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Fig 9. Histopathological examination of mice
spleen, liver and kidney (HEx400). a,b,c: spleen,
liver and kidney of normal mouse; d,e,f: spleen,
liver and kidney of mice injected with LM-
ArncS; g,h,i: spleen, liver and kidney of mice
injected with LM EGD-e

In day 3-5, the bacterial load in the liver and spleen was
significantly different between the two groups (P<0.05)
(Fig. 8A,B).

Histopathological analysis revealed that compared with the
spleen (Fig. 9a), liver (Fig. 9b) and kidney (Fig. 9c) of normal
mice, the LM EGD-e-infected mice had partial hepatocyte
necrosis, hepatic lobular inflammatory cell infiltration, the
tissue structure was unclear and a reticular filamentous
structure appeared (Fig. 9h). Transparent degeneration and
lymphoid tissue necrosis occurred in spleen reticular fibers,
spleen nodules increased in size, intercellular structure
was loose, and interstitial volume was widened (Fig. 9g).
Renal venular hemorrhage occurred, inflammatory cells
appeared, and the interstitial volume was enlarged (Fig.
9i). Compared with the LM EGD-e-infected mice, the
pathological changes were obviously alleviated in LM-
ArncS-infected mice (Fig. 9d,e,f), indicating that rncS gene
deletion reduced the virulence of LM.

DISCUSSION

Studies have found that RNaselll is a highly conserved
nuclease that can cleave double-stranded RNA and
participates in the regulation of bacterial ncRNA, directly or
indirectly affecting the adaptability of bacteria in stressful

environments such as weak bases and oxidation '¢'8, Kim
et al." found that RNase lll is involved in the regulation
of low temperature stress response in E. coli. Roy and
Chanfreau 2% confirmed that degradation of BDF2 mRNA
by RNase Il under hypertonic conditions resulted in a
significant decrease in the growth of the yeast Abdf1
deletion strain. So far, more than 200 ncRNAs have been
found in LM Y, These ncRNAs may be associated with
various life activities such as acid-base tolerance, glucose
metabolism and stress response of LM 2224, |n this study,
we confirmed that RNase lll is involved in the regulation of
stress response of LM to low temperature, high temperature,
ethanol, high salt, alkaline and oxidative environment.
However, which ncRNAs are required to mediate RNase
Il regulated environmental stress response of LM is still
unclear. RNase Il can indirectly affect the formation of
biofilm by regulating the expression of some genes in
bacteria. Saramago et al.?”! verified that in R. typhimurium,
RNase Ill regulates the production of biofilms by regulating
the mRNA level of a transcriptional regulator CsgD that
regulates the expression of biofilm-associated matrix
compounds and the expression of the flagellin f]jB and fliC
genes?®, Kim et al.?” revealed that RNase lll can regulate the
formation of E. coli biofilm through the RNase lll-dependent
pathway. Ruiz et al.”® confirmed in S. aureus, the pairing of
the biofilm repressor IcaR 3’-UTR with the 5-UTR provides
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a double-stranded RNA substrate for RNase Ill, which
accelerates the decay of icaR mRNA and regulates the
formation of biofilms. In addition, Zhao et al.?*” verified that
RNase lll indirectly regulates the formation of Salmonella
typhimurium biofilm by catalytically cleaving the 3'UTR of
the riboflavin synthase subunit RibE a mRNA to generate
a novel ncRNA RibS. Lemon et al.>% found that prfA plays
a role in flagella-mediated movement and maturation of
the biofilm after initial surface adhesion, whereas ncRNA
SreA interacts with the 5'UTR of PrfA mRNA and reduces
the stability of prfA transcript or prfA mRNA translation. In
addition, SreA can also regulate the expression of AgrD B"
and indirectly regulate the adhesion process of biofilms 32,
Studies also revealed that oB regulates the formation
of biofilm by regulating the expression of flagellin &%,
while RNase Il can cleave oB-dependent sRNA SbrA B4,
suggesting that RNase Ill indirectly regulates the formation
of biofilm. In this study, the phonotype analysis result
demonstrated that the biofilm formation ability of LM-
ArncS was significantly lower than that of LM EGD-e, and
gRT-PCR further confirmed that the transcription levels of
both SreA and SbrA genes were decreased, suggesting that
RNase Ill may be indirectly involved in the regulation of
biofilm formation through biofilm-associated ncRNA SreA
and SbrA-mediated regulation.

