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Metabolik Profil

ABSTRACT

This study was performed to investigate the relationship between endocrinological and meta-
bolic profiles and the pregnancy rate at the first insemination in peripartum dairy cows housed
under cold conditions. Temperature inside the barn was recorded hourly during the periparturi-
ent period. Blood samples were collected before (last 14 day), on the day (O day), and after par-
turition (3, 4, 6, 8, 15, 22, and 29 days) from 26 peripartum Simmental cows and analyzed for
anti-Mullerian hormone, B-hydroxybutyric acid, insulin-like growth factor 1, insulin, cortisol, malo-
ndialdehyde, progesterone, thyroid-stimulating hormone, tri-iodothyronine, and thyroxine con-
centrations. The cows were divided into 2 groups: pregnant and non-pregnant based on results
at the first insemination. The average ambient temperature ranged from —7°C to +11°C in the
tent barn. Serum anti-Millerian hormone (2.00 + 0.04 vs. 1.89 + 0.04 mU/L; P <.0086), insulin
(210 +£ 0.03 vs. 2.51 + 0.05 ng/mL; P <.0001), malondialdehyde (49.0 + 1.30 vs. 44.0 + 1.2 ng/mL;
P <.001), and progesterone (441 + 2.2 vs. 417 + 2.1 pg/mL; P <.002) concentrations were differ-
ent between pregnant and non-pregnant cows. In conclusion, anti-Mdllerian hormone and insulin
have a determinative role on pregnancy rate in peripartum cows housed under cold condition.

Keywords: Cold stress, cow, fertility, metabolism, pregnancy

oz

Bu galisma, soguk kosullarda barindirilan peripartum ineklerde ilk tohumlamada endokrinolojik ve
metabolik profil ile gebelik oranlari arasindaki iliskiyi aragtirmak amaciyla yapiimistir. Ortam sicak-
li§1, periparturient donem boyunca saatlik olarak kaydedilmistir. Anti-Mdllerian hormon (AMH),
B-hidroksibutirik asit (BHBA), insulin benzeri bliyime faktord 1 (ILGF-1), instlin, kortizol, malon-
dialdehit (MDA), progesteron (P4), tiroid uyarici hormon (TSH), tri-iyodotironin (T3) ve tiroksin (T4)
konsantrasyonlarinin analiziigin 26 adet Simmental inekten dogum dncesi (-14 glin), dogum ginu
(O glin) ve dogum sonrasi (3, 4, 6, 8, 15, 22 ve 29 glin) farkl araliklarla kan érnekleri alinmigtir.
Inekler, ilk tohumlama sonuglarina gére geriye doniik olarak gebe (PG) ve gebe olmayan (NPG)
olmak Uzere iki gruba ayrilmistir. Cadir ahirda ortalama ortam sicakligi —7°C ile +4°C arasinda
degismistir. Ineklerin (PG ve NPG) serum AMH (2,00 + 0,04 vs. 1,89 + 0,04 mU/L; P <,0086), insulin
(2,10 + 0,03 vs. 2,51 + 0,05 ng/mL; P <,0001), MDA (49,0 + 1,30 vs. 44,0 + 1,2 ng/mL; P <,001) ve
P4 (441 +2,2vs. 41,7 + 2,1 pg/mL; P <,002) konsantrasyonlari farkliydi. Sonug olarak, AMH ve insu-
lin soguk sartlarda barindirilan ineklerde gebelik oranlari tGzerine belirleyici bir rol oynar.

Anahtar kelimeler: Soguk stresi, inek, fertilite, metabolizma, gebelik

INTRODUCTION

Infrastructure and suprastructure of housing systems are designated to be ecostructural addressing
animal welfare and compatible with environmental conditions. Tent-covered barns become common
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which provide a microclimate inside while removing harmful
gases such as ammonia and methane and also odors.' However,
the tent-type barns' suitability for geographical regions with
severe winter conditions is controversial due to the feature that
the tent can only protect against rain and wind. Thus, the effect
of cold conditions in tent barns on fertility is worth investigating.

Generally, herds' fertility rate varies depending on genetic, mana-
gerial, and environmental factors and their interactions.? Stress
is one of the most important factors that negatively affect the
health and productivity of cows and other farm animals.® Stress is
the reaction of an organism to external forces that disrupt physi-
ological order by affecting homeostasis* and homeorhesis.® The
extreme heat or cold environments cause stress in cows.®” Both
intrinsic (e.g., rumen movements, milk production) and extrinsic
factors (e.g., high temperature, high humidity, solar radiation, low
wind speed) are involved in the initiation and intensification of
heat or cold stress in cows.”®

This experiment was conducted to evaluate the hormonal, meta-
bolic, and reproductive changes during the peripartum period
and their effects on pregnancy rate at the first insemination in
cows kept in a tent-type barn during the cold season.

MATERIALS AND METHODS

Experimental Design, Housing, and Grouping of Cows

The research was carried out on 26 pregnant (PG) Simmen-
tal cows at the end of the third lactation in a private farm
(TR250001027418; Nail Cinisli Agriculture Livestock Food Indus-
try and Trade Inc., location: 39°54'N, 40°51'E) in Turkey. Etik kurul
tarih: 03.04.2018 Protokol no: 95. Cows were housed ina 2 x 2
free-stall nylon-covered tent barn. In this barn model, the cows
were protected only from wind and rain but exposed to out-
door temperature and humidity changes. Cows had ad libitum
feed and water access to meet the NRC recommendation.® Staff
observed the cows and noted the changes such as estrus signs,
abnormal vaginal discharge, foul odor after calving, and anorexia
in the barn. Cows experiencing dystocia, retention of fetal mem-
branes, mastitis, metritis, endometritis, and ovarian pathologies
such as cysts were excluded from the study. A computer-assisted
automated milking system recorded all milking data. The aver-
age milk yield of the cows was measured at 5756 kg for 305-days
lactation in the previous lactation.

Pregnant cows were moved into the close-up paddocks and mater-
nity pens, which were in a concrete barn, 14 days before expected
parturition. In this area, the temperature was kept in the thermo-
neutral zone by utilizing the barn's furnace heating system. Three
days after parturition, healthy cows were transferred to the main
nylon tent barn and kept there for the rest of the lactation cycle.

Ambient Temperature Recording

Two digital thermometer and hygrometer data loggers were
placed into the tent and concrete barns to measure and record
temperature and humidity on an hourly basis during the entire
study period.

Blood Sampling and Serum Analysis

Blood samples were collected from the coccygeal vein (Vena cau-
dalis) on the 14th day (before expected parturition), on the day of
parturition, and then sampling was extended to 3, 4, 6, 8, 15, 22,
and 29 days after parturition. Blood samples were centrifuged
at 4000 rpm for 10 minutes, and serum was stored at —20°C
until analyses. Measurements were performed according to the

Vet Sci Pract. 2022; 17(3): 71-75 | DOI: 10.5152/VetSciPract.2022.1040814

manufacturer’s guidelines for B-hydroxybutyric acid (BHBA),
insulin-like growth factor 1 (IGF-1), insulin, cortisol, malondialde-
hyde (MDA), anti-Mdillerian hormone (AMH), progesterone (P4),
thyroid-stimulating hormone (TSH), tri-iodothyronine (T3), and
thyroxine (T4) using the enzyme-linked immunosorbent assay
technique.

Reproductive Examination and Artificial Insemination

On the 15th, 22nd, and 29th day postpartum, uterine involution
and restart of ovarian activity were monitored using transrectal
ultrasonography. Uterine involution was monitored by measur-
ing cervical and uterine horn diameters. The presence of large
follicles and corpus luteum (CL) was accepted as the restart of
postpartum ovarian activity. All of the cows, which had a healthy
postpartum period, were inseminated at first estrus after the vol-
untary waiting period (>42th day). The same technical staff per-
formed artificial insemination using the same semen throughout
the study. The pregnancy checks were made on the 35th day after
insemination, and the embryonic and fetal survival was moni-
tored until 120 days of gestation by ultrasonographic examina-
tion and rectal palpation.

Statistical Analysis

The temperature was presented as minimum-maximum daily
using the UNIVARIATE procedure.’® The cows were divided into
2 groups as PG and non-pregnant (NPG) according to the first
insemination results. Metabolic, hormonal, and reproductive
parameters were subjected to a one-way analysis of variance
according to the General Linear Model procedure. The linear
model was used to analyze the pregnancy status, time, and preg-
nancy-time effect. Changes over time were determined by the
repeated measurement approach. Statistics significance was
accepted at the level of P <.05.

RESULTS

Ambient Temperature Changes in the Tent and Concrete Barn
At the farm level, the average ambient temperature ranged
between —7 °C and +11 °C during the whole study period. It ranged
from —7°C to +4°C and from +6°C to +11°C in the tent (postpar-
tum) and concrete (prepartum) barns, respectively (Figure 1).

Evaluation of Fertility Parameters

The cows’ fertility status was evaluated with 4 main criteria; preg-
nancy status at the end of the study, conception at first insemi-
nation, number of inseminations per eventual gestation, and days
open till eventual gestation (Table 1). A total of 24 out of 26 cows
were PG at the end of the study. Twelve of these cows were con-
ceived at first insemination, and none of them showed embryonic
and fetal death later on. Days open in the PG cows was 57.9 + 101,
whereas it was 193.5 + 30.4 in the NPG cows (Table 1). For all PG
cows, the average number of inseminations per pregnancy was
1.92 +1.35, and days open was 94.3 + 54.0.

Metabolic and Hormonal Profiles

Serum concentrations of AMH (2.00 + 0.04 vs. 1.89 + 0.04
ng/mL; P <.05), insulin (210 + 0.033 vs. 251 + 0.058 mUJL,
P <.0001), MDA (44.0 + 1.2 vs. 49.0 + 1.3 ng/mL, P <.001), and P4
(441 +£2.2vs. 417 + 21 pg/mL, P <.01) were significantly different
between the PG and NPG cows (Table 2). Serum concentrations
of BHBA, IGF-1, cortisol, P4, TSH, T3, and T4 were similar for the
PG and NPG cows. Expectedly, these parameters changed during
the experimental period (P <.0001). Change patterns during the
experimental period between the PG and NPG cows tended to
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Figure 1. Temperature inside the barn during the experiment process (°C). Max, maximum; Min, minimum.

Table 1. Fertility Status of Cows Upon Insemination During the Cold Season

Pregnancy Status n Insemination Number Days Open

Non-pregnant 5.00 + 1.41 193.5 + 30.4

Pregnant 24 1.92 + 1.35 94.3 + 54.0
12 1 57.9 +10.1
8 2 98.4 +£9.2
1 3 144.0 + NA
1 4 171.0 £ NA
1 5 204.0 + NA
1 6 263.0 + NA

NA, not applicable.

Table 2. Metabolic and Hormonal Profiles of Cows Upon Insemination During the Cold

Season
Group Statistical Effect

Parameter Pregnant Non-pregnant  Group DRC  Group x DRC
AMH (ng/mL) 2.00 + 0.04 1.89 £ 0.04 0.005  0.0001 0.0552
IGF-1 (ng/mL) 2.15 + 0.032 2.11 + 0.04 0.5388 0.0001 0.9989
Insulin (mU/L) 2.10 + 0.033 2.51+0.06 0.0001  0.0001 0.9910
Cortisol (ng/mL) 372+ 1.1 39.6 £ 1.0 0.0898  0.0001 0.3860
P4 (pg/mL) 441+ 2.2 41.7 £ 2.1 0.0024  0.0001 0.9556
TSH (pg/mL) 493 + 17 532 + 16 0.1030  0.0001 0.9858
T3 (pg/mL) 372 £ 12 368 +9 0.4231 0.0001 0.8203
T4 (ng/mL) 8.85+0.12 8.68 +0.14 0.4637 0.0001 0.3540
BHBA (ng/mL) 5.12+0.12 5.19+0.12 0.6353  0.0001 0.9702
MDA (ng/mL) 44.0+ 1.2 49.0+ 1.3 0.0011  0.0001 0.5243

be different for AMH levels (Figure 1; group by time interaction,
P =.0552). AMH concentrations for the PG cows were higher in
the late prepartum period and the first month of early postpar-
tum than that for the NPG cows (Figure 2).

Ultrasonographic Measurements

Diameters of the cervix (41.5 + 1.29 vs. 42.2 + 1.50 mm, P >.05) and
the right (28.6 +112vs. 30.6 +1.27 mm) and left (25.3 + 0.97 vs. 27.0
+ 115 mm) uterine horns were not different between the PG and
NPG cows (P >.05; Table 3). No difference was observed clinically
in terms of ovarian activities of the cows. All cows showed estrus at
least once in their first 42 days of parturition, and at least 1 CL or at
least 1 Graafian follicle was present at early 22 days of calving.

Behavioral Changes

Gathering, trembling, and decreased mobility were notable in the
first 3-10 days after releasing from maternity pen in the concrete
barn to lactating group in tent farm. Thereafter, the intensity of
these behaviors gradually diminished. The significant signs of
estrus, such as standing for mounting or attempting to mount,

Table 3. Uterine Measurements of Cows Upon Insemination During the Cold Season

DRC, days relative to calving; AMH, anti-Miillerian hormone; IGF-1, insulin-like growth factor 1;

P4, progesterone; TSH, thyroid-stimulating hormone; T3, tri-iodothyronine; T4, thyroxine;

BHBA, p-hydroxybutyric acid; MDA, malondialdehyde.

DRC, Doguma kiyasla giin sayis;; AMH, Anti-Miillerian hormon; IGF-1, Insiilin benzeri biiytime faktérii 1;
P4, Progesteron; TSH, Tiroid situmile edici hormon; T3, Triiodotironin; T4, Tiroksin; BHBA, Beta-
hidroksibiitirik asit; MDA, Malondialdehit.

Group Statistical Effect
Parameter Pregnant Non-pregnant  Group DRC GroupxDRC
Cervix diameter ~ 41.5 + 1.3 422+ 1.5 0.7018  0.0001 0.3645
(mm)
Right horn 28.6 + 1.1 30.6 +1.3 0.2010  0.0018 0.8443
diameter (mm)
Left horn 25.3 + 1.0 27.0 +1.2 0.2339  0.0964 0.9105

diameter (mm)

DRC, days relative to calving.

3.0

2.5

2.0

1.5

1.0

AMH (ng/ml)

0.5

=O= Non-Pregnant —e= Pregnant

Day Relative to Parturition

Figure 2. Alterations in AMH concentrations of cows upon insemination during the cold season. AMH, anti-Mllerian hormone.
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were not observed in the tent barn. The most considerable sign
was sweat and steam on the skin surface of the cows in estrus.

DISCUSSION

Behavioral changes reported in previous studies™? due to acute
cold stress exposure were also observed in this study when the
cows were transferred from the concrete barn (from the last 2
weeks of gestation to 3-day early postpartum follow-up) to the
tent barn. These included gathering, trembling, and reluctant
mobility for 3-10 days, which diminished thereafter, probably
adapting to a new environment.

The AMH is synthesized by developing antral follicles (3-5 mm
follicles) from the ovaries, and it prevents excessive consump-
tion of primordial follicles from the follicular pool. Therefore, it is
considered a reliable biomarker of ovarian reserves for cyclicity.”
The PG cows tended to have a higher serum AMH concentration
than the NPG cows at the first insemination (Table 2). This dif-
ference was especially significant during the prepartum period
and in the first week postpartum (Figure 2). The positive correla-
tion between fertility and AMH concentration was mentioned by
Ribeiro et al.” However, the difference between the PG and NPG
cows decreased in the first week postpartum. This equalization
could be due to the failure to achieve extreme cold conditions.

Endocrine IGF-1,which has a positive effect on follicularand embry-
onic development, is used to monitor the interactions between
nutrition and reproduction.’®® Previous researchers stated that
the cows, which showed physiological ovarian activity and ovula-
tion, has a greater IGF-1 level in the postpartum first week than the
cows with inactive ovaries, cystic follicles, and persistent corpus
luteum.” In the present study, IGF-1 showed the typical pattern as
compatible with previous studies.’® It started to increase during
the late postpartum, reached the basal level in the first week post-
partum, and then gradually increased (data not shown). This could
be also due to exclusion of the cows with postpartum abnormal
ovarian activity and uterine problems from the study.?®

Serum insulin was for the PG cows even before calving, which
remained high during postpartum. Insulin affects glucose metabo-
lism and steroidogenesis, supports estradiol and P4 production
from granulosa cells, and stimulates androgen synthesis fromtheca
cells.?' The cows with high blood insulin concentration have greater
chances of ovulation in the first early 50 days of postpartum and
have a lesser interval between calving to the first insemination.?>%
All these positive effects were interrelated with the positive effects
of insulin on follicular development and the production of steroid
hormones.?* However, in the present study, all cows showed estrus
at least once in their first 42 days of parturition, and at least 1 CL or
at least 1 Graafian follicle was present in the first 22 days of calving.

Stressors can suppress P4 production® and may affect reproduc-
tive performance, indirectly. P4 is a primary hormone necessary
for pregnancy continuation.?® In this study, serum P4 concentra-
tion was consistently higher for the PG cows than that for the
NPG cows during the peripartum period. Previous studies have
shown a positive correlation between the P4 concentration and
ovulation success and pregnancy.?’

Cortisol is a glucocorticoid derivate, which is an essential regula-
tor of energy metabolism, especially under acute and prolonged
stress such as parturition and the postpartum period.?® Lucy?®
stated that stress negatively impacted fertility and acute and
chronic cold conditions were a stressor, leading to an increase in
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glucocorticoid concentration and the development of secondary
changes in productivity. Increased plasma cortisol level was asso-
ciated with stressful management and environmental factors
such as nutrition, housing, and cold stress (acute and chronic) in
previous reports.*®

Thyroid hormones play an essential role in steroidogenesis in
granulosa cells,?' resumption of ovarian activity in post-parturi-
ent cows, and the cows with higher plasma T3 and T4 levels have
shorter calving to conception interval according to Reist et al.®'
However, a difference was not detected between the groups. The
cold exposure did not cause a significant decrease in T3 and T4
levels in the PG and NPG cows.