Recent studies have also found that RNase Il also plays an
important regulatory role in the expression of bacterial
virulence genes B, Darfeuille et al."" found in E. coli that
RNase Ill mainly cleaves tisAB mRNA after IstR-1 SRNA
binding. Furthermore, in vivo RyhB sRNA decay depends
on RNase lll after sSRNA pairing with the 5'-UTR of its mRNA
target 2. Abidat revealed that RNase Ill can directly act
on the virulence-related genes of Salmonella, and can
also bind small non-coding antisense RNA molecules
and mRNA target complexes to regulate the expression
of virulence genes *.. Bonnin and Bouloc B” found that
RNase Il is involved in the regulation of the expression of
celladhesion factors in S. aureus. In this study, cell infection
assay result confirmed that the adhesion, invasion and
intracellular survival and proliferation of LM-ArncS in
macrophages were significantly decreased. Meanwhile, the
transcription levels of InlA, hly, prfA and SigmaB gene were
significantly lower than those of LM EGD-e. In addition, the
animal infection test further confirmed that the survival
ability of LM-ArncS in the liver and spleen was significantly
decreased, indicating that the rncS gene plays a regulatory
role in the virulence of LM. However, which ncRNAs are
involved in RNase lll-mediated regulation of the virulence
in LM require further study of transcriptomics of LM-ArncS
deletion strain.

In conclusion, we for the first time confirmed that RNase
Il rncS is involved in the environmental stress response,
biofilm formation and virulence in LM, which provide
insights into the regulatory role of RNase Ill rncS in LM
environmental adaptability and pathogenicity.
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Abstract

Fasciolosis is a parasitic infection with socioeconomic implications that causes essential health problems in animals throughout the world.
The current study intended to evaluate the hepatoprotective activity of silymarin alone and in combination with clorsulon in sheep naturally
infected with Fasciola hepatica. For this purpose, a total of 40 sheep (Sangsari breed) were divided into five groups as follows: 1) the healthy
sheep without treatment (the negative control), 2) the infected sheep without treatment (the positive control), 3) the infected sheep treated
with silymarin (280 mg orally from the day 1 to 14), 4) the infected sheep treated with clorsulon (7.5 mg/kg orally on the days 5, 10, and
15), and 5) the infected sheep treated with silymarin + clorsulon. The assessed serum parameters included total bilirubin, total protein,
albumin, alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transferase
(GGT). Additionally, histopathological changes in naturally F. hepatica-infected sheep and controls were investigated using light microscopy.
Biochemical analysis showed significantly lower levels of AST, ALT, ALP, GGT, bilirubin, protein, and albumin in infected animals than in the
healthy group (P<0.05). Silymarin plus clorsulon treatment showed a remarkable improvement in both biochemical and histopathological
parameters (P<0.05). In conclusion, the results of the biochemical analysis were in line with the pathological findings showing that silymarin,
in combination with clorsulon, was superior to each compound alone in terms of hepatoprotective activity.

Keywords: Fasciola hepatica, Sheep, Silymarin, Hepatoprotective, Biochemical parameters, Clorsulon

Fasciola hepatica ile Dogal Enfekte Koyunlarda Silymarinin Klorsulon ile
Kombinasyonunun Hepatoprotektif Aktivitesi