The BHBA, an indicator of subclinical ketosis, tends to increase
in energy-deficient cows.®? Higher concentrations of BHBA than
1.2 mmol/L in the first postpartum signifies subclinical ketosis.*?
The cold condition might induce lipolysis to elevate the BHBA
concentration, especially in the NPG cows.

Upon exposure to the cold environment, development of oxidative
stress was attained by the MDA measurement, an endpoint deg-
radation product of lipid peroxidation®*** and impacts cell mem-
branes as Castillo et al®® reported that MDA levels significantly
increased in the cows during the transition period, 1 week before
and after parturition, Turk et al** suggested higher MDA level in
prepartum than early and late puerperium. Although higher MDA
was expected in the early lactation period due to increased sus-
ceptibility to production diseases,® prepartum oxidative stress
was almost double higher in this study. This result was associated
with increased oxidative status, in both advanced pregnancies.

A healthy postpartum process in the uterus and ovarium is essen-
tial for reproductive performance. The delayed uterine involution
causes delayed bacterial elimination, postpartum uterine infec-
tions, profound damage to the endometrium, and infertility.3%" In
the present study, regular postpartum gynecological examinations
were administered, and the cows with postpartum metritis were
excluded, purposefully. Thus, the possible adverse effects of delayed
involution and metritis on the pregnancy rate could be eliminated,
and the potential adverse effects of environmental conditions and
endocrinological changes could be evaluated. As a result, a simi-
lar involution pattern was observed in both groups. This could be
attributed to cows’ well-being or failure to achieve the cold stress.

In conclusion, in cold exposure down to —7°C, there were continu-
ous endocrinological and metabolic changes related to stress.
High serum AMH, insulin, and P4 concentrations were associated
higher rate of conception at the firstinsemination in the presented
conditions. In addition to the reduction in infrastructure cost, the
tent-covered barns are suitable for mild/moderate cold environ-
ments without adversely affecting welfare and productivity.
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Erzurum Bélgesinde Uretilen Ballarda
Bazi Antibiyotik Kalintilarinin
Belirlenmesi

Determination of Some Antibiotic Residues in
Honey Produced in Erzurum Region

Meryem AYDEMIR ATASEVER!

Adil Talha YUKSEL? 0z

1Atatilirk Universitesi, Veteriner T[jrl.dye, Qinid(fn sonra duhygnl_n en b[jy[j!f bal Qrgtic_isidir. Bal, TU.r_kiye‘_nin en onemli tar.lm—
Fakiiltesi, Gida Hijyeni ve Teknolojisi sal ihracat driinlerinden birisidir. Kontrolsliz antibiyotik satigi ve bilingsiz kullanimi nedeniyle,
Anabilim Dali, Erzurum, Tiirkiye Turk balindaki antibiyotik kalintilari ihracatta 6nemli sorunlara neden olmaktadir. Balda antibi-
2Afyonkarahisar il Gida Kontrol yotik kalintilarinin varligi insan saghgina zararli olabilir. Baldaki antibiyotik kalintisi hala diinya
Laboratuvar Mudurliga, capinda 6nemli bir sorundur. Baldaki antibiyotik kalintilarinin cogunlukla gevre kaynakli degil,
Afyonkarahisar, Turkiye yanlis aricilik uygulamalarindan kaynaklandigi ortaya ¢ikmistir. Bu ¢alismanin amaci, Erzurum

ilinden toplanan ballardaki neomisin ve tetrasiklin kalintilarinin belirlenmesidir. Bu amagla, 79 ball
numunesi, ELISA 9 metodu ile analiz edilmis, 79 bal 6rneginin 37’sinde (%46,8) 2,1-47,08 ppb ara-
sinda ortalama 9,33 ppb dlizeyinde tetrasiklin kalintisi belirlenmis, kalan 22 6rnekte ise tetrasik-
lin kalintisinin minimum belirleme limitinin altinda kaldigi saptanmistir (<2 ppb). Yetmis dokuz
bal 6rneginde neomisin kalintisi belirlenemedi (minimum tespit limiti 15,63 ng/mL). Tirk Gida
Kodeksi yonetmeliginde bal icin belirlenmis maksimum kalinti siniri yoktur; bu ise balin antibi-
yotik igermemesi gerektigi anlamina gelmektedir. Sonug olarak; bal Ureticilerinin bal Gretiminde
antibiyotik kullaniminin yasal olmadigi konusunda bilgilendirilmesi gerektigi dlistintilmektedir.

Anahtar Kelimeler: Antibiyotik, ELISA, Erzurum, bal, neomisin, kalinti, tetrasiklin

ABSTRACT

Turkey is the world's largest honey producer after China. Honey is one of Turkey's most important
agricultural export products. Due to uncontrolled antibiotic sale and unconscious use, antibiotic
residues in Turkish honey cause important problems in exports. The presence of antibiotic resi-
dues in honey can be harmful to human health. Antibiotic residue in honey is still a major problem

Gelis Tarihi/Received: 07.01.2022 worldwide. Antibiotic residues in honey were mostly caused by incorrect beekeeping practices,
Kabul Tarihi/Accepted: 18.03.2022 not from the environment. The aim of this study was to determine the neomycin and tetracycline
Yayin Tarihi/Publication Date: 20.12.2022 residues in honey collected from the Erzurum province. For this purpose, 79 honey samples were
_ analyzed by the enzyme-linked immunoassay method. Tetracycline residues were found to be
;%rrt;”;rfZ?éaErKACigr/:?SApSOE'UjE'EQ author: between 2.1 and 47.08 ppb in 37 of 79 honey samples (46.8%) and had an average of 9.33 ppb,
E-mail: meryematasever@atauni.edu.tr while 22 of the samples were below the minimum detection limit (<2 ppb). Neomycin residues
could not be detected in 79 honey samples (minimum detection limit 15.63 ng/mL). There are no
Cite this article as: Aydemir Atasever M, maximum residue limits established for antibiotics in honey according to the Turkish Food Codex
Yiksel AT. Determination of some lati friig) h heulle t . — A e e e sl M-
antibiotic residues in honey produced regulations, which means honey should not contain antibiotics. As a result, it is believed tha
in Erzurum region. Vet Sci Pract 2022; honey producers should be informed that it is not legal to use antibiotics in honey production.

17(3), 76-80.
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Erzurum bolgesinde Uretilen ballarda
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GiRiS
Bal,dogalve sagliklibirirlin olarak kabul edilmektedir. Yillik diinya bal Gretimininyaklagik %40'i Asya Ulke-
or i leri tarafindan gergeklestirilmektedir. Tlrkiye ise Cin'den sonra diinyada 6nemli bal treticilerindendir.'?
Copyright@Author(s) - Available online at
veterinarysciences-ataunipress.org Ancak glinimuizde bal, farkli kirlilik kaynaklari tarafindan kirletilen bir ortamda tretilmektedir. Kirlenme;
Content of this journal is licensed under a cevresel ve ari kaynakli olabilmektedir. Kontaminasyon kaynaklari arasinda pestisitler, agir metaller,
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bakteriler ve radyoaktivite ele alinmaktadir. Bu kirleticiler hava,
su, toprak ve bitkilerde bulunarak ari kovanlarina tasinabilmek-
tedir. Aricilik uygulamasindan kaynaklanan kirletici maddeler ara-
sinda akar (baslica varroa) kontroli igin kullanilan akarisitler, bal
hasadinda kullanilan ari kovucular, balmumu givesiigin kullanilan
pestisitler ve antibiyotikler bulunmaktadir.?

Aricilik sektoriinde bakteriyel hastaliklarin tedavisi amaciyla
antibiyotikler kullaniimaktadir. Ozellikle tetrasiklin, yaygin ola-
rak Paenibacilus larvalari ve Streptococcus pluton bakterilerinin
neden oldugu Avrupa yavru ¢Urikligu (EFB) ve Amerikan yavru
¢urikltigu hastaliklarinin (AFB) tedavisnde tercih edilmektedir.
Bununla birlikte, yaygin kullanimi nedeniyle bu bakterilerde tet-
rasikline karsi direng olustuguna dair literatlr bilgileri mevcuttur
(7, 8). Ayrica, aricilikta eritromisin, linkomisin, neomisin, strepto-
misin, enrofloksasin vb. gibi diger antibiyotiklerin kullanildigi da
bildirilmigtir.*

Avrupa Birligi (AB) Ulkelerinde ve Turkiye'de aricilikta antibiyotik
kullanimi yasaklanmistir.® Antibiyotik kalintilari nispeten uzun bir
yari dmre sahip olmalari, asiri duyarl kisilerde alerjik reaksiyon-
lara sebep olmalari, hematopoetik sistem bozukluguna ve direngli
bakteri suslarinin indiiksiyonuna yol agmalari nedeniyle tiiketici-
leri dogrudan etkileyebilirler.8”

Bu calismanin amaci, bal Uretim kapasitesi ve kalitesinin nis-
peten yiksek oldugu Erzurum yoresinde Uretilen ballarda
neomisin ve tetrasiklin antibiyotik varligini ve seviyelerini belirle-
mektir. Bu arastirma TYL-2018-6200 kodlu proje ile Atatiirk Uni-
versitesi Bilimsel Arastirma Projeleri Koordinatorligu tarafindan
desteklenmistir.

MATERYAL VE METOT

Ornek Alimi

Bu calismada analiz edilen bal drnekleri Erzurum’a bagli; Askale,
Aziziye, Cat, Hinis, Horasan, ispir, Karayazi, Karagoban, Kopriikdy,
Narman, Oltu, Olur, Palanddken, Pasinler, Pazaryolu, Senkaya,
Tekman, Tortum, Uzundere, Yakutiye ilgelerinden temin edildi.
Toplam 79 adet bal 6rnegi aricilik yapan bal Ureticilerden direkt
olarak peteklerden sizilerek alindi. Numuneler oda sicakliginda
muhafaza edildi. Toplanan 6rnekler, 1siga kapali ortamda oda isi-
sinda ve ambalajlarin agzi ortam nemini almayacak sekilde kapa-
tilarak muhafaza edildi.

Orneklerin tetrasiklin ve neomisin antibiyotik kalintilari Enzy-
me-Linked ImmunoSorbent Assay (ELISA) yontemi ile saptand.

ELISA Analizi

Tetrasiklin Analizi

Tetrasiklin analizi Elabscience TCs (Tetrasiklin) ELISA kitine ait
manuelde belirtilen yonergelere gore yapildi (Elabscience, USA
Tetrasiklin). Bu amagla deney tlplne alinan 1 g bal 6rnegi 2 ML%
1 lik trichloroacetic asit ile ¢ézlindirdldikten sonra 4000 rpm
de oda sicakliginda 10 dakika santiflj edildi. Daha sonra baska bir
deney tlplne slpernatanttan 100 pL alinarak Gzerine 1900 uL
reconstition buffer (kit igerisinde bulunan) ilave edilerek 30 saniye
calkalandi. Bu karisimdan 50 pL alinarak analizde kullanildi.

Mikropleytin ilk 12 kuyucuguna standartlar paralelli olarak, diger
kuyucuklara da orneklerden 50 uL ilave edildi. Ardindan 50 pL
antibody sollsyonu ilave edildikten sonra 5 saniye karistirilarak
37°C lik etlivde 30 dakika (karanlik ortam) inkiibe edildi. inkiibas-
yonu ardindan pleytler ters gevirilerek kuyucuklarda bulunan sivi
uzaklastirildi.

Ardindan yikama sollsyonu ile 5 kez yikama iglemi yapildi. Ardin-
dan 100 pL HRP konjugate ilave edilerek 37°C lik etlivde 30 dakika
(karanlik ortam) inktibe edildi. Daha sonra yikama iglemi yapildi.
Daha sonra 50 L substrat reagent A her kuyucuga ilave edildik-
ten sonra 50 pL substrat reagent B eklenerek hassas 5 saniye ¢al-
kalandi. 37°C lik etlivde 15 dakika (karanlik ortam) inktbe edildi.
Bu islemin ardindan 50 pL stop sollisyonu ilave edilip galkalandi.
Ardindan optik yogunlugun belirlenmesi icin mikroplayt okuyucu
da 450 nm de okutuldu. Orneklerin diliisyon faktdrii 40, mini-
mum belirleme dozu (Lod) 2 ppb dir.

Neomisin Analizi

Neomisin analizi Europroxima neomisin 51111 NEO (12)09.15
ELISA kitine ait manuelde belirtilen yonergelere gore yapildi
(Euro Proxima, Arnhem, The Netherlands). Deney tlipline 1 g bal
birlikte 4 mL SDB (SDB; 1 L distile su igerisinde ¢oztndurilmus
115 g Na,HPO,; 0,2 g KH,PO,; 0,2 g KCI; 30 g NaCl; 0,5 mL Tween
80 (pH 7,4)) eklendi ve vorteks ile iyice kanistirildi. Bu karigimin
berrak kismindan 1 mL alinip temiz bir tlpe aktarildiktan sonra
lizerine 4 mL SDB ilave edildi ve iyice vortekslendi. Elde edilen
bu igerikten 50 uL alinarak ELISA test prosediriinde kullanildi.
Standartlar paralelli olarak pleyte aktarildi. Daha sonra hazirlanan
her bir rnekten alinan 50 pLlik dilisyonlar kuyucuklara aktarildi.
Daha sonra 25 pL konjugat (neomisin -HRP) bittin kuyucuklara
(kor bulunan kuyucuklar harig) ilave edildi. Ardindan 25 pL anti-
body sollisyonundan bittn kuyucuklara (kor bulunan kuyucuklar
harig) aktarildi. Pleyt karistiricida 1 dakika sireyle karistirildi. Pleyt
4°C lik karanlik ortamda 1 saat inklibe edildi. Pleyt ters cevirile-
rek icerisinde bulunan sollsyonlar uzaklastirildi. Ardindan 3 kez
ytkama iglemi uygulandi. Kuyucuklara 100 pL substrat sollisyo-
nundan aktarildi. 20-25°C de 30 dakika inkibe edildi. Daha sonra
her kuyucuga 100 L stop sollisyon aktarilarak 450 nm de ELISA
okuyucuda absorbans degerleri okundu. Neomisin hesaplamalari
icin kalibrasyon kurvesi gizilerek konsantrasyonlar hesaplandi.

istatistiksel Analiz
Orneklerinin analizlerinden elde edilen bulgularin ortalama
degerleri Exel 2016 programi kullanarak yapildi.

BULGULAR

Tetrasiklin Analiz Bulgulari

incelenen drneklere ait tetrasiklin kalinti diizeyleri Tablo 1.de,
tetrasiklin kalintisi pozitif olan &rneklerin ortalamasi Sekil 1.de
belirtilmistir.

Neomisin Analiz Bulgulari
Yapilan incelemeler sonucunda neomisin agisindan pozitif (Limit
of Detection (LOD): 15,63 ng/mL) 6rnek belirlenmedi.

TARTISMA

Ozellikle ari hastaliklarinin dnlenmesinde bilingsiz antibiyotik kul-
lanimi sonucu olusan kalintilar gida glivenligi sorunlarina neden
olmakta ve halk saghgini tehdit etmektedir. Arastirmalar baldaki
antibiyotik kalintilarinin gogunlukla gevreden degil, yanlis aricilik
uygulamalarindan kaynaklandigini géstermektedir.? Bal ornekle-
rinde antibiyotik kalintilarina dair birkag ¢alisma bulunmaktadir
(11-13).

Bu calismada kullanilan ELISA kitinin minimum belirleme limiti
2 ppb olup, incelenen 79 6rnedin 37 (%46,8) tanesinde 2,1-47,08
ppb arasinda degisen konsantrasyonlarda ve ortalama 9,33
ppb dizeyinde sz konusu antibiyotik kalintisini igerdidi sap-
tandi. Ayni 6rnekler; minimum belirleme limiti 15,63 ng/mL olan
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Tablo 1. Bal érneklerinin tetrasiklin bulgulart ELISA kiti ile neomisin yonlinden incelendi ve limiti asan 6rnege
Ornek Pozitif Pozitif 6rneklerin Pozitif 6rneklerin rastlanmadi.
ilgeler say1s1 ornek say1s1  kalinti diizeyleri (ppb) yiizdesi
Askale 3 1 7.32 1/3 (%33) Bu c¢alismada ballarda tetrasiklin ve bir aminoglikozid grubuna
Aziziye 5 3 4,96 3/5 (%60) ait bir antibiyotik olan neomisin dizeyleri de arastirildi. Hayvan
11,6 hastaliklarinin tedavisinde ilag ve yem katki maddesi olarak yay-
10,92 gin kullanildigindan; et, stit, bal gibi gida maddelerinde kalinti riski
Cat 3 1 26,72 1/3 (%33) olusturabilmektedir.
Hinis 7 3 7,92 3/7 (%42)
12,36 Elde edilen bulgular bal 6rneklerinde yliksek oranda tetrasik-
16 lin belirleyen diger literattr®™ bilgileriyle uyum géstermekte-
Horasan 3 2 11,72 2/3 (%67) dir. Bu durumun halk saghgi acisindan sorun olusturabilecegi
47,08 gorilmektedir. Zira Turkiye'de balda antibiyotik kalinti dize-
Ispir 7 3 2,1 3/7 (%42) yini belirlemeye yonelik yapilan ¢alismalarda benzer olgulara
54 rastlanmistir.
5,08
Karagoban 5 3 2,72 3/5 (%60) Turkiye’de 2006 yilinin ilk alti ay! igerisinde 22 farkl yoreden
6.2 direkt aricilardan toplanan &rneklerin %10-15’inin  tetrasik-
9,48 lin, streptomisin ve silfonamid antibiyotik kalintisi igerdigi
Karayaz1 5 2 6,44 2/5 (%40) b||d|r||m|§t|r9
4,32
Képriikdy 3 9 5.36 2/3 (%67) Bir bagka ¢alismada Turkiye'nin bati bolgesinde Ureticilerden top-
26 lanan 103 balin %23’tinde stilfonamid kalintisi tespit edilmis olup,
Narman 3 2 2,64 2/3 (%67) pozitif drneklerin %68’inin stlfametazin, %12’sinin stlfamerazin,
5,04 ve %20’sinin de stilffametoksazol ile kontamine oldugu bildirilmis-
Oltu 3 1 3,96 1/3 (%33) tir.'° Yine ayni bolgede yapilan diger bir calismada ise 59 ¢cam bali
Olur 3 2 6,92 2/3 (%67) orneginin 35'inin 6-42 ppb arasinda tetrasiklin grubu, 31 bal 6rne-
18,16 ginin ise, 3-32 ppb arasinda silfonamid grubu antibiyotik kalintisi
Palanddken 3 1 444 1/3 (%33) icerdigi rapor edilmistir."
Pasinler 3 1 5,36 1/3 (%33)
Pazaryolu 5 3 6,6 3/5 (%60) Dinyada balda antibiyotik kalintilarinin arastirildigr bazi ¢alisma-
6,68 larda™™ dustk dizeylerde antibiyotik kalinti kontaminasyonun
15,68 varligi ortaya konmustur.
Senkaya 3 1 4,72 1/3 (%33)
Tekman 5 9 6.2 2/5 (%40) Bal Ureticilerinden temin edilen farkl bal tirlerinde Liquid Chro-
2,84 matography (LC)yontemiile yapilan bir calismada bal 6rneklerinde
Tortum 4 1 10,8 1/4 (%25) (belirleme limiti: 15-30 ng/g) tetrasiklin grubu antibiyotik kalin-
Uzundere 2 1 4,2 1/2 (%50) tisi bulunamamistir.” Benzer sekilde High Performance Liquid
Yakutiye 4 2 5,88 2/4 (%50) Chromatography (HPLC) ile yapilan bagka bir ¢alismada;'* 36 bal
528 orneginde oldukga dlsglk dizeylerde (0,03 ppb) oksitetrasiklin
Toplam 79 37 9.33 37/79 (%46.8) bulundugu bildirilmistir. Farkli tir bal rneklerinde (akasya, jojoba,
30.00 2940
26.72
'_g_ 25.00
£
S 20.00
3 15.68
§ 1500 12.09 12.54
@ 10.80
£ 9.16 9.65
£ 1000 ..
£ 524513538 5.36 5.5
S oo I I 384396 4.44 472452 || 420 I
111 11
e T Q,@Qs o\“° 0\\%&3&0&}&6@:&0 RO
¥ *2*0 %’b‘/b NG {_‘OQ ™ < ’b\,b(‘ NG Q,b’\« 52 &z A \)’L\) 0
ilgeler

Sekil 1. Pozitif drneklerin ortalama Tetracycline kalinti diizeyleri.
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pipa ve polifloral) ELISA yontemi ile tetrasiklin taramasi yapilan bir
calismada ise bal 6rneklerinin 0,1239 + 0,1808 ng/mL ile 2,119 +
0,1576 ng/mL arasinda s6z konusu antibiyotik ile kontamine oldu-
gunu bildirilmistir."®

Diinyada yapilan bircok galismada*®®1 balda ylksek tetrasiklin
kontaminasyonu bildirilmigtir.

Belgika'da 2000-2002 yillari arasinda ulusal bir tarama programi
kapsaminda yerel Ureticilerden ve gesitli Glkelerden ithal edilen
ballarda farkl antibiyotik (streptomisin, tetrasiklin, sulfanomid,
B-laktam, kloramfenikol) dlizeyleri incelenmistir. Yerli (n=248) ve
ithal (h=108) bal 6rnegdinin sirasiyla 4 (%1,6) ve 51 (%47,2) strepto-
misin ile kontamine oldugu belirtilmistir. Ayni sekilde 72 yerli 98
ithal bal 6rnedinin ise, sirasiyla 2 (%2,8) ve 29 (%29,6) tetrasiklin ile
kontamine oldugu rapor edilmistir.®

Yunanistan'da sivi kromatografi (LC) ile incelenen 251 bal 6rnegi-
nin %29'unun tetrasiklin ile kontamine oldugu, genel olarak 6rnek-
lerin 0,018-0,055 mg/kg dizeyinde tetrasiklin icerdigi ancak bazi
orneklerdeki s6z konusu kontaminant dizeyinin 0,100 mg | kg'i
astigi bildirilmigtir."

Hammel ve ark'” tarafindan farkli cografi orijin (ABD, Asya,
Avrupa) ve farkh bal tlrleri (cigek, orman, akasya, aygicedi,
yonca, ¢cam adaci) potansiyel kimyasal kirleticiler agisindan sivi
kromatografi-elektrosprey iyonizasyon tandem kitle spektro-
metresi (LC-ESI-MS/MS) ile incelenmistir. Arastirmada toplam
42 veteriner ilag kalintisi (5 tetrasiklin, 7 makrolid, 3 aminogli-
kozit, 8 p-laktam, 2 amfenikol ve 17 sulfonamid) incelenmistir.
Bal 6rneklerinin cogunun birden fazla antibiyotik ile kontamine
oldugu belirtilmistir.

Johnson ve ark* Hindistan’da 12 farkli bal 6rnegdini; oksitetrasiklin,
kloramfenikol, ampisilin, siprofloksasin, enrofloksasin ve eritro-
misin kalintisi yéniinden test etmistir. incelenen tim érneklerde
aranan antibiyotiklere ait farkli oranlarda kalintiya rastlanmistir.
incelenen &rneklerde enrofloksasin pozitif érnek ylizdesi %83
olarak belirtilirken, en disik kontaminasyon ylzdesi, %8 ile
siprofloksasin kontaminasyonu seklinde rapor edilmistir.

iran ‘da yapilan bir caligmada farkli mevsimlerde temin edilen
135 bal 6rnedinde enroflaksasin, penisilin, kloramfenikol, genta-
misin, tilozin, tetrasiklin ve stlfonamid dizeyleri arastirilmistir.
Buna gore antibiyotik diizeyinin 0-72,1 ng/g araliginda degistigi,
ballarda en sik rastlanan antibiyotigin enroflaksasin oldugu ve
orneklerin %14’Unln 0,2-6,2 ng/g dizeyinde tetrasiklin icerdigi
saptanmigtir.®

Literatlirde aminoglikozitlerin diger veteriner ilaglarindan farkl
fizikokimyasal 6zelliklere sahip oldugu ve tanimlanmalarinin
zor oldudu bildirilmektedir.® Bu ¢aligmada neomisin belirlene-
memesi bu duruma baglanabilecedi gibi Ureticilerin bu anti-
biyotigi tercih etmemeleri ile de iligskilendirilebilir. Esasinda bu
calismada neomisin diizeyinin belirlenmesinde kullanilan ELISA
kitinin minimum belirleme dozunun (15,63 ng/mL) ¢ok dustk
oldugu dikkate alindiginda bu antibiyotigin kullanilmama olasi-
liginida artirmaktadir.

Literatlirde balda neomisin dizeyinin belirlendigi bir cals-
mada'® elde edilen sonuglar bu g¢alisma bulgulari ile benzerlik
gOstermektedir.

Gin'deki slipermarketlerden temin edilen ballarda LC-ESI-MS/
MS yontemi ile neomisini de igeren 13 farkli aminoglikozitin

analizi yapilmis bal érneklerinde bu bilesiklerin belirlenemedigi
bildirilmistir.'®

Aminoglikozid grubu bir antibiyotik olan streptomisinin de belir-
lendigi bir calismada®® Hindistan'da ari kovanlarindan toplanan
nektar ve bal drnekleri antibiyotik kalintilari yoniinden analiz edil-
mistir. Nektar ve bal 6rneklerinde sirasiyla 4-17 ve 11-29 ug/kg
streptomisin, 2-29 ve 3-44 ug/kg ampisilin ve 17-34 ve 26-48 ug/
kg kanamisin tespit edilirken bdlgede aricilik yapan dreticilerin
yogun antibiyotik kullandigr ifade edilmigtir.

Sonug olarak bu calismada, incelenen bal érneklerinin 6nemli bir
kisminin tetrasiklin kalintisi icerdigi belirlenmistir. Bu durum bal
tlketicilerinde olasi saglik problemlerine yol agabilir. Halk sag-
iginin korunmasi icin ulusal kalinti izleme plani gergevesinde
veteriner ilaglarinin satis ve kullaniminin denetlenmesinin biyik
onem tasidigr sonucuna variimigtir. Ayrica bal Ureticilerinin bal
Uretiminde antibiyotik kullaniminin yasal olmadigi hususunda bil-
gilendirilmeleri gerektigi distintlmektedir.
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Accurate and rapid diagnosis of disease agents is the most important step in terms of control
practices. Chromogenic media are culture media that allow the formation of colonies in colors
specific to target microorganisms. Because they are target-specific, they do not require valida-
tion of results but provide ease of use and time savings. In this study, it was aimed to evaluate
the effectiveness of a chromogenic medium (Pasteurella BDR kit) in the detection of Pasteurella
multocida and Mannheimia haemolytica agents in the Pasteurelleceae family, which cause respi-
ratory disease in cattle. In this study, nasal swab samples taken from calves showing symptoms
of respiratory disease were cultured in chromogenic and standard media. Suspicious growing
colonies were confirmed by polymerase chain reaction for P multocida and M. haemolytica. While
31 (36.9%) samples formed colonies with the chromogenic medium in the color specific to the
target bacteria, 28 (33.3%) samples were positively determined for the target bacteria using the
standard cultural method. The results of 26 samples were positive by both cultural diagnosis
methods. When the results were compared with the traditional cultural diagnosis, agreement
was found to be 92.86%. All colored colonies grown on the chromogenic medium were also tested
by polymerase chain reaction (PCR). It was determined that the chromogenic medium detected P
multocida at a rate of 92.86% (n=26) and M. haemolytica at a rate of 100% (n=2) by forming colo-
nies with a family-specific color. As a result, it was concluded that the use of chromogenic media
is beneficial in the practical, rapid, and high-accuracy diagnosis of target agents.

Keywords: Chromogenic medium, Pasteurella, bovine respiratory disease, culture

0z

Hastalik etkenlerinin dogru ve hizl teshisi, kontrol uygulamalari agisindan en énemli basamak-
tir. Kromojenik besiyerleri hedef mikroorganizmalara 6zgli renkte kolonilerin meydana gelmesini
saglayan kiltir ortamlaridir. Bunlar hedefe 6zgti olduklarindan sonuglarin dogrulama ihtiyaci duy-
mamakla birlikte, kullanim kolayli§i ve zaman tasarrufu saglarlar. Bu galismada, sigirlarda solumun
hastaliina neden olan Pasteurelleceae ailesinde bulunan Pasteurella multocida ve Mannheimia
haemolytica etkenlerinin tespitinde, kromojenik besiyerinin (Pasteurella BRD Kit) etkinligini
degderlendirmek amaglandi. Calismada solunum hastaligi belirtisi gosteren buzagilardan alinan
nasal svap ornekleri kromojenik ve standart besiyerlerinde kiiltiire edildi. Ureyen siipheli kolo-
niler Pasteurella multocida ve Mannheimia haemolytica yoniinden Polimeraz Zincir Reaksiyonu
(PCR) ile dogrulandi. Kromojenik besiyeri ile 31 (%36,9) numune, hedef bakterilere 6zgli renkte
koloni olustururken, standard kdltirel yontem ile 28 (%33,3) numune hedef bakteriler yoniinden
pozitif olarak belirlendi. Her iki kilttrel tani yontemiyle 26 numunenin sonuglari pozitif olarak tes-
pit edildi. Sonuglar geleneksel kilttirel tani ile karsilastirildiginda %92,86 oraninda uyumlu sonug
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bulundu. Kromojenik besiyerinde treyen renkli kolonilerin tamami PCRile de test edildi. Kromojenik besiyeri P multocida’y1 %92,86
(n:26), M. haemolytica’yt %100 (n:2) oraninda aileye 6zgl renkte koloni meydana getirme suretiyle tespit ettigi belirlendi.

Sonug olarak, hedef etkenin pratik, hizli ve yliksek dogrulukla teshisinde kromojenik besiyerinin kullaniminin yararli oldugu kanisina

varildi.

Anahtar Kelimeler: Kromojenik besiyeri, Pasteurella, sigir solunum hastaligi, kiltlr

INTRODUCTION

Following the rapid and accurate diagnosis of microorganisms
causing disease in animals, the implementation of an appropriate
control program is important in many ways, such as preventing
epidemics, protecting animal welfare, and reducing antimicrobial
resistance and economic losses affecting animal health and wel-
fare worldwide."® The etiology of the disease, which is an impor-
tant cause of death in cattle, is multifactoral, and bacterial agents
such as Pasteurella multocida, Mannheimia haemolytica, and
Mycoplasma bovis act as opportunistic pathogens and adversely
affect the prognosis, especially in calves.*® The diagnosis of
bovine respiratory tract disease is made by cultural, molecular,
or serological examination of samples taken from the animal.”®
These diagnostic methods are widely used and play an important
role in the investigation of the disease,*'"" but these methods
are time-consuming and require a well-equipped laboratory and
experienced personnel.

In recent years, highly specific chromogenic media targeting
pathogenic or resistant microorganisms have been developed for
rapid diagnosis and treatment of diseases.'>"*These media make
it possible to distinguish microorganisms according to colony
color, as they contain chromogenic substrates that allow the for-
mation of colonies with a color specific to the target microorgan-
isms. Compared to standard methods, these culture media are
easy to use and the results are easy to read, and the need for con-
firmation testing is less. In addition, chromogenic media provides
cost and time savings with high accuracy and sensitivity, as well
as fast and practical identification in samples where contamina-
tion is possible.?"5"" The performance of chromogenic media has
been evaluated in many studies, such as mastitis, urinary tract
pathogens, and the diagnosis of resistant microorganisms.®-2°

The aim of this study was to compare the performance of chro-
mogenic media in the isolation of P multocida and M. haemolyt-
ica with the standard cultural diagnosis method using nasal swab
samples from calves with respiratory tract disease.

MATERIAL AND METHODS

The study was carried out with samples brought to our laboratory
for diagnosis purposes. Nasal swab samples were taken from 84
calves with the suspicion of respiratory disease outbreak, such as
difficulty in breathing and coughing among young animals on a
farm. Samples in transport medium and cold chain were deliv-
ered to the Microbiology Department laboratory.

Microbiological Culture

Standard microbiological methods were applied to the samplesin
the laboratory for microbiological analysis. In summary, 84 nasal
swab specimens were seeded on 5% sheep blood agar and Mac-
Conkey agar (Merck, Germany) and incubated aerobically at 37°C
for 24-48 hours. The growing microorganisms were evaluated in
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terms of hemolysis features, Gram staining, and other biochemi-
cal features and their identifications were made.*

The samples were simultaneously cultivated of a selective and
chromogenic medium (Pasteurella BRD Kit, Arbilim Biyoteknoloji,
Turkiye) developed to facilitate the detection of Pasteurellaceae
and incubated at 37°C for 24-48 hours under aerobic conditions.
On chromogenic media, members of the Pasteurellaceae family
form colonies ranging in color from pink to lilac, while inhibiting
coliforms form blue-steel-blue colonies. Other Gram (=) bacteria
are inhibited or form colorless colonies. The growth of yeasts and
Gram (+) microorganisms is suppressed.

Molecular Diagnosis

DNA Extraction

The boiling method was used for DNA extraction. Suspected bac-
teria were incubated aerobically overnight at 37°C in a brain heart
infusion medium (Merck), and 2 mL of bacterial suspension was
incubated at —20°C for 10 minutes. Then, the thawed suspension
was centrifuged and the pellet was homogenized with 200 pL of
ddH,O and boiled in a water bath for 10 minutes, and then the
centrifugation was repeated and the supernatant was stored at
4°C to be used for polymerase chain reactions (PCRs).?

Polymerase Chain Reaction Step

The reaction was performed according to the method reported by
Deressa et al.2® comprising a PCR mix, 1x PCR buffer (50 mM KCI,
10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,), 0.2 mM dNTP, 0.5 mM
P. multocida primers and 2 mM M. haemolytica primer, 2 units
of Tag polymerase and then the final product was prepared in a
volume of 25 L using 1 pL of template DNA as a sample (Table 1).

Table 1. Primers Used in PCR and Length of Amplification Product (Base pair)

Target Bacteria Pasteurella multocida Mannheimia haemolytica

Oligonucleotides GCTGTAAACGAACTCGCCC  GTTTGTAAGATATCCCATTT
(53" ATCCGCTATTTACCCAGTGG ~ CGTTTTCCACTTGCGTGA
Amplicon length 460 bp 1022 bp

The PCR amplification consisted of 30 cycles of 1 minute at 95°C,
1 minute at 48°C, and 30 seconds at 72°C, followed by 3 minutes
of pre-denaturation at 95°C.

In order to evaluate the PCR products, the presence of specific
bands of 460 bp for P multocida and 1022 bp for M. haemolytica
was investigated by running it on 2% agarose gel and staining it
with ethidium bromide.

RESULTS

In this study, the effectiveness of chromogenic medium in the
isolation of P multocida and M. haemolytica from nasal swab
samples taken from young animals with respiratory problems
was determined by comparing them with standard diagnostic
methods.
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Figure 1. Colony morphology of bacteria in Pasteurella BRD Kit. Pink-mauve colonies: Pasteurellaceae, blue-steel-blue colonies: Coliforms.

All of the 84 nasal swab samples from calves were seeded on
standard media and chromogenic agar simultaneously. A history
of antibiotic treatment was obtained in 16 (19.05%) of the sampled
calves. Although bacterial growth was observed in the blood agar
medium in all of the samples, growth was observed in 14 (16.66%)
samples on the MacConkey agar medium. While 2 of the growing
bacteria were identified as M. haemolytica, 28 (33.3%) of the sus-
picious colonies grown on blood agar were found to be positive
for P multocida according to standard identification methods
(Table 2). M. haemolytica-isolated samples (n=2) were also posi-
tive for P multocida, which was also isolated and identified from
2 of the samples (n=16) taken from animals that were started on
antibiotic treatment.