Oz

Fasciolosis, tim dinyada hayvanlarda temel saglik sorunlarina neden olan ve sosyoekonomik etkilere sahip paraziter bir enfeksiyondur. Bu
calisma, Fasciola hepatica ile dogal olarak enfekte olmus koyunlarda silymarinin tek basina ve klorsulon ile kombinasyon halinde kullaniminin
hepatoprotektif aktivitesini degerlendirmeyi amaclamistir. Bu amagla toplam 40 koyun (Sangsari irki) bes gruba ayrildi: 1) tedavi gérmeyen
saglikh koyunlar (negatif kontrol), 2) tedavi gérmemis enfekte koyunlar (pozitif kontrol), 3) silymarin ile tedavi edilen enfekte koyunlar
(1. glinden 14. guine kadar oral yoldan 280 mg), 4) klorsulon ile tedavi edilen enfekte koyunlar (5, 10 ve 15 giinlerde agizdan 7.5 mg/kg)
ve 5) silymarin + klorsulon ile tedavi edilen enfekte koyunlar. Serum parametreleri olarak total bilirubin, toplam protein, alblimin, alanin
aminotransferaz (ALT), aspartat aminotransferaz (AST), alkalin fosfataz (ALP) ve gama-glutamil transferaz (GGT) incelendi. Bunun yani sira,
dogal olarak F. hepatica ile enfekte ve kontrol grubundaki koyunlarda histopatolojik degisiklikler 15tk mikroskobu kullanilarak incelendi.
Analiz sonuglari, enfekte hayvanlarda AST, ALT, ALP, GGT, bilirubin, protein ve albiimin diizeylerinin saglkl gruba gére anlamli derecede
disik oldugunu gosterdi (P<0.05). Silymarin ve klorsulon kombinasyonu ile yapilan tedavide, hem biyokimyasal hem de histopatolojik
parametrelerde kayda deger bir iyilesme gozlendi (P<0.05). Sonug olarak, biyokimyasal analiz sonuclari, patolojik bulgularla uyumlu olarak,
silimarinin klorsulon ile kombinasyonuyla yapilan tedavinin, hepatoprotektif aktivite agisindan diger tedavilerden daha Ustiin oldugunu
gosterdi.

Anahtar sézclikler: Fasciola hepatica, Koyun, Silymarin, Hepatoprotektif, Biyokimyasal parametreler, Klorsulon
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INTRODUCTION

Fasciolosis is a parasitic disease in domestic animals and
humans mainly caused by a hepatic trematode parasite,
F. hepatica. The parasite usually localized in the liver, gall-
bladder, and bile ducts of the host . This infection has
particular implications as it reduces meat and milk
production, quantity and quality of wool, and fertility. One of
the most effective flukicide compounds among anthelmintic
drugs is clorsulon that belongs to sulphonamides '3,
Based on fecal egg count or postmortem studies, clorsulon
is mainly effective against mature flukes via subcutaneous
injection or orally .

Although chemical compounds (clorsulon, triclabendazole,
and albendazole) ® can facilitate parasite control, traces of
hepatic injuries or pathological sequelae of the parasite
remain in the liver of the host, making such drugs an
inappropriate choice for medical application 7. The use of
different compounds in combination is an excellent strategy
to act against both parasite and its pathological sequelae.
Due to its unique hepatoprotective, antioxidant, and anti-
inflammatory activities, silymarin is currently at the core
of many biological innovations in clinical medicine. It is a
mixture of phenylpropanoid and flavonoid derived from
the extract of Silybum marianum (Milk thistle) ®. The use of
this plant in liver disease and the gastrointestinal problem
describes in ancient medical books .. In folk medicine, in
many countries, S. marianum (L.) is used for the treatment
of gallbladder and liver disorders (jaundice, cirrhosis,
and hepatitis) '” and protection against environmental
and chemical liver poisoning "". Silymarin is widely used
as a nutritional supplement or therapeutic agent in liver
disease without serious side-effects in both animals and
humans 1273,

The current study designed to evaluate the hepatoprotective
activity of silymarin alone and in combination with clorsulon
in sheep infected with F. hepatica by measuring some
hepatic biochemical parameters (aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase
(ALP), gamma-glutamyl transferase (GGT), total bilirubin,
albumin, and total protein). Moreover, the hepato-
protective activity of the compounds was assessed using
histopathological analysis.

MATERIAL and METHODS

Drugs and Dosage

Aqueous suspension of silymarin (Livergol’; Goldaru, Iran)
280 mg was given from day 1 to 14 " and clorsulon (Triveni
Chemicals, India) 7.5 mg/kg/day administered orally on
the days 5, 10, and 15.

Experimental Design

All experiments were directed in agreement with the

Guide for the Care and Use of Laboratory Animals in
Research, approved by the University.