Atotal of 31(36.9%) specimens formed colonies (pink-lilac in color)
specific to the Pasteurellaceae family in cultivation on chromo-
genic medium (Figure 1). In the evaluation, 4 (4.76%) samples were
found to be suspicious and there were 49 (58.33%) negative sam-
ples (Table 2). Moreover, 5 samples found positive in the chromo-
genic medium were found to be negative by standard methods,
1 sample that was found to be positive by standard methods was
found to be negative in the chromogenic medium, and 1 sample
was suspicious. Of the samples, 30.95% (26) were found positive
with the same results in standard and chromogenic media, and
the agreement between the standard identification and chromo-
genic media was 92.86% (Table 2).

Bacteria found to be positive and suspicious by both cultural
methods (62 in total) were molecularly analyzed for M. haemolytica
and P. multocida by PCR. The PCR results were fully compatible
with the standard method. It was found that 28 (33.3%) samples
formed bands compatible with P multocida (Figure 2). Of these, 26
were positive, 1was negative, and 1 was suspicious on chromogenic
medium. Moreover, 2 samples were culturally and molecularly

identified as M. haemolytica, (Figure 3) and they were also positive
for P multocida. It was found that 5 of the PCR results were nega-
tive for P multocida and M. haemolytica, which produced a color
specific to the Pasteurellaceae family in chromogenic culture.

DISCUSSION

The animal and human upper respiratory tracts are home to a
wide variety of potentially pathogenic commensal microorgan-
ismsthat are in competition with each other. Among these micro-
organisms, which are defined as pathobionts, members of the
Pasteurellaceae family are commonly found.?#?® There are many
pathogenic species in this family, and P multocida and M. hae-
molytica cause fatal pneumonia, especially in calves younger than
6 months old and under stress.?#?627 |n this study, the diagnosis
performance of chromogenic medium developed to detect bac-
teria in the Pasteurellaceae family was tested and compared with
the standard culture method. When the results were compared, it
was seen that there was a high rate of agreement (92.86%).

Payne and Roscoe' compared the performance of 2 different
commercial chromogenic agars (chromID CPS and UriSelect),
which detect many important pathogens, such as Escherichia
coli, Proteus mirabilis, and Enterococcus spp., in clinical urine
samples (human) with standard culture at rates of 93% and 93.1%,
and obtained consistent results. In the current study, in which
the performance of the chromogenic medium developed for the
detection of agents in the Pasteurellaceae family was compared
with the traditional culture, the compatibility in the diagnosis of
nasal swab samples was 92.86%. Cole et al*® found 96.6% com-
patible results in their study where they compared cat and dog
urine samples with traditional culture using choromogenic tri-
plates (UTid+), which was developed for dairy culture purposes
and allows for the identification of many microorganisms, such
as E. coli, Staphylococcus spp., and Enterococcus spp. When the

Table 2. Results of the Pasteurella BRD Kit and Standard Cultural Diagnosis

Standard Culture Result

Pasteurella Pasteurella Negative Total
Pasteurella Kit growth result Positive count/percentage 26/30.95% 5/5.95% 31/36.9%
Negative count/percentage 1/1.19% 48/57.14% 49/58.33%
Suspect count/percentage 1/1.19% 3/3.57% 4/4.76%

Total/percentage

28/33.33%

56/66.66% 84/100%
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Figure 2. Pasteurella multocida polymerase chain reaction results:
M, ladder; N, negative control; P, positive control; 1-5, positive samples;
6 and 7: negative samples.

results were compared, despite the clinically compatible results, it
was thought that the small differences could have been caused by
many variables, such as the chromogenic environment and target
microorganisms, sampling method, researcher, and laboratory.
The performance of chromogenic media in rapid microbiological
identification of mastitis has been evaluated in many studies and
its importance in diagnosis has been demonstrated.”"®

The number of studies investigating the effectiveness of chro-
mogenic culture media in the detection of agents in respiratory
system diseases is limited.?® As a result of culturing 84 nasal
swab specimens in this study in chromogenic media, 31 (36.9%)
specimens formed a pink-lilac-colored colony specific to the Pas-
teurellaceae family (Figure 1). The results were consistent with
traditional cultural diagnosis and PCR. Many studies'®?62° have
concluded that, similar to the results of this study, chromogenic
environments will play an important role in clinical diagnosis in
terms of rapid screening of pathogens.

P. multocida and M. haemolytica are frequently isolated bacte-
rial agents in pneumonia.® Since the role of PCR in the accurate
and rapid detection of these agents is undeniable, suspicious
bacteria were examined by PCR for the presence of P multocida
and M. haemolytica. It was found that 26 samples were positive
for P multocida (Figure 2) and 2 samples were positive for P mul-
tocida and M. haemolytica. In these studies, the isolation rates
of the 2 pathogens were found in different numbers in healthy
animals and animals showing respiratory disease symptoms, and

Figure 3. Mannheimia haemolytica polymerase chain reaction result. M,
ladder; P, positive control; N, negative control; 1 and 2, positive samples.
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the complex etiological situation played a big role in this. How-
ever, these 2 bacterial agents were found to be significantly lower
in the healthy animals when compared to the sick animals.333-3
Tel and Keskin®® isolated and identified M. haemolytica at a rate
of 12.5% and P. multocida at a rate of 31.6% in their study with
240 pneumonic lung samples. In the current study, P multocida
was found at a rate of 33.3% and M. haemolytica was found at
a rate of 2.38% by PCR from 84 calves showing respiratory sys-
tem disease. Although the isolation rate of P multocida was close
to the findings of Tel and Keskin,*® the difference in the rate of
M. haemolytica was thought to be related to variables such as
age, geographical region, and sampling time (Figure 3).

One of the important aims of this study was to test the perfor-
mance of the chromogenic medium in detecting P multocida and
M. haemolytica. Of the 31 samples that formed pink-mauve colo-
nies specific to the Pasteurelleceae family on chromogenic media,
26 were identified as P multocida and 2 were identified as M. hae-
molytica by PCR. One of the 2 samples identified as P multocida
by PCR was identified as negative in the chromogenic medium,
and in the other, it was identified as suspicious. Based on these
data, it was observed that the chromogenic medium formed col-
onies with a family-specific color at a high rate of 92.86% (n=26)
for P multocida and 100% (n=2) for M. haemolytica.

There are many bacterial genera and species in the Pasteurella-
ceae family.®” Of the samples, 5 that formed colonies with a color
specific to the Pasteurellaceae family on chromogenic media
were found to be negative for P multocida and M. haemolytica
by PCR, and no evaluation was made in terms of other possible
factors.

As a result, chromogenic medium was used to detect P mul-
tocida and M. haemolytica from the nasal swabs of calves with
high accuracy. In the preparation and visual evaluation and read-
ing of the results, the use of chromogenic medium, which does
not require special training and gives results in a short time, was
found to be advantageous. Farms will benefit from accurate and
rapid diagnosis and treatment in places where contamination
is highly likely, which do not have equipped laboratories such as
clinics and sufficient specialized personnel. In addition, it has been
predicted that the use of such media will play an important role
in preventing unnecessary drug use and antimicrobial resistance.
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Research Article [ Arastirma Makalesi

Tavsanlarda Kronik Unilateral Kismi
Ureteral Obstriiksiyonun Diliretik Doppler
Ultrasonografi ile Degerlendirilmesi

Evaluation of Diuretic Renal Doppler Ultrasonography
Findings in Chronic Unilateral Partial Ureteral
Obstruction in Rabbits

oz

Bu deneysel calisma, kronik unilateral kismi treteral obstriiksiyonun (UO) tanisinda ditiretik kullaniminin renal
Doppler parametreleri tizerine etkisini degerlendirmek amaciyla yapiimistir. Yeni Zellanda Tavsaninda (n=10)
sol Ureter daraltilarak, kismi UO olusturuldu. Bébreklerin Doppler ultrasonografik degerlendirilmesi ile preope-
ratif ve postoperatif 1. ve 4. haftalarda rezistif indeks (RI), Rl farki (RI) ve Rl orani (RIr) elde edildi. Preoperatif sol
bobregin RI degeri ile kiyaslandiginda obstruktif (sol) bobredin RI degerinin, postoperatif 1. haftadaki artis is-
tatistiksel yonden énemliydi (P = ,04). Ditiretik uygulamasi sonrasinda non-obstruktif (sag) bébregdin ortalama
RI degderi, her iki postoperatif dlclim zamaninda azaldi ve buna bagli olarak obstruktif ve non-obstruktif bébrek
arasinda istatistiksel fark belirlendi (P < ,002). Obstruktif bébregin ortalama RI degerleri, postoperatif hem
dogrudan hem de ditiretik dlgtimlerde 0,70 esik degerini agsmadi. Postoperatif dlgiimlerde diliretik uygulamasi,
ortalama RIA'ni esik dederin (> 0,11) lizerine ¢lkmasini sagladi ve esik dederin (= 1,1) lzerinde olan ortalama
RIr'ni daha da arttirdi. Bu galismanin sonuglari, esik degeri asmayan tek tarafli yiiksek renal RI degerlerinde
ditrretik uygulamasinin, RIA’ni ve Rir'yi ylkselterek, kronik unilateral kismi UO’nun tanisal dogrulugunu artira-
bilecegini gostermektedir.

Anahtar Kelimeler: Doppler ultrasonografi, ditiretik, obstruktif Gropati, tavsan

ABSTRACT

The experimental study was conducted to evaluate the effect of furosemide on renal Doppler parameters in
the diagnosis of chronic unilateral partial ureteric obstruction. Partial ureteral obstruction (UO) was induced
by narrowing the left ureter in New Zelland Rabbits (n=10). Resistive index (Rl), Rl difference (RIA) and RI ratio
(RIr) values were obtained by Doppler utrasonographic (DU) evaluation of the kidneys preoperatively and the
1st and 4th weeks postoperatively. According to the mean Rl value of preoperaitve left kidney, the increase in
the mean RI value of the obstructive (left) kidney at the postoperative 1st week was statistically significant (P
< .04). After furosemide administration, the mean RI value of the non-obstructive kidney decreased at both
postoperative measurement times, and accordingly, a statistical difference was determined between the ob-
structive and non-absturctive kidneys (P < .002). The mean RI values of the postoperative measurement did
not exceed the 0.70 threshold for both direct and diuretic measurements. At the postoperative measurement
times, diuretic administration caused the mean RIA above threshold value (> 0.11) and further increased the
RIr, which was above the threshold value (> 1.1). The results of this study demonstrate that diuretic administra-
tion can increase the diagnostic accuracy of chronic unilateral partial UO by increasing RIA and RIr in unilateral
high renal Rl values that do not exceed the threshold value.

Keywords: Doppler ultrasonography, diuretic, obstructive uropathy, rabbit

veyatam, unilateral veya bilateral, akut veya kronik,
statik veya dinamik ya da intraluminal, intramural
veya ekstramural olarak siniflandirilabilir.

GiRiS
Uriner bdlgenin ana patolojilerinden birisi olan tire-
teral obstriiksiyon (UO), idrar akiginin farkli etiyolo-

jik nedenler ile kisitlanmasi veya engellenmesi so-
nucunda Uremik krize, bobrek ve Ureter yapisinda
degisime ve bobrek islevinde kayba neden olabilir.
Bu hastalik, yapisal empedans olarak tanimlanan
obstruktif Gropati ile sonuglanabilir. Bu empedan-
sin bir sonucu olarak, bobrekte hasara neden ola-
cak pelvikalisiyel dilatasyon meydana gelir ve bu
dilatasyon tlrU (obstruktif dilatasyon) hidronefroz;
obstruktif Gropatiden dolayr bobrekte olusan ha-
sar da obstruktif nefropati olarak adlandirilir! Ure-
teral obstriiksiyon dogmasal veya edinsel, kismi

Unilateral ve kismi UO'da kollateral bobregin islevi
normal ise hastada azotemi olugmayabilir, hasta sa-
hipleri tarafindan renal kolik fark edilemeyebilir ve le-
tarji, anoreksi, kusma, kilo kaybi gibi diger non-spe-
sifik klinik bulgular da tani konulmasi igin yetersiz
kalabilir. Bundan dolayi evcil hayvanlarda obstruktif
Uropati siklikla kroniklesme egiliminde olup, tani
konuldugunda ozellikle kollateral bobrekte de iglev
kaybi varsa, hastanin durumu ciddidir.® Bu tir olgu-
larda bobrek morfolojisinin degerlendirilmesi kadar
her iki bobregin islevinin de bilinmesi dnemlidir.
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Ureteral obstriiksiyonun tanisindan farkl gériintiileme yontem-
leri kullaniimaktadir: intraventz pyelografi, antegrad pyelografi,
bilgisayarli tomografi, manyetik rezonans goriintiileme, gri-skala
ultrasonografi (US), Doppler US.*® Gri-skala ve Doppler US harig,
bu tani yontemlerinin ana dezavantaji iyonize radyasyon ve ra-
diokontrast madde kullaniimasidir.? Gri-skala ultrasonografi ile
bébrek morfolojisi degerlendirilerek UO tanisi konulabilir. Ancak
bobrek korteks kalinliginda degisim yoksa , toplayici sistemde di-
latasyon gorilmiyorsa ve/veya akustik golge vermen obstruktif
lezyon saptanmiyorsa, bu goriintiileme yontemi yetersiz kalir. Di-
Jer taraftan asiri mesane dolgunlugu gibi bazi fizyolojik durum-
larda veya pyelonefritis gibi medikal renal hastaliklarda, obstrik-
siyondan bagdimsiz olarak renal toplayici sistemde ve Ureterde
non-obstruktif dilatasyon belirlenebilir. Bundan dolayi, gri-skala
US, ozellikle deneyimsiz uygulayicilari hatali taniya sirikleye-
bilir®” Sadece bobrek morfolojinin degil, ayni zamanda obstruk-
tif Gropatiden dolayi olugan bobrek perflizyonundaki degisim de
Doppler US ile degerlendirilerek bobrek islevi hakkinda bilgi elde
edilebilir .2 Bu amag dogrultusunda en yaygin kullanilan Doppler
US parametrelerinden birisi de rezistif indekstir (RI).°

Bu calismada kronik unilateral kismi UO’nun tanisinda dilretik
kullaniminin RI, RI farki (RIr) ve RI orani (RIr) Uzerine etkisinin de-
gerlendirilmesi amaglanmistir.

MATERYAL ve METOT

Hayvanlar ve Etik Kurul Onayi

CGalismanin hayvan materyalini, Lalahan Arastirma Enstitlisiinden
(Lalahan-Ankara) temin edilen Yeni Zellanda irki, ortalama 3,25 kg
agirhgindaki saglikli, yetiskin 10 erkek tavsan olusturdu. Tavsanlar
25°C’de, 12 saat karanlik/igik aydinlatma ortaminda ayri kafesler-
de standart yeme ve suya serbest erisimleri saglanacak sekilde
barindirildi. Bu deneysel calisma, Ankara Universitesi Veteriner
Fakultesi Etik Kurulunun uygun gérmesi ile yapildi (Tarih: 06 Tem-
muz 2004, Protokol Numarasi: 2004-35).

Kismi UO’un olusturulmasi ve intravendz pyelografi (iVP) ile
dogrulanmasi

intramuskiiler xylazine HCI (20 mg/kg, Alfazine® EgeVet, Tiirkiye)
ve ketamine HCI (50 mg/kg, Alfamine®, Pfizer, Tlrkiye) anestezi-
si altindaki tim hayvanlara laparotomi yapildi. Sol Ureterin orta
kismi agiga cikarildi, limeni igerisine 24 gauge’lik (0,7 mm ) an-
jiyoket yerlestirildi ve disaridan 4-0 emilmeyen iplikle (Polyester,
Ti-Cron™, Tirkiye) baglanarak, Ureter 0,7 mm’lik capta daraltildi
ve boylece kismi UO olusturuldu (Sekil 1). Anjiyoketin silikon kis-
mi uzaklastirildiktan sonra linea alba, derialti doku ve deri primer
kapatildi.

Postoperatif 1. haftada kismi UO’un varli§ini dogrulamak igin ivVP
yapildi. lyonik kontrast madde (sodyum-meglumin amidotrizoat;
Urografin % 76; Schering, Almanya), 880 I/kg dozunda intravenoz
yolla uygulandi. Uygulama sonrasindaki 2 saat igerisinde 40 daki-
kalik periyotlar ile sol lateral (L) ve ventrodorsal (VD) pozisyonda
radyogramlar alindi. Unilateral kismi UO, bobregin toplayici siste-
minde ve proksimal Ureterde dilatasyonun, obstriiksiyon yerinin
ve distal Ureterin izlenmesi ile dogruland (Sekil 2). Bu 3 kritere
uyan 10 hayvana renal Doppler US yapildi.

Doppler US parametrelerin dl¢iilmesi

Renal Doppler US'de (ESAOTE, AU5 model, Esaote Biomedica,
Genova, italya) multifrekans (7,5-10 MHz) 6zelligine sahip lineer
prop kullanildi. Preoperatif ve postoperatif 1. ve 4. haftalarda yapi-
lan Doppler US incelemelerinde duvar filtresi ve 6rnekleme araligi
asgari diizeyde tutuldu ve dlglimler 60° ile yapildi. Postoperatif
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Sekil 1. a, b. A- Retroperitoneal bosglukta sol Ureterin kranialden (Cr)
kaudale dogru seyri (oklar) . B- Diseke edilen Ureter, askiya alindiktan
sonra limenine yerlestirilen anjiyoketin 0,7 mm’lik ¢api Olclstinde
disarindan uygulanan ligattrle daraltilmasi.

Sekil 2. a, b.

intravendz Urografi ile unilateral kismi (reteral
obstriiksiyonun dogrulanmasi. Postoperatif 1. haftada intravenoz
trografinin 120. dakikasinda elde edilen sol lateral (A) ve ventrodorsal
(B) radyogramlarda bobregin toplayici sisteminde (beyaz kalin ok) ve
proksimal (ireterde (beyaz ok) dilatasyon izlenmektedir. Ureterdeki
obstriiksiyon yeri, kesikli beyaz okla ve normal captaki distal Ureter ise
siyah oklarla gosterilmektedir. L, sol taraf.

Olgim zamanlarinda 1 mg/kg dozunda intravenoz furosemid (La-
six®, Sanofi, Sisli-istanbul) uygulamasindan énce ve sonra duplex
Doppler US ile elde edilen spektral drnekler, her iki bébregin g
farkl yerindeki aa. arcuatae veya aa. interlobares’lerden alindi. Bu
arteriyel spektrumdan en ytksek sistolik (PSV) ve en dislk dias-
tolik (EDV) hizlar belirlenerek, RI dederi [(PSV — EDV) | PSV] elde
edildi. RI farki (A) (obstruktif bébregin Rl dederi — non-obstruktif
bbbredin RI degeri) ve Rl orani (r) (obstruktif bobredin RI degderi
| non-obstruktif bobredin Rl degeri) hesaplandi. Her bébregin g
farkli yerinden elde edilen Doppler parametrelerinin ortalamasi,
istatistiksel degerlendirmede kullanildi.

Kronik unilateral kismi UO’un Doppler US tanisinda esik deger ola-
rak Rlicin > 0,70, RIA igin > 0,11 ve RlIr i¢in > 1,1 kabul edildi.®

istatistiksel Analiz

t-testi ve tekrarlayan olgiimlerle 2-yollu ANOVA Statistical Packa-
ge forthe Social Sciences software 10.0 (IBM Inc, Chicago, IL, USA)
kullanilarak ortalama RI degerlerinin tim &lglim zamanlari arasin-
daki ve her 6lclim zamani igin obstruktif (sol) ve non-obstruktif
(sag) bobrekler arasindaki fark degerlendirildi. P < ,05 istatistiksel
onemde kabul edildi.

BULGULAR

Olgim zamanlarina gdre ortalama RI, RIA ve RIr degerleri Tablo
1'de sunulmustur. Sol ve sag bobreklerin preoperatif ortalama RI
degerleri arasinda istatistiksel fark saptanmadi. Preoperatif orta-
lama RI degerlerine gore postoperatif ddnemlerde dogrudan ol-
climle elde edilen ortalama RI degderi obstruktif (sol) bébrekte art-
masina ragmen, sadece postoperatif 1. haftadaki fark Snemliydi (P
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Tablo 1. Olgiim zamanlarina ve diiiretik uygulamasina gére Doppler ultrasonografi parametreleri

Olgiim zamanlar

Postoperatif (hafta)
1 4
Parametreler Bobrek Preoperatif Dogrudan Diiiretik Dogrudan Diiiretik
RI L 0,51+0,02 0,62+0,03* 0,59+0,01" 0,59+0,01 0,59+0,017
R 0,50+0,02 0,54+0,02 0,44+0,02 0,52+0,01 0,45+0,01
RIA - 0,09+0,02 0,16+0,03 0,07+0,02 0,14+0,02
RIr - 1,19+0,02 1,34+0,03 1,13+0,02 1,32+0,03

Veriler, ortalamasstandart deviasyon olarak sunulmustur. RI: rezistif indeks, RIA: RI farky, Rlr: RI orany, L: obstruktif (sol) bobrek, R: non-obstruktif (sag) bobrek.
*Aym satirda preoperatif ve postoperatif ortalama RI degerleri arasindaki istatistiksel fark, P < ,04. tAym siitunda obstruktif ve non-obstruktif ortalama RI degerleri arasindaki istatistiksel fark, P <,002.

" 0891207009

3 20
[ (% OBSTET] [§ CARDIA| [§ REPORT] (3 ARNOT |

Sekil 3. a, b. A- Retroperitoneal boslukta sol treterin kranialden (Cr)
kaudale dogru seyri (oklar) . B- Diseke edilen Ureter, askiya alindiktan
sonra limenine yerlestirilen anjiyoketin 0,7 mm’lik ¢api Olclsiinde
disarindan uygulanan ligattrle daraltiimasi.

= ,04). Non-obstruktif (sag) bobredin preoperatif ile postoperatif
donemlerinde dogrudan dlglimle elde edilen ortalama RI degerle-
ri arasinda onemli fark tespit edilmedi. Diliretik uygulamasi son-
rasinda obstruktif bobredin ortalama RI degderleri dedismezken,
non-obstruktif bobregdin ortalama RI degerleri, her iki postoperatif
olclim zamaninda da azaldi ve bdylece obstruktif ve non-obstruk-
tif bobreklerin ortalama RI dederleri arasinda istatistiksel fark be-
lirlendi (P <,002). Postoperatif dénemlerde ditiretik uygulamasina
badli ayni taraftaki bobreklerin ortalama RI dederleri arasinda fark
belirlenmedi. Postoperatif donemlerde obstruktif bobredin orta-
lama Rl degerleri, hem dogrudan hem de dilretik dlgimlerde 0,70
esik degerini agsmadi (Sekil 3). Ortalama RIA, sadece diliretik uy-
gulamasi sonrasindaki postoperatif lglimlerde 0,11 esik dederinin
Uzerine ¢ikarken, dogrudan dlglimlerde 1.1 esik dederinin tzerinde
ortalama RIr dederi daha da artti. Postoperatif donemde dogru-
dan ve dilrretik olgctimler ile elde edilen Doppler parametrelerinde
zamana goére degisimin onemli yoktu.

TARTISMA

Bobregin toplayici sisteminde dilatasyon ile iligkili perflizyon degi-
simleri Doppler US kullanilarak degerlendirilebilir. Bu amagla hem
insanlarda hem de hayvanlarda renal hastaliklari degerlendirmek
icin RI degeri kullaniimaktadir.'®*2 Yiiksek renal RI degerleri (> 0.65)
siddetli renal fibrozis ve bdbrek islevinde azalma ile iliskilidir.® ila-
veten renal cerrahi 6ncesinde elde edilenRI degerleri ile bobrek
islevinin geri kazanilabilirligi arasinda pozitif korelasyon oldugu
da gosterilmistir.* Bu indeks, bobrek hasari igin 6zel bir belirtegtir
hem de bobrek islevinin prognostik bir indikatoridur.® Obstruktif
Uropatinin Doppler US ile de§erlendirilmesinde > 0,7, renal Rl igin
esik dederdir® Yine de obstruktif Gropatinin degerlendirilmesin-
de kullanilan renal RI’'nin bazi sinirlari vardir: i- obstriiksiyondan 6
saat sonrayiksek Rl dederlerinin elde edilmesi, ii- obstriiksiyonun
siddet derecesi yiksekse veya obstriiksiyon slresi 12 saati agmig-
sa 0,7’nin altinda renal RI degerlerinin saptanmasi, iii- kismi UO'da
referans aralikta renal RI degerleri saptanmasl.>*""® Sunulan ¢a-
lismada preoperatif degerlere gore her iki postoperatif dogrudan

Olgim zamaninda ylksek RI dederleri elde edilmesine ve 1 hafta-
da istatistiksel fark (P < .04) belirlenmesine ragmen ortalama R,
0,7 esik dederini agmadi. Bununla birlikte postoperatif dogrudan
Olgim zamanlarindaki ortalama RIA degerleri, unilateral UO igin
esik sinir olarak kabul edilen 0,1 dederinin altindaydi. Obstruktif
dilatasyondan non-obstruktif dilatasyonu ayirt etmekte RIr igin
esik deder olarak > 1.1'® daha yaygin kullanilmasina ragmen, Riahi-
nezhad ve ark.2° > 1.08 dederinin % 83 spesifiteye sahip oldugunu
bildirmistir. Sunulan ¢alismada postoperatif dogrudan 6lgim za-
manlarindaki RIr degerleri 1.13’e esit veya Uzerindeydi.

Diliretik uygulamalari, hem non-obstruktif hem de obstruktif
bdbregin RI degerini olumlu yonde degistirdigi ve ayni zamanda
kismi UO’da anlamli olmayan Doppler US parametrelerini taninin
konmasinda kullanilabilecek diizeye getirebildigi bildirilmigtir.®!
Akut™® veya kronik* unilateral kismi UO ¢alismalarinda diliretik
uygulamasinin, taniya olumlu yonde katkida bulunacak sekilde
RIA degerini degistirdigi gosterilmistir. Sunulan galismada posto-
peratif dogrudan olciimlerde esik dederin altindaki (< 0,1) RIA de-
geri, ditretik uygulamasina bagli olarak postoperatif hem 1. hem
de 4. haftalarda esik degerin Uzerine ¢iktl. Ayni zamanda diliretik
uygulamasi, esik degerin Gizerinde olan Rir dederinin daha da yUk-
selmesine neden oldu. Dilretik uygulamasinin bu iki degder Uze-
rindeki olumlu etkisi, Yokoyama ve ark’dan? farkli olarak, obstriktif
bbbrek Rl dederlerinde dedisime neden olmadan, hem erken kro-
nik (1. hafta) hem de geg kronik (4. hafta) donemlerde non-obst-
ruktif bobrekteki ortalama RI dederlerini dliglirmesinden kaynak-
lanmaktaydi. Ancak zamana gore dilretik uygulamasinin Doppler
parametreleri Gzerine etkisi olmadi.

Sonug olarak, unilateral kismi UO’nun Doppler US degerlendiril-
mesinde bir tani kriteri olarak renal Rl igin 0,7 esik sinirin tek ba-
sina yetersiz kaldigi gorildi. Yine de, tek tarafli yiksek renal RI
degerleri belirlenen UO slipheli olgularda ditiretik uygulamasi, RIA
ve RIr degerlerinin esik degerlerin Uzerine ¢ikmasini saglayarak,
kronik unilateral kismi UO’nun tanisal dogrulugunu artirabilir.
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Research Article [ Arastirma Makalesi

Systemic Effect of Metformin on Bone Healing at
Bone Defect in Rabbits Using Radiographical and
Serum Alkaline Phosphatase Assessment

Kemik Defektli Tavsanlarda Metforminin Kemik
lyilesmesi Uzerindeki Sistemik Etkisinin Radyografik ve
Serum Alkalin Fosfataz Kullanilarak Degerlendirilmesi

ABSTRACT

Clinical therapy for disorders of bone healing present serious challenges. The delivery of the bone filling mate-
rials necessitates surgical implantation at the fracture site, which could lead to local complications. As a result,
taking osteogenic medications will offer a great way to heal bone lesions. Increased osteoblasts and decreased
osteoclasts are 2 ways that metformin has an osteogenic impact. The aim of the study is to determine the
systemic impact of metformin on bone healing at the site of a bony defect using radiographic and serum alka-
line phosphatase testing. A total of 20 mature male rabbits, divided into 2 groups of 10 each for the treatment
group and the control group, were utilized. All rabbits underwent identical surgical procedures under general
anesthesia. Two holes that were 3 mm in diameter and 3 mm deep were created and left empty after the fe-
mur has been surgically exposed. The study was conducted over 28 days. The rabbits in the treatment group
received 50 mg/kg of metformin orally daily for 28 days. The animals were sacrificed at 2 different time points,
according to their groups, on the 14th and 28th day after surgery. Bone samples from the defect site of the fe-
mur were isolated, sectioned, assessed radiographically, and blood was drawn for serum alkaline phosphatase
measurement. There was an increase in bone mineral density and osseointegration. In addition, serum alkaline
phosphatase increased in the animals of the group treated with metformin than in the control group at both
study time periods. Metformin increases bone healing and regeneration at the bone defect sites and enhances
the process of osteogenesis and osseointegration more than the control untreated rabbits.

Keywords: Bone mineral density; bone defect; bone healing; metformin; serum alkaline phosphatase

6z

Kemik iyilesme bozukluklarinin klinik tedavisi ciddi zorluklar barindirir. Ancak, kemik dolgu malzemelerinin
uygulanmasi yaralanma yerinde cerrahi implantasyon gerektirir, bu da yerel komplikasyonlara yol acabilir. Bu
nedenle, osteojenik ilaglari almak kemik lezyonlarinin iyilesmesine yardimci olacaktir. Artan osteoblast ve aza-
lan osteoklastlar metforminin osteojenik etkisini temsil eden iki yoldur. Calismanin amaci, metformin uygu-
lamasinin kemik defekti bolgesinde kemik iyilesmesi lizerindeki sistemik etkisini radyografik ve serum alkalin
fosfataz testleri kullanarak belirlemektir. Calismada, toplam 20 yetiskin erkek tavsan onarli iki gruba bollinerek
kullaniimistir. Tavsanlarin tamami genel anestezi altinda ayni cerrahi prosediire maruz kaldilar. Femur cerrahi
olarak ekspoze edildikten sonra tzerine 3 mm c¢apinda ve 3 mm derinliginde iki delik acildi ve delikler bos
birakildi. Calisma 28 gtin stirdt. Calisma grubundaki tavsanlar, operasyonun ardindan 28 glin boyunca glinde
50 mg/kg oral metformin aldi. Hayvanlar arastirmadaki numaralarina ve gruplarina gore iki farkli zaman ara-
liginda, operasyondan sonraki 14'lincii ve 28'inci glinlerde sakrifiye edildiler. Femur defekt bolgesinden alinan
kemik 6rnekleri, ayristirildi, kesildi, radyografik olarak degerlendirildi ve serum alkalin fosfataz 6lgimu igin kan
alindi. Metformin alan hayvanlarin kontrol grubuna kiyasla galisma zamanlarinin her ikisinde de kemik mineral
yogunlugu ve osseointegrasyon artisi oldugunu ve ayrica serum alkalin fosfataz artigi oldugunu gostermistir.
Sonug olarak, metformin, kontrol grubunda tedavi uygulanmayan tavsanlara kiyasla kemik defekti bolgesinde
kemik iyilesmesini ve yenilenmesini artirmakta ve osteogenezis ve osseointegrasyon siirecini daha fazla
glclendirmektedir.

Anahtar Kelimeler: Metformin, BMD, serum alkalin fosfataz, kemik iyilesmesi, kemik defekti

INTRODUCTION

Bones provide a structural function and cover
vital organs. In addition, bones serve as storage
for minerals and growth factors as well as a site
for the creation of blood cells. Their physiolog-
ical function is closely linked to the presence of
stem cells, which are crucial regulators of cell
activities.!

One of the most frequent traumatic injuries is
a bone fracture. Although the majority of minor
fractures recover within a few weeks, 5% to 10%
of long bone fractures take 6-8 months to heal
properly. Current therapies, including autologous
bone transplants, intramedullary nails or fixation
plates, and bone morphogenetic protein (BMP)-
based therapy do not always enable full bone res-
toration.?
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Bone regeneration can occur either by endochondral ossifica-
tion or by intramembranous ossification processes. Mesenchy-
mal stem cells (MSCs) immediately differentiate into osteoblasts
upon intramembranous ossification, which leads to the deposi-
tion of mineralized extracellular matrix. Endochondral ossification
goes through stages such as inflammation, development of soft
to hard callus, and remodeling of the fracture site.?

Bone is a highly dynamic tissue. Maintaining homeostatic bone
metabolism and skeletal strength requires a series of coordinat-
ed steps known as “bone remodeling.” Clinical judgments, radio-
graphic analyses, and serological tests are used to evaluate bone
healing.® Malignant bone tumors and serious trauma can remove
a considerable amount of bone, resulting in severe bone defect.
In addition, bone abnormalities that necessitate bone augmen-
tation treatments are typically present with fractures sustained
from high energy trauma and osteoporotic fractures.®

Several drugs with very different indications and exhibiting a pleio-
tropic spectrum of actions are used to target the local and system-
ic regulation of bone metabolism. These include antihyperlipidemic
drugs such as (HMG-CoA reductase inhibitors), antihypertensive
drugs (such as ACE inhibitors), drugs for osteoporosis (bisphos-
phonates), cancer drugs (inhibitors proteasome), and other drugs.”
Metformin works by preventing the production of hepatic gluco-
neogenesis, increasing the density of low and high affinity insulin
receptors, and lowering resistance to the peripheral effects of insu-
lin.2 Metformin treatment for diabetic patients has been shown to
reduce TNF expression. The pharmacological action of metformin
goes beyond simple glycemic control, decreasing the markers of
inflammation, and contributing to the reduction of oxidative stress
with a confirmed anti-inflammatory effect.® In the setting of chron-
ic periodontal inflammation, MSCs have a significantly reduced po-
tential for osteogenic differentiation. A highly effective strategy to
stimulate or restore the osteogenic potential of MSCs in an inflam-
matory environment remains an unrealized goal.”°

Metformin belongs to a group of drugs known as biguanides,
which work well both alone and in conjunction with other hypo-
glycemic medications. Metformin is typically well accepted, has
few adverse effects, and is relatively inexpensive." Therefore, this
study focuses on the effect of metformin on bone regeneration.

During the maturation and mineralization phases of the newly
formed osteoid, alkaline phosphatase (ALP), which can be detect-
ed in serum, is secreted into extracellular fluid by osteoblasts.
However, only around 50% of the ALP activity in healthy people’s
blood is derived from bone, with the remaining 50% largely com-
ing from the liver. The bone-derived isoform (BALP) can be more
specifically detected by some techniques.”?

MATERIALAND METHODS

Experimental Model

Twenty adult male New Zealand rabbits weighing 1.75 kg to 2 kg
and aged between 6 and 8 months were utilized. The animals
were sacrificed at the end of the experiments (at 14 and 28 days)
using an overdose of general anesthesia (ketamine 200 mg/kg +
xylazine 40 mg/kg)®™. The study was carried out in agreement with
the Institutional Animal Research Ethics Board’s guidelines as of
June 19, 2022 (UoM.Dent/A.L.58/22).