Forty male and female Sangsari sheep, 3-5-year-old,
weighing 30-55 kg, were assigned to five groups of eight
sheep. Before starting the experiment, 100 sheep were
inspected for the presence of F. hepatica based on the egg
count of fecal samples " The fecal samples were collected
directly from the rectum and preserved in a plastic bottle
containing a 10% formalin solution %', Thirty-two F.
hepatica-infected sheep selected by the sedimentation
technique allocated to four accidental groups. A healthy
animal group was also used for better comparing the
hepatoprotective effects of the compounds. Groups were
designated as follows: group 1 (H), the healthy sheep
without treatment (the negative control, n=8); group 2 (F),
the infected sheep without treatment (the positive control,
n=8); group 3 (F+S), the infected sheep with silymarin
treatment (280 mg orally from the day 1 to 14, n=8); group
4 (F+CL) ( the infected sheep with clorsulon treatment (7.5
mg/kg orally on the days 5, 10, and 15, n=8); and group 5
(F+S+CL), the infected sheep with clorsulon plus silymarin
treatment (n = 8).

Blood Samples and Biochemical Analysis

Blood samples from the external jugular vein were collected
on days 0, 7, 14, and 21 and kept at +4°C for further
biochemical analysis. For serum separation, blood tubes
centrifuged at 3000 rpm for 10 min. Due to the poor
stability of enzymes and bilirubin in the serum, the
samples analyzed within six h. Liver enzymatic activities
of AST, GGT, ALP, and total bilirubin, and total protein
measured according to standard procedures using a BT-
1500 automatic analyzer.

Histopathological Analysis

Before the animals slaughtered, the transversal sections
of all liver lobes were collected, fixed in buffered form-
aldehyde solution, embedded in paraffin, and sent to a
histopathological laboratory. Five-micrometer sections
were stained based on the hematoxylin-eosin (H & E)
technique and examined under light microscopy. The levels
of inflammation ¥, bile duct hyperplasia, necrosis, and
fibrosis were determined in 5 to 10 histological sections
per animal, randomly chosen. Two blinded observers
performed all evaluations. The score of lesions were
distinguished as follows: Necrosis: 0, none; 1, focal necrosis
less than 25%; 2, focal necrosis 25-50%; 3, zonal necrosis
50-75%; 4, massive necrosis. Inflammation: 0, none; 1, focal
inflammation less than 25%; 2, focal inflammation between
25-50%; 3, zonal inflammation; 4, extensive inflammation.
Fibrosis: 0, none; 1, periportal fibrosis; 2, portal expansion;
3, septal development; 4, global septal fibrosis. Hyperplasia of
the bile duct: 0, none; 1, mild hyperplasia less than 25%; 2,
moderate hyperplasia 25-50% lesions; 3, severe hyperplasia
between 50-75% lesions; 4, extensive hyperplasia "%,
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Statistical Analysis

Statistical comparisons and graphs performed with
GraphPad Prism software using the one-way and two-way
analysis of variance (ANOVA) tests. P-values of less than
0.05 were measured statistically significant.

RESULTS

Biochemical Parameters

In the present study, the mean serum levels of ALT, ALP,
AST, and GGT were significantly higher in the infected
sheep groups than in the healthy group before treatment.
The mean levels of ALT, ALP, AST, and GGT in F. hepatica-
infected sheep decreased following the administration of

the combination treatment with silymarin and clorsulon
after 21 days (Table 1). The hepatoprotective effect of
silymarin was also remarkable on the level of these enzymes
at different intervals, so that the mean levels of these
enzymes decreased on the day 21 in the silymarin-treated
group compared to the day 1 (P<0.05; Table 1).

As shown in Table 1, the total protein and albumin levels
were significantly lower in the infected groups than in
the healthy group on day 1 of the study. Lower levels of
total protein and albumin are also other indicators of liver
disorder or injury. As shown in Table 1, the primary levels
of these proteins were significantly lower in the control
group than in the healthy group. Comparison of before
and after treatment (the day 1, 7, 14, 21) by silymarin with/
without clorsulon significantly increased the total protein

Table 1. Time variations of biochemical parameters in F. hepatica-infected sheep treated with Silymarin, Clorsulon, and their combination

Group Time Interval Group 1 Group 2 Group 3 Group 4 Group 5
(d) (