Medication
The drug used in this study is metformin tablets 500 mg (the
smallest dose available to control the administered dose)
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Figure 1. Glucophage®metformin 500 mg) tablets | prepared liquid
metformin.

produced by the well-known German brand company, MERCK un-
der the trade name, Glucophage.

Metformin in Irag and most of countries is available as tablets
only. Therefore, we were prepared it in the form of liquid by fine
grinding of the tablets to obtain fine powder. Each 500 mg tab-
let was ground alone; the resultant fine powder of this tablet was
filled into a hard gelatin capsule to control the amount of drug
(500 mg per capsule). For oral administration of the drug, the con-
tent of each capsule was dissolved in 10 mL of distilled water with
vigorous shaking for at least 2 mins to obtain homogenous solu-
tion containing 500 mg/10 mL of the drug (Figure 1). Though met-
formin is essentially insoluble in organic solvents like acetone,
ether, and chloroform, it is readily soluble in water.* Metformin
liquid was administered to the rabbits orally in a dose of 50 mg/kg
once daily using a feeding tube and pushed through a graduated
syringe to give the exact and accurate dose.”® The rabbits in the
treatment group received 50 mg/kg of metformin orally daily for
28 days.

Study Design

Group 1: Control group that received no medication (n = 10). This
group was subdivided into 2 groups of 5 rabbits for each period,
according to the sacrifice date (day 14 and 28 post-surgery).

Group 2: Treatment group that was systemically treated with
metformin (n = 10). After the surgical procedure, metformin was
administered orally in a once daily dose of (50 mg/kg) body weight
[15] using feeding tube. This group was subdivided into 2 groups
of 5 rabbits for each period, according to the sacrifice date (day 14
and 28 post-surgery).

Preparation of Animals for Surgery

All the 20 rabbits received anesthesia by intramuscular injection.
Each rabbit received an intramuscular injection of a mixture of
ketamine (KETALROM-50), 40 mg/kg and xylazine (Holland), 4 mg/
kg.le

Animal Surgical Procedure
After 20 mins, the animal gained anesthesia,” and the surgery was
performed on the left femur bone.

Two holes, 3 mm in diameter and 3 mm deep, were created in the
exposed femur diaphysis, using 2000 rpm low speed straight sur-
gical hand piece with a 3 mm round carbide bur and continuous
normal saline irrigation (Figure 2)."®
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Figure 2. Two holes were made in the femur bone of each of the 20
rabbits.

Figure 3. Suturing and disinfection of the wound

The bone defects (holes) were left empty without any material.
The wound was closed using a 3/0 black silk suture and rubbed
well with povidone iodine 10% as shown in (Figure 3).

Postoperative Care of Animals

After the surgical procedure, the animals were given oxytetracycline
20% injection (Limoxin-200 LA® [Holland]) as a prophylactic antibiot-
ic forwound healing, administered as a single daily dose of 0.5 mL/ kg
intramuscularly for 3 consecutive days from the operation day.

Criteria of the Study
Biochemical Criteria

Blood Sample Preparation

After the surgery, on days 14 and 28, the animals were sacrificed
and blood was drawn directly from the jugular vein. The serum
was then separated and stored until it was used for analysis of
serum ALP.

Determination of Serum Alkaline Phosphatase for Rabbits Us-
ing the Spectrophotometer
Materials Supplied:

The whole kit was stored in a refrigerator at temperatures be-
tween 2°C and 8°C until the time of analysis, during which the kit
should reach to room temperature (20°C-25°C).

Reagents:
1- Vial R1 (substrate-buffer):
Disodium phenyl phosphate 5 mmol/L

Carbonate-bicarbonate buffer pH 10 50 mmol/L
Stabilizer

2- Vial R2 (standard):
Phenol corresponding to 20 U king and kind

3- Vial R3 (blocking reagent) (Toxic)

4-amino antipyrine 60 mmol/L

Sodium arsenate 240 mmol/L

4-Vial 4 (dye reagent)

Procedure
Reagents and specimens were at room temperature. Tubes were
prepared as shown in Table 3.

Reagent 1 was prepared and incubated for 5 mins at 37°C. Re-
agent 2 was prepared and was let to stand exactly 15 mins at 37°C.

The reagents were mixed and then incubated for 10 mins at room
temperature and were stored away from light. Read absorbanc-
es of the blank specimen, standard, and assay at 510 nm against
reagent blank. Coloration was stable for 45 mins away from light.

Radiological Criteria

At the time of animal sacrificing, the site of bone defect (hole) and
around it in the femur bone were taken directly for radiographi-
cal examination. To assess the degree of bone development, the
specimens were examined using a digital radiography machine.

In this criterion, the linear measurement was not used, instead
the densitometric analysis were used to measure the bone min-
eral density at the desired area in the hole. (Figure 4).

RESULTS

Serum Alkaline Phosphatase
On day 14, serum ALP was measured for both groups. That of
the control group was used as a reference to compare with the
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Figure 6. Densitometric study of the femur bone hole in the control
group after 14 days.

Figure 7. Densitometric evaluation of the treated group’s 14-day
femur bone hole.

Table 2. Bone mineral density mean + standard error at different time periods.

14 days period 28 days period Group Time 14 days 28 days
Control group 1345+ 1.5 160.5 + 1.7
Figure 5. The histogram of the statistical analysis of serum alkaline Treated group 135.75 + 1.3 171.25 + 0.85
phosphatase measured in (IU/L). p 0.085 0.001

Table 1. Alkaline phosphatase levels at both groups at different periods.

Group Time 14 days period 28 days period

Control group 41.2+0.73 59.1+0.9
Treat group 74.2 £1.53 67.6 + 1.36
P value .0001 .0001

treatment group. An independent sample t test (using IBM SPSS
26) showed a highly significant difference in serum ALP at day 14
between the control group (41.2 + 0.73) IU/L and the treatment
group (74.2 +1.53) IU/L (P <.001), as shown in Table 1 and Figure 5.

Independent sample t test showed highly significant difference in
serum ALP on day 28 between the control group (59.1 + 0.9) IU/L
and the treatment group (67.6 + 1.36) IU/L (P <.001), as shown in
Table 1and Figure 5.

Radiological Results

In this criterion, densitometric analysis were used to measure the
bone mineral density at the desired area in the hole. Also, gross
radiographical assessment was used to observe the effect be-
tween various groups. Radiological criteria are a good indication
of new bone formation at the site of the hole and for comparison
between the holes of different sites.
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On day 14, independent sample t test showed that there was
no significant difference (P > .05) in bone mineral density (BMD)
between the control group (134.5 + 1.5) the metformin-treated
group (135.75 + 1.3). The treatment group slightly exceeded the
control group in BMD, and there was gross observable difference
in radiopacity between these 2 groups, as shown in Table 2, and
Figures 6 and 7.

On day 28, obvious difference was observed in gross radiopaci-
ty between the control and treatment groups. In addition, there
was a significant difference in BMD at day 28 between the control
group (160.5 + 1.7) and the treatment group (171.25 + 0.85) (P <
.05), as shown in Table 2 and Figures 8 and 9.

DISCUSSION

In this study, serum ALP levels indicate that the metformin-treat-
ed group experienced an increase in the level of enzyme more
than the control group during both time intervals of 14 and 28
days. Serum ALP can be used as an indicator to measure the ac-
tivity of bone formation. Studies suggest that assessing markers
of bone formation such as serum ALP throughout the healing
of fractures could increase the accuracy of the evaluation of the
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Figure 8. Densitometric analysis of the femur bone hole of the control
group at 28 days period.

Figure 9. Densitometric analysis of the femur bone hole of the treated
group at 28 days period.

Table 3. Manual procedure of serum alkaline phosphatase measurement.

Reagent blank Specimen blank Standard Assay
Reagent R1 2mL 2mL 2mL 2mL
Incubated for 5 mins at 37°C
Specimen 50 pL
Reagent 2 (standard) 50 uL
Let to stand exactly 15 mins
at 37°C
Reagent R3 0.5 mL 0.5 mL 0.5 mL 0.5 mL
Mixed well
Reagent R4 0.5 ml 0.5 mL 0.5 mL 0.5 mL
Specimen 50 pL
Demineralized water 50 uL

bone healing stage and enable early identification of patients at
risk for developing delayed union or nonunion.” This supports the
choice of serum ALP as a marker in our study.

Because of its ease of use in individuals with normal liver function,
total serum ALP is a frequently applied marker of bone metabo-
lism. ALP levels also suggest normal osteoblast activity and new
bone development.?®

This study uses serum ALP as an indicator of bone healing by
comparing its level to that of the control group (baseline), despite
the fact that there are few studies establishing the role of this
enzyme in the evaluation of the healing process following frac-
tures. The bone-isoenzyme of ALP (BsALP), which is believed to
be a more accurate marker of bone formation, was not available
at our center and had a high cost. The healing of fractures is highly
associated with serum ALP levels. Tissue-nonspecific ALPs make
up the majority of the enzyme fraction circulating in serum, which
is of therapeutic importance.?

The circulating enzyme in healthy people is mostly derived from
liver and bone. The hydrolysis of organic phosphate esters that

are present in the extracellular space is catalyzed by a group of
isoenzymes called ALPs, which are found on the outer layer of the
cell membrane. The cofactors magnesium and zinc are essential
for this enzyme. Though ALPs are present in a variety of body re-
gions and exhibit a variety of physiochemical properties, they are
actual isoenzymes because they catalyze the same biochemical
reaction. More than 80% of the ALP in serum is released from the
liver and bone, with small amounts from the intestines.?

Serum total ALP activity is frequently used as a biochemical mark-
er of osteoblast function, however, because of contribution of its
activity, it lacks great specificity. It is particularly derived from the
liver. About half of the serum ALP activity in healthy people comes
from bone and the other half from the liver.”

The results of our study in which there was an increase in serum
ALP at both time intervals of the study, seems to correspond with
a study on humans after orthognathic surgery in which ALP and
bone-specific ALP were used as markers of bone formation and
osteoblastic activity. Enzyme levels significantly decreased 1 day
and from 1 day to 1 week, respectively, after surgery. They then
increased to their maximum values by 1 month before gradually
returning to preoperative levels by six months.?

In agreement with this study, the biochemical parameters were
assessed during fracture healing in 7 dogs with femoral fractures
stabilized using string of pearls locking plates, in another study.
Serum ALP was tested on the day prior to surgery, as well as on
days 15 and 45 after the surgical operation. The results of a one-
way ANOVA statistical analysis showed that there was a highly
significant difference between the 3 intervals. The 15th postoper-
ative day showed the highest value, whereas the 45th postopera-
tive day showed the lowest value.?*

Metformin significantly stimulated the gene and protein ex-
pression of essential osteoblastic transcription factors such as
Runt-related transcription factor2 (RUNX2), enhanced ALP activi-
ty, and mineral deposition.?® The increase in ALP enzymatic activ-
ity is a result of metformin’s ability to stimulate cell proliferation
and promote osteogenic differentiation. The stimulation of cells’
proliferative activity and their differentiation into osteogenic cells
appear to be solely dependent on metformin concentration, and
this is according to one of the key findings of in vitro research that
examine metformin-related osteogenic activity?® and the dose
used in our study exhibit osteogenecity.

Metformin increases BMP-2 expression through increasing ALP
and osteocalcin (OCN) secretion, and this will increase BMD.
Through the transactivation of genes via adenosine monophos-
phate-activated protein kinase (AMPK) regulation, metformin
promotes osteoblast differentiation. The major osteogenic genes
such ALP have been demonstrated to be expressed more strongly
when AMPK is activated.?’

All the previously mentioned studies agree with the results of the
present study, which confirms the role of systemic metformin ad-
ministration at a dose of 50 mg/kg on increasing serum ALP levels
at 14 and 28 days after the surgical induction of bone defect.

It is observed in this study that the animals treated with met-
formin showed greater bone growth and mineralization than the
control group. Despite the small and insignificant difference be-
tween the 2 groups on day 14, there was a significant difference
between metformin and the untreated group on day 28.
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The production of calcium and phosphorus-rich deposits in min-
eralized extracellular matrix is another sign of metformin’s osteo-
genic activity as determined by an in vitro model.?

It appears that metformin’s anti-adipogenic properties may be
linked to its protective effects on bone tissue.?®

Independent of age, BMI, or GFR, metformin administration is
linked to a decreased incidence of osteopenia and osteoporosis,
particularly in the female population.®°

Other animal studies that examined the impact of metformin on
bone and supported our findings revealed that metformin can
raise bone mineral density and lessen bone loss in rats. In addi-
tion, both diabetic and nondiabetic rats treated with metformin
had better bone repair.®

A recent study examined the effectiveness of metformin and glu-
cosidase inhibitors on BMD in patients with type 2 diabetes mel-
litus (T2DM) and explored its mechanism of action in treating os-
teoporosis induced by T2DM, thereby providing references for the
prevention and treatment of osteoporosis. It is obvious from this
study’s data and results that metformin increases the amount
of bone formed and plays a critical role in preventing osteopo-
rosis.*? By reducing systemic inflammation and encouraging the
production of osteoclasts, metformin can prevent osteoporosis.®®
Also, by enhancing BMP-2 expression and raising ALP and OCN
secretion, it increased BMD.** Metformin promotes stimulation of
osteopontin (OPN) and lowers RANKL expression in osteoblasts
in rats with ovariectomies; according to Mai et al., osteogenesis
was controlled by AMPK through OPN, whereas adipogenesis was
suppressed.®

There is expectation that metformin can help prevent fractures
induced by osteoporosis. Through a variety of receptors, including
AMPK, which is crucial for bone regeneration, metformin regu-
lates bone quality. In addition, metformin blocks the production
of advanced glycation end products (AGEs), which may enhance
bone turnover because AGEs inhibit osteoblasts (bone-forming
cells) and activate osteoclasts.®®

These data demonstrate that more complicated metabolic pro-
cesses, particularly in T2DM, are the cause of fragility. The gener-
ation of AGEs and reactive oxygen species is induced by hypergly-
cemia. These substances may lead to improper bone homeostasis
through oxidative stress.®’

Our radiographic findings were consistent with a study showing
that systemic metformin use improves osseointegration by rais-
ing bone filling percentages. During the 4-week osseointegration
period, statistically significant variations in bone filling were found
between the dental implants in the control and metformin-treat-
ed groups.*®

Metformin has been proven in numerous studies to have an-
ti-inflammatory and antioxidative stress effects on a number of
disorders, including rheumatoid arthritis, neuropathic pain, renal
problems, and Ankylosing spondylitis.*® Therefore, metformin as it
seems counteracts the oxidative stress and inflammation at bone
lesion sites and promote osteogenesis.

Metformin use consistently increases the level of bone forma-
tion markers such as serum ALP, bone mineral density, and
greater radiopacity observed by radiographic evaluation in met-
formin-treated animals compared to that of the control group at
2 different time intervals.
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Thiol ve Disulfid Duzeylerinin Degerlendirilmesi

ABSTRACT

In this study, whole blood cell count, metabolic and inflammatory biomarkers, and oxidative stress
parameters were evaluated in dogs diagnosed with canine parvoviral enteritis by stool antigen
testing performed 24-48 hours before any clinical findings arose. This study aimed to conduct
effective evaluations of the status of the disease, the selection of treatment methods, and the
prognosis of the disease. Thirty dogs with canine parvoviral enteritis positivity according to stool
antigen test results 24-48 hours before the appearance of any clinical signs associated with parvo-
viral enteritis (lethargy, vomiting, diarrhea, dehydration) were evaluated together with 10 healthy
dogs. In analyses of the dogs with canine parvoviral enteritis, significant decreases were found for
white blood cell (P < .001), neutrophil (P < .001), and monocyte (P=.011) counts and significant
increases were found for alanine aminotransferase and aspartate aminotransferase (P < .001 for
both). Significant increases (P < .001) were also determined for high-density lipoprotein, choles-
terol, and triglyceride levels among the studied lipid metabolites and C-reactive protein, malondi-
aldehyde, and paraoxonase-1 among inflammatory biomarkers. Significant decreases were found
for total thiol (P=.002) and native thiol (P < .001), with which antioxidant levels were evaluated,
and a significant increase was found for disulfide (P < .001), with which oxidation was evaluated. It
was concluded that early changes in blood samples taken 24-48 hours before the onset of clinical
symptoms in dogs with CPV, as reflected by values of CBC and metabolic and inflammatory bio-
markers, may provide information about the severity of the disease, the choice of medical treat-
ments to be applied, and prognosis.

Keywords: Canine parvoviral enteritis, disulfide, malondialdehyde, paraoxonase-1, thiol

oz

Bu cgalismada, klinik bulgular goriilmeden 24-48 saat 6nce, digkida yapilan antijen testi ile par-
voviral enteritis (CPV) tanisi konulan képeklerde, tam kan hicreleri (CBC) sayilari, metabolik ve
inflamasyon biyobelirtegleri ve oksidatif stres parametreleri birlikte degerlendirilerek; hastaligin
durumu, sagaltim yontemlerinin segimi ve hastaligin prognozu hakkinda etkin degerlendirme-
lerin yapilmasi amaglandi. Calismada, parvoviral enteritis ile iliskili klinik belirtilerin (durgunluk,
kusma, ishal, dehidratasyon) gorilmesinden 24-48 saat 6nceki digki antijen testi sonucuna gore
CPV pozitif olan 30 kopek ile, 10 saglikli kopek degerlendirildi. CPV’li kdpeklerde yapilan analiz-
lerde, WBC (P < ,001), notrofil (neut) (P < ,001) ve monosit (mono) (P=,011) sayilarinda anlamli
dlsuUsler, ve alanin aminotransferaz (ALT) ve aspartat aminotransferaz (AST) dederlerinde anlamli
artiglar (P < ,001) saptandi. Lipid metabolitlerinden yliksek dansiteli lipoprotein (HDL), kolesterol
(Chl) ve trigliserit (Tg) diizeylerinde ve inflamasyon biyobelirteglerinden C-reaktif protein (CRP),
malondialdehit (MDA) ve paraoksanaz-1 (PON-1) dederlerinde anlamli artiglar (P < ,001) belirlendi.
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Antioksidan dizeyinin degerlendirildigi total thiol (P=,002) ve native thiol (P < ,001) dederlerinde anlamli disusler, ve oksidas-
yonun degerlendirildigi distlfit dlizeyinde anlamli (P < ,001) artis saptandi. CPV'li kopeklerde klinik semptomlarin baslangicindan
24-48 saat Once alinan kan drneklerinde, CBC sayisinda ve metabolik ve inflamasyon biyobelirteglerinin diizeylerinde meydana
gelen erken donem degisikliklerin hastaligin siddetine, uygulanacak tibbi tedavilerin secimine ve prognoza yon verebilecegi

sonucuna varildi.

Anahtar Kelimeler: Canine parvoviral enteritis, disulfide, MDA, PON-1, thiol

INTRODUCTION

Canine parvoviral enteritis (CPV) infection is an important dis-
ease that is commonly seen in domestic and wild dogs, especially
between the ages of 6 weeks and 6 months, in Turkey and around
the world. It is characterized by high morbidity and mortality
rates despite vaccination. Sivas Kangal, Rottweiler, Doberman,
Pincher, Labrador Retriever, and German Shepherd dogs are par-
ticularly susceptible to this disease.'?

Some pathophysiological disorders developing in the course
of the disease include intravascular coagulopathy, the death of
myeloproliferative cells and immunosuppression due to thymic
lymphocytosis, septicemia due to intestinal mucosal destruction,
malabsorption due to villus atrophy, and dehydration and shock
due to diarrhea and vomiting.®® Good response to treatment is
directly proportional to effective treatment in the early period and
the speed of the patient’s recovery from intestinal disorders.®’

Determination of whole blood cell count (CBC) parameters
including lymphocyte (Lym), monocyte (Mono), and neutro-
phil (Neut) counts together with oxidative stress status, some
liver parameters, and lipid profile is important in evaluating the
pathophysiological status of patients. In dogs with CPV, systemic
inflammation as reflected by C-reactive protein (CRP) and procal-
citonin (PCT); liver parameters including alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), total protein (TP), and
albumin (Alb); lipid profile as reflected by high-density lipoprotein
(HDL), cholesterol (Chol), and triglyceride (Tg); and biomarkers
associated with oxidative stress such as malondialdehyde (MDA)
and paraoxonase-1 (PON-1) can be evaluated and treatment pro-
tocols that will help clinical veterinarians in choosing treatment
practices can be recommended.268°

One of the most important findings in the early period of CPV
infection is the increase in serum CRP, which is an acute-phase
protein.’®" It is also recommended to evaluate the changes in
serum MDA resulting from the peroxidation of polyunsaturated
fatty acids abundant in erythrocyte membranes, the changes in
PON-1and HDL levels associated with redox status and degrada-
tion of oxidized lipids, and oxidative pathobiological changes in
dogs with CPV."2% Since plasma thiols contain sulfhydryl groups
with antioxidant/prooxidant properties, determining the level of
thiol and disulfide hemostasis in patients is also valuable in the
evaluation of oxidative stress.”*”® The plasma thiol level in the
body is often affected by oxidative stress and other disorders.
When subjected to oxidation reactions, thiol compounds form
disulfide bonds, which have important functions in the response
to upregulated oxidative stress markers, metabolic functioning,
and the maintenance of hemostasis.”®” The plasma thiol pool,
reflecting thiol/disulfide homeostasis, is evaluated based on the
levels of Alb and thiols (proteins and compounds of low molecular
weight).”® Molecules found in the dynamic plasma thiol pool are

affected by oxidative stress and other disease processes, trig-
gering changes in thiol/disulfide homeostasis. In addition to their
antioxidant effects, these molecules also have important effects
on metabolic reactions, signal transduction, the scavenging of
toxins, gene expression, and cell signaling.™

In this study, dogs diagnosed with CPV were evaluated accord-
ing to stool antigen test results obtained 24-48 hours before the
appearance of clinical findings. Whole CBC results, liver param-
eters (ALT, AST, TP, and Alb), metabolic (HDL, Chol, and Tg) and
inflammatory biomarkers (CRP, PCT, and PON-1), and oxidative
stress (MDA, total thiol, native thiol) and oxidation (disulfide)
parameters were considered together with the aim of performing
effective evaluations of the status of the disease, the selection of
treatment methods, and the prognosis of the disease.

METHODS

Ethical approval of this study was obtained from the Ankara
University Animal Experiments Local Ethics Committee with deci-
sion number 2020-5-43 and decision date 04-03-2020. Forty
owned dogs of different breeds and both sexes, ranging in age
between 6 weeks and 6 months and brought to the Animal Hos-
pital of Ankara University’s Veterinary Faculty for general health
examinations and vaccination purposes, were included in the study
after obtaining written permission and approval from their owners.

Thirty dogs with positive fecal CPV antigen test results in the first
examination and the beginning of clinical signs of CPV (lethargy,
vomiting, diarrhea, dehydration) 24-48 hours after that initial
examination constituted the group of dogs with CPV infection.
Ten dogs determined to be healthy according to clinical and
laboratory examination findings constituted the control group.
In dogs with suspected CPV, the diagnosis was confirmed by
detecting the CPV antigen in stools with a rapid test kit (Canivet
CPV-CCV Ag Combo Test, Vet Diagnostix, China).

Blood samples were collected from the cephalic vein for all dogs
included in the study, with 1 mL obtained for each tube with anti-
coagulant and 5 mL for each tube without anticoagulant.

Whole blood cell count values were determined from blood sam-
ples with anticoagulant using an automatic hematology analyzer
(Mindray BC 5000). Within 2 hours after blood collection, blood
samples without anticoagulant were centrifuged at 3000 rpm for
10 minutes and serum was obtained. These samples were placed
in small containers and kept at —20°C until biochemical analysis
was performed. The levels of ALT, AST, TP, Alb, urea, and creati-
nine in blood serum samples thawed at room temperature before
analysis were determined spectrophotometrically with an auto-
analyzer (Mindray BS-120) using the relevant kits.

Blood serum MDA level was calculated according to the method
specified by Draper and Hadley." For this, 2.5 mL of 10% trichloro-
acetic acid was mixed with 0.5 mL of serum in atube. The reaction
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solution was kept in a hot water bath for 15 minutes. The solution
was then held at room temperature and centrifuged at 400x g
for 10 minutes. The supernatants were removed in volumes of
2 mL and combined with 1.0 mL of 0.67% TBA in separate tubes,
and those mixtures were incubated in boiling water baths for
15 minutes. The mixtures were brought to room temperature and
absorbance was measured at 532 nm. Malondialdehyde activity
was expressed as nmol/g protein.

Paraoxonase-1 activity was determined by the method developed
by Eckerson et al.?° This method is based on the conversion of
paraoxon (diethyl p-nitrophenyl phosphate) to diethyl phosphate
and p-nitrophenol with the effect of paraoxonase in the serum
with measurement of the absorbance of the formed p-nitrophe-
nol using a spectrophotometer at a wavelength of 412 nm. Para-
oxonase-1 activity was expressed as U/L.

Thiol-disulfide levels (thiol [-SH] and disulfide [-S-S]) were
determined separately spectrophotometrically according to the
method specified by Erel and Neselioglu.® With this method,
NaBH, is used to reduce sulfide bonds in serum samples and
form thiol groups in the free functional state. Formaldehyde was
used to remove the unused portion of NaBH,, and with DNTB,
thiol groups were determined at 415 nm as total thiol and native
thiol. The disulfide value (umol/L) was calculated with the follow-
ing formula: (total thiol [umol/L] — native thiol [umol/L])/2.

Statistical Analysis

Results were analyzed using the Shapiro-Wilk test for normality
and the Levene test for homogeneity of variances. One-way analy-
sis of variance and Kruskal-Wallis tests were conducted accord-
ingly to determine the presence of similarities and differences
between experimental groups. The differences between the groups
were identified by Tukey HSD and Dwass-Steel-Critchlow-Fligner

Table 1. WBC, Lym, Mono, and Neut Counts of the CPV and Control Groups

Hematological Parameters (10°/L)

Groups WBC Lym Mono Neut
Control (n=10) 8.41+ 041 212 £ 0.5 0.47 + 0.06 5.52 +£0.31
CPV (n=30) 4.714 £ 0.59** 1.774 £ 0.23 0.28 + 0.04* 2.47 £0.31%*
P <.001 .011 <.001

*The Mono counts of the CPV and control groups were significantly different (P=.011).

**The WBC and Neut counts of the CPV and control groups were significantly different (P < .001).

CPV, canine parvoviral enteritis; Lym, lymphocytes; Mono, monocytes; Neut, neutrophils; WBC, white blood
cell count.

pairwise tests. All data were analyzed using IBM Statistical Pack-
age for Social Sciences Statistics 26.0 (IBM Corp., Armonk, NY,
USA). Values of P < .05 were considered significant for all analyses.

RESULTS

In this study, CBC results, ALT and AST levels, metabolic biomark-
ers (HDL, Chol, and Tg), systemic inflammatory biomarkers (CRP,
PCT, and PON-1), and oxidative stress (MDA, total thiol, and native
thiol) and oxidation (disulfide) parameters were obtained as pre-
sented in Tables 1-3.

DISCUSSION

Canine parvoviral enteritis is a highly contagious disease involv-
ing acute hemorrhagic enteritis in dogs with high morbidity and
mortality rates. Veterinary clinicians use blood cell counts and
some laboratory analysis results obtained from blood serum in
evaluating the severity of this disease, choosing the treatment
options to be applied, and determining the prognosis of the
patient. For this reason, it is important to consider analytical
results that reveal the levels of systemic inflammation, metabolic
processes, and oxidative stress in dogs with CPV.”° It is neces-
sary to evaluate CBC values and parameters related to systemic
inflammation, metabolic processes, and oxidative stress.?%*

Previous studies have noted the importance of determining the val-
ues of certain hematological parameters in cases of CPV and moni-
toring them throughout the treatment process. Kocatirk et al??
reported that determining the level of CRP, an acute-phase protein,
in the evaluation of systemic inflammation is important in predict-
ing the severity and prognosis of the disease, and a direct correla-
tion was found between the severity of the disease and increased
CRP levels in dogs with CPV. Simsek et al*® stated that CRP levels
were statistically significantly increased in dogs with this disease,
while Dinler et al** found PCT and CRP levels to be higherin cases of
CPV compared to a control group. Similarly, in the present study, a
significant increase (P < .001) was found in CRP levels in dogs with
CPV compared to the healthy control group, revealing inflamma-
tion, while the increase in PCT was not statistically significant.

Many other studies have reported the importance of determin-
ing the values of hematological parameters and monitoring them
during the treatment of dogs with CPV. Simsek et al*® and God-
dard et al™® found WBC, Lym, Mono, and granulocyte counts to
be significantly lower in cases of CPV compared to healthy dogs.

Table 2. ALT, AST, TP, Alb, Chol, Tg, and HDL levels of the CPV and control groups

Biochemical Parameters

Groups ALT (U/L) AST (U/L) TP (g/dL) Alb (g/dL) Chol (mg/dL) Tg (mg/dL) HDL (mg/dL)
Control (n=10) 40.68 + 4.04 48.15 £ 0.83 5.23 £0.15 2.90 +£0.17 234.5 + 3.81 57.75+ 1.4 49.25 £ 0.96
CPV (n=30) 61.48 + 1.04 61.23 + 1.01 5.17 £ 0.11 2.84 + 0.06 237.77 +4.92 72.45 + 1.35 56.636 + 0.64
P <.001 <.001 <.001 <.001
*The ALT, AST, Tg, and HDL levels of the CPV and control groups were significantly different (P < .001).
Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Chol, cholesterol; CPV, canine parvoviral enteritis; HDL, high-density lipoprotein; TP, total protein.
Table 3. CRP, PCT, MDA, PON-1, total thiol, disulfide, and native thiol levels of the CPV and control groups

Biochemical Parameters
Groups CRP (mg/L) PCT (%) MDA (nmol/g protein) PON-1 (U/L) Total Thiol (umol/L) Disulfide (pmol/L) Native Thiol (umol/L)
Control (n=10) 9.84 + 0.26 0.18 + 0.05 1.878 + 0.03 157.05 £ 2.9 236 + 1.34 12.037 £ 0.21 204.299 + 1.82
CPV (n=30) 103.5 + 1.84 0.28 + 0.04 2.991+0.04 118.883 + 2.46 217.767 + 4.92 15.307 + 0.25 169.907 + 1.91
P <.001 <.001 <.001 .002 <.001 <.001

* The total thiol levels of the GPV and control groups were significantly different (P=.002).

**The CRP, MDA, PON-1, disulfide, and native thiol levels of the CPV and control groups were significantly different (P < .001).
CPV, canine parvoviral enteritis; CRP, G-reactive protein; MDA, malondialdehyde; PCT, procalcitonin; PON-1, paraoxonase-1.
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Kubesy et al® found decreased WBC, Neut, and Lym counts and
increased Mono counts in dogs with CPV compared to a control
group. Arora et al?® determined decreases in total leukocyte and
Neut counts in dogs with CPV. Decreases in WBC, Lym, and Neut
counts, which are common findings in studies of dogs with CPV,
were also determined in this study. The decrease in Mono count
obtained here is consistent with the findings of Simsek et al*®* and
Goddard et al.”® Alves et al*” stated that increases in total leuko-
cyte, Lym, and Mono counts in dogs with CPV are signs that the
prognosis of the patient will be good. In the present study, the
significant decreases in WBC count (P=.011) and Neut and Mono
counts (P < .001) and insignificant decrease in Lym count in dogs
with CPV were thought to be due to the destruction of the bone
marrow and lymphoproliferative organs, together with the devel-
opment of the inflammatory response.

In dogs with CPV, it is important to determine the levels of serum
ALT, AST, TP, and Alb, which are some of the liver parameters
used to evaluate metabolic profiles. Serum urea and creatinine
levels should also be used to evaluate kidney function. Ocal and
Unsiiren® reported that dogs with CPV had lower serum TP and
Alb levels and higher serum blood urea nitrogen, creatinine,
ALT, and AST levels compared to healthy dogs. Abdullaziz et al*®
found significant decreases in TP and Alb values and significant
increases in ALT, AST, urea, and creatinine values in dogs with CPV
compared to healthy dogs. Thakur and Thakur®® found increases
in serum AST and ALP levels and decreases in Alb levels in dogs
with CPV. Arora et al?® found increases in AST and ALP values
and decreases in Alb values in dogs with CPV. Abdullaziz et al?®
and Khare et al?' concluded that increased ALT and AST levels in
dogs with CPV were related to the absorption of toxic substances
resulting from hepatic hypoxia caused by hypovolemia or intesti-
nal barrier disorders. In the present study, on the other hand, mild
increases in serum ALT and AST were seen in dogs whose physi-
cal clinical examinations did not reveal any signs of disease but
whose fecal CPV screening test results were positive. This finding
suggests that hypovolemia began to form in these dogs together
with deterioration of the intestinal barrier.

Metabolic, systemic inflammmatory, and oxidation processes of dogs
with CPV are evaluated by monitoring the levels of HDL, Tg, and
Chol, which are biomarkers of lipid metabolism. Salarpour et al*'
found statistically insignificant increases in HDL and Tg levels and
insignificant decreases in Chol levels in 27 dogs with CPV. Yilmaz
and Senturk® found significant decreases in HDL and Chol levels
and significant increases in Tg levels in dogs with CPV compared
to healthy dogs. In the present study, significant increases (P <
.001) in HDL and Tg levels in dogs with CPV were evaluated as indi-
cations that the level of Chol transport was high in these animals
and the effective prevention of lipid peroxidation was increased.
Furthermore, this result highlights the necessity of evaluating the
effects of oxidative stress in relation to the severity of CPV, and
at the same time, the effects of increased HDL and Chol levels on
liver performance, changes in protein structure,® and the devel-
opment of inflammatory and oxidative stress responses?2 with
the beginning of the deterioration of the intestinal barrier.

Serum MDA, PON-1, total thiol, disulfide, and native thiol lev-
els, which reveal oxidative stress, should also be determined in
order to evaluate the oxidative balance in patients and to identify
the necessary medical applications.?**** |n comparative stud-
ies with healthy dogs, Kocattirk et al®? reported that PON-1 lev-
els were lower in dogs with CPV, while Harizan et al** found that

MDA levels were higher. Panda et al*® found a significant differ-
ence in MDA levels in dogs with CPV. Dedirmencay et al*® deter-
mined that the levels of total thiol, disulfide, and native thiol of
infected dogs were lower than those of healthy dogs. In the dogs
with CPV in this study, significant increases (P < .001) in MDA,
PON-1, and disulfide were detected, while significant decreases
in total thiol (P=.002) and native thiol (P < .001) showed that
noteworthy levels of oxidative stress had developed in the dogs
with CPV. The decrease in PON-1 activity is thought to occur in
response to the occurrence of lipid peroxidation via HDL oxida-
tion. Kocatlirk et al??2 emphasized that determining the level of
CRP, one of the acute-phase proteins that reveal the degree of
systemic inflammation in dogs with CPV, is important in terms
of evaluating the severity and prognosis of the disease, and they
found a direct correlation between the severity of CPV and the
increase in CRP. Simsek et al*® stated that CRP levels were statis-
tically significantly higher in dogs with parvoviral enteritis, while
Dinler et al?* found PCT and CRP levels to be higher in dogs with
parvoviral enteritis compared to a control group. In the present
study, a significant increase (P < .001) in CRP, revealing inflamma-
tion, was found in dogs with CPV compared to the control group,
while the increase in PCT was not statistically significant.

Based on the findings of the present study, it is clear that the
evaluation of changes in inflammatory, metabolic, and oxidative
stress parameters in the early phase of CPV will provide important
data for clinical veterinarians. In the early phase of CPV infection,
the increase in disulfide level, which indicates increased oxidation,
and the decrease in total thiol and native thiol levels, which indi-
cate decreased antioxidant levels, are particularly noteworthy. In
addition, the increase in the level of MDA, which is the end prod-
uct of lipid peroxidation, and the decrease in the level of PON-
1, which protects lipid metabolites from oxidation, indicate that
significant oxidative stress develops in dogs in the early stage of
CPV without clinical signs of the disease. Other indicators of oxi-
dative stress that developed in dogs with CPV in this study were
increased HDL, Chol, and Tg, which are lipid metabolites.

In conclusion, the data obtained in this study by evaluating the
changes in the levels of CBC results, metabolic and inflammatory
biomarkers, and oxidative stress-related parameters that show
the pathophysiological status of dogs 24-48 hours before the
appearance of clinical findings of CPV suggest that these vari-
ables can provide guidance in determining the seriousness of the
disease in the early period and selecting the treatment methods
to be applied. This study was carried out with a limited number
of dogs. If similar studies are conducted in the future with more
dogs with CPV, it will be possible to make more comprehensive
generalizations of the obtained data.
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Morphometric and Computed
Tomographic Investigation of
Ligamentum Sacrotuberale in Dogs

Kopekte Ligamentum Sacrotuberale’nin
Morfometerik ve Bilgisayarli Tomografik
Incelenmesi

ABSTRACT

The ligamentum sacrotuberale is an anatomical structure that is frequently used in clinical hip
dislocations and perineal hernias in dogs. However, various differences have been identified in the
description of its anatomical location in the literature. The aim of this study is to contribute to
the literature by determining the accuracy of different information specified in the literature and
determining its morphology. The study was performed on the cadavers of 7 healthy adult dogs (3
females and 4 males). Three-dimensional reconstruction of the ligamentum sacrotuberale was
performed on the images obtained by computed tomography in dogs. Dogs were then dissected
and morphometric measurements were made. As a result of the analyses performed, no statisti-
cal difference was found when the right and left ligamentum sacrotuberale were compared (P >
.05). In our study, it was determined that in all of our dissections performed on dogs, ligamentum
sacrotuberale originated from the caudolateral surface of the last sacral vertebra and the cranio-
lateral of the first tail vertebra and ended on the dorsal surface of the tuber ischidicum.

Keywords: Computed tomography, dog, 3D modeling, ligamentum sacrotuberale

oz

Ligamentum sacrotuberale kdpeklerde klinik kalga gikiklari ve perineal fitiklarda siklikla kullanilan
anatomik bir yapidir. Ancak literatlirde anatomik yerlesiminin tanimlanmasinda cgesitli farkliliklar
tespit edilmistir. Bu ¢alismanin amaci, literatiirde belirtilen farkl bilgilerin dogrulugunu ve mor-
folojisini belirleyerek literatiire katki saglamaktir. Calisma 7 yetiskin képegin (3 disi ve 4 erkek)
kadavrasi Uzerinde yapildi. Képeklerde bilgisayarli tomografi ile elde edilen goriintiler tzerinde
lig. sacrotuberale’nin U¢ boyutlu rekonstriksiyonu yapildi. Képekler daha sonra diseke edildi
ve morfometrik olglimler yapildi. Yapilan analizler sonucunda sag ve sol ligamentum sacrotu-
berale karsilastirildiginda istatistiksel olarak fark bulunmadi (P > .05). Calismamizda kdpeklerde
yaptigimiz tiim diseksiyonlarda lig. sacrotuberale’nin son sakral omurun kaudolateral ylizeyinden
ve birinci kuyruk omurunun craniolateral ylizeyinden koken aldigi ve tuber ischidicum'un dorsal
ylizeyinde sona erdigi belirlendi.

Anahtar Kelimeler: Bilgisayarli tomografi, kopek, 3D modelleme, ligamentum sacrotuberale

INTRODUCTION

Ligamentum (lig.) sacrotuberale, in the form of a fibrous cord, was used in surgical operations in dogs."
4 Traumatic coxofemoral luxation was a common problem in dogs, and for the treatment of luxation,
transposition method of the lig. sacrotuberale was used as an intra-articular procedure. This technique
provided latero-medial stability of the joint.> Besides sacrotuberale hip dislocations, it was also used
in muscle hernias. Depending on the type of herniation, simple placement of the abdominal muscles
was not possible due to atrophy of the perineal diaphragm muscles in most cases; therefore, the lig.
sacrotuberale was often included in surgical operations to close the ventral and lateral part of the
hernial deficit.”® Although lig. sacrotuberale was used in surgical operations performed in the perineal
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region, different definitions were given in the literature review to
describe its anatomical location.

There were literatures stating that the lig. sacrotuberale was
located between the caudo-lateral of the sacrum and the tuber
ischiadicum,?® while there were literatures stating that it was
located between the cauodolateral of the sacrum and the proces-
sustransversus of the first tail vertebrae and the lateral surface of
the tuber ischiadicum.®"®" In another article, it was reported that
the lig. sacrotuberale extended from the last sacral vertebra and
the first 2 tail vertebrae to the outer surface of the tuber ischiadi-
cum. The ligament partially or completely serves as the origin of
the musculus abductor cruris caudalis, musculus biceps femoris,
musculus gluteus superficialis, and musculus piriformis.* Liga-
mentum sacrotuberale has a very sensitive and important ana-
tomical position. Due to its anatomical location, many surgeons
use this ligament in the treatment of various ailments in dogs.>%

In this study, a dissection procedure was applied in dogs and
2-dimensional (2D) images were obtained by computerized
tomography (CT) imaging methods, and a 3-dimensional (3D)
model on a computer program was created to determine the
anatomical location of the lig. sacrotuberale. The aim of this study
was to contribute to the literature by determining the accuracy of
different information specified in the literature and determining
its morphology.

MATERIALS AND METHODS

The study was conducted on cadavers of 7 adult healthy dogs of
age between 1 and 10 years old (3 female Pariah dogs—mongrel
and 4 male Pariah dogs—mongrel). This study was carried out
on cadavers that died in the animal shelter of Konya Metropoli-
tan Municipality Environmental Protection and Control Depart-
ment for various reasons and were given as cadavers to Selcuk
University Veterinary Faculty Anatomy Department. The ethi-
cal approval for investigation was obtained from Karamanoglu
Mehmetbey University Faculty of Health Science Ethics Commit-
tee (October 27,2021/06-34).

Computed Tomography Scanning

Images were obtained by placing the dogs in the prone position
on multi-detector computed tomography (Siemens Dual Source,
Somatom Definition Flash, Germany). Images were kVp 120, mAs
150-200 and parallel slice thickness of 0.6 mm, reconstruction
interval of 0.5 mm, diameter FOV( field of view) of 30 cm, and
interval value between 1 and 1.5. Computerized tomography
images of dogs were recorded on CD-ROMs in digital imaging
and communication in medicine (DICOM) format."+"°

Segmentation and 3-Dimensional Modeling
Three-dimensional reconstructions of os coxae, os sacrum, first
coccygeal vertebra, and lig. sacrotuberale were obtained using
Mimics 20.01 (The Materialize Group, Leuven, Belgium). First,
images in DICOM format were opened with the Mimics 21.0 (The
Materialize Group),?® and 3D models were created by adjusting
the threshold feature of the bones forming the pelvis cavity to
a gray level of 220-3050 HU. Then, the gray level threshold was
set to 410-2170 HU, and lig. sacrotuberale was manually marked
using the editing mask feature of the program and a 3D model
was created (Figure 1).

Macro-Anatomic and Cross-Sectional Anatomy Study
In the dissection performed on canine cadavers, an incision was
made in the caudodorsal skin from the caudal aspect of the
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Figure 1. Modeling of the lig. sacrotuberale with the Mimics program.

greater trochanter to the last sacral vertebra. In order not to
damage lig. sacrotuberale, blunt dissection of the muscles was
performed by palpating between the processus transversus of
the last sacral vertebra and the tuber ischiadicum (Figure 2). After
the ligament was exposed, the thickness of the origin, midpoint,
insertio, and length of the ligament were measured by a digital
caliper. The height of dogs was obtained by measuring the tip of
the nose from the tuber ischiadicum.?"?? Following the dissection
procedure, previously obtained CTimages and dissection findings
were compared and anatomical formations were named on the
CTimages (Figures 3 and 4). The nomenclature was made accord-
ing to Nomina anatomica veterinaria.

Figure 2. Regio perinealis topography. 1: M. coccygeus, 2: M. levator ani,
3: M. rectococcygeus, 4: M. obturatorius internus, 5: Ala ossis ilii, 6: Ala
ossis ischii, 7: Anus (zona cutanea), 8: M. sphincter ani externus, 9: M.
bulbospongiosus, 10: M. ischiourethralis, 11: A. pudenda interna, 12: A.
dorsalis penis, x: M. ischiocavernosus, s: Lig. sacrotuberale, t: Tuber
ischiadicum, k: Caudae, Rp: M. retractor penis.
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Figure 3. Position of the ligamentum sacrotuberale in horizontal section
of the computerized tomography. a: Lig. sacrotuberale, s: 3.Sacral
vertebrae, L: Vertebrae lumbales, ti: Tuber ischiadicum.

Figure 4. Ischiorectal fossa computerized tomography transversal
section. mc: Coccygeal muscle, ti Tuber ischiadicum, 1: Rectum, C: 2.
caudal vertebra, 5: M. obturatorius internus, f: Fossa ischiorectalis, 6:
M.gluteus superficialis, 7: M. bulbospongiosus, 8: Lig. sacrotuberale,
P:Canalis pudendalis.

Statistical Analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences version 21.0. (IBM SPSS Corp.; Armonk, NY,
USA). The conformity of the variables to the normal distribution
was examined using visual and analytical methods. Data obtained
from the right and left lig. sacrotuberale were compared with
paired sample t-test. P < .05 was accepted statistically signifi-
cant. Data are expressed as mean + standard error (mean + SE).

RESULTS

Information about age, height, and weight of male and female
animals used in the study is given in Table 1, and morphometric

Table 1. Age, Body Height, and Weight of the Animals Used in the Study

Breed Age Height (cm) Weight (kg)
First male Pariah dog—mongrel 8-10 86 23
Second male  Pariah dog—mongrel 6-8 94 25
Third male Pariah dog—mongrel 1-3 80 17
Fourth male  Pariah dog—mongrel 1-3 89 14
First female ~ Pariah dog—mongrel 5-7 107 22
Secondfemale Pariah dog—mongrel 1-3 92 15
Third female  Pariah dog—mongrel 35 105 24

measurements of lig. sacrotuberale are given in Table 2. In the
study, the average height of the dogs was 93.28 + 3.70 cm and
their average weight was 20.00 + 1.72 kg.

In the thickness measurements made in the lig. sacrotuberale,
the mean origo thickness was 12.20 + 1.37 mm on the left, 12.06
+ 1.34 mm on the right, the mean midpoint thickness was 4.30 +
0.48 mm on the left, 4.21 + 0.48 mm on the right, the mean inser-
tio thickness was 8.60 + 118 mm on the left side, and 8.57 + 1.19
mm on the right side. The mean length of the left ligament was
93.39 + 4.33 mm, and 93.51 + 4.32 mm on the right. When the lig.
sacrotuberale length of the right and left sides were compared,
no statistical difference was found (P > .05).

In all of our dissections performed on dogs in the study, it
was determined that the lig. sacrotuberale originated from
the caudolateral surface of the last sacral vertebra and the
craniolateral of the first coccygeal vertebra and had a termi-
nation point on the dorsal surface of the tuber ischiadicum
(Figures 1-3). It was observed that it started in the form of a
flat fan from the caudolateral of the last sacral vertebra, which
was the starting point of the ligament, and progressed in a
rounder and thicker manner after approximately 25-35 mm.
The ligament termination on the tuber ischiadicum was
wide and flattened like at the origin point, but the ligament
was thinner and weaker than the origin in this region. In the
measurements made regarding the lig. sacrotuberale, it was
observed that the length value of the ligament increased and
took on a wider and more flexible structure, while the width
of the insertio increased significantly with the advancing age
of dogs. In the study, it was determined that the nerve ischia-
dicus was located 25-40 mm craniomedial from the midpoint
of a 45° straight line drawn between the last sacral vertebra
and the tuber ischiadicum and was 50-70 mm deep of the
region muscles (musculus gluteus superficialis and musculus
biceps femoris (Figures 5 and 6)). The vascular nerve bundle
consisting of nerve pudendus, arteria pudenda interna, and
vena pudenda interna was located 40-50 mm inside the fat

Table 2. Ligamentum Sacrotuberale Measurement Values (Mean + Standard Error)

Thickness of the Origo (mm)

Thickness of the Midpoint (mm)

Thickness of the Insertio Length of the Ligament (mm)

Gender Left Right Left Right Left Right Left Right
First male 15.96 15.89 5.61 5.47 13.04 13.01 109.3 108.8
Second male 9.68 9.99 5.29 5.19 12.87 12.95 106.04 106.90
Third male 14.62 14.32 3.51 3.08 5.55 5.63 85.97 86.38
Fourth male 7.59 7.52 2.20 2.27 5.84 5.80 80.62 80.72
Mean + SE 11.96 + 1.98 11.93 + 1.93 4.15+0.79 4.01+0.78 9.32 + 2.09 9.35 + 2.09 95.4 8+ 7.15 95.70 + 7.12
First female 14.75 14.77 5.51 5.54 8.11 8.20 93.32 93.24
Second female 7.98 7.76 4.41 4.39 6.91 6.78 81.44 81.56
Third female 14.85 14.16 3.57 3.52 7.89 7.65 97.07 96.99
Mean + SE 12.53 + 2.27 12.23 + 2.24 4.49 + 0.56 4.48 +0.58 7.64 £0.37 7.54 +£0.41 90.61 £ 4.71 90.5 9 + 4.64

SE, standard error.
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Figure 5. Position of the ligamentum sacrotuberale in male dog. 1: M.
coccygeus, 2: M. levator ani, 3: M. gluteus superficialis, 4: M. obturatorius
internus, 5: M. biceps femoris, sm: M. semimembranosus, st: M.
semitendinosus, 7: Anus (zona cutanea), 8: M. sphincter ani externus, s:
Lig. sacrotuberale, t: Tuber ischiadicum, k: Caudae.

Figure 6. Position of the ligamentum sacrotuberale in female dog. 1: M.
coccygeus, 2: M. levator ani, 3: N. ischiadicus, 4: M. obturatorius internus,
5: N. pudendus, 6: A. et V. pudenda interna, 7: Anus (zona cutanea), 8: M.
sphincter ani externus, 9: Fossa ischiorectalis, s: Lig. sacrotuberale, t:
Tuber ischiadicum, v: Vulva, k: Caudae.

layer filling the fossa ischiorectalis and caudolateral to the
musculus coccygeus (Figure 6).

DISCUSSION

Ligamentum sacrotuberale is used in cases of hip dislocation,
which is frequently encountered in dogs.®¢* It can be used to
strengthen repair, as the inclusion of the lig. sacrotuberale in a
herniorrhage does not increase the risk of complications or nerve
injury.”> In studies using the transposition method of the lig.

Vet Sci Pract. 2022; 17(3), 103-107 | DOI: 10.5152/VetSciPract.2022.221725

sacrotuberale, the ligament was cut from the origin point and
directed to the coxo-femoral region, passed through the holes
opened on the acetabulum, and served as a support.5® In orderto
contribute to the transposition method of the ligament applied
by the surgeons, as a result of our dissections, placing additional
support sutures along the fixed ligament would be a more com-
plementary and long-lasting approach, since the tuber ischiadi-
cum, where this ligament ended, was weaker on the apex surface.
In the surgical operation that includes the method of placing
sutures around the lig. sacrotuberale for perineal hernia, the
position of the anatomical structures of nerve ischiadicus, nerve
pudendus, arteria pudenda interna, and vena pudenda interna
should be well known."224-27

Evans and de Lahunta® stated that the lig. sacrotuberale con-
sisted of a flattened fibrous stripe at both ends and was extending
between the caudolateral endpoint of the sacrum and the pro-
cessus transversus of the first caudal vertebra to the lateral part
of the tuber ischiadicum. Takci and Ozcan* stated that the origin
of lig. sacrotuberale started from the last sacral vertebrae and
the first 2 coccygeal vertebrae. While the information obtained in
the dissections and CT images in our study was compatible with
Evans and de Lahunta,® it was not in line with Takci and Ozcan.*

It was stated that the lig. sacrotuberale anatomically served as
the origin for musculus abductor cruris caudalis, musculus biceps
femoris, musculus Piriformis, and musculus gluteus superficia-
lis.>* Similar findings were also reported in our study.

Takci and Ozcan* reported that the length of the lig. sacrotuberale
was 88 mm. In the present study, this value was determined to
be 95.48 + 715 mm on the right side and 9570 + 712 mm on
the left side in male dogs, and in female dogs, 90.61 + 471 mm
on the left and 90.59 + 4.64 mm on the right. It was concluded
that the findings of Takci and Ozcan“ could only be found in small
dogs. Miller®?® stated that the midpoint width of the ligament in
large dogs was at most 3 mm. In the present study, the midpoint
width of the ligament was determined as 4.15 + 0.79 mm on the
left and 4.01 + 0.78 mm on the right in male dogs and 4.49 + 0.56
mm on the left and 4.48 + 0.58 mm on the right in female dogs.
This difference was thought to be due to the breed of dogs used.

In conclusion, it is critical to specify the anatomical dimensions
of this ligament, its structure, and the position of adjacent ana-
tomical structures in newly developed techniques such as peri-
neal hernia repair and hip luxation treatment to be performed
in dogs, using the lig. sacrotuberale. With the study, the exact
location of the lig. sacrotuberale was determined by dissec-
tions and 2D radiological and 3D modeling on the CT images
obtained,®* and data of the ligament were created with mor-
phometric measurements. With the present study, determining
the location of the ligament with various methods has enabled
the accuracy of different information specified in the literature
to be tested, and it is thought that the measurement data cre-
ated will be important in clinical studies. The data obtained
will be able to contribute to the studies to be done in surgery
and on the region.
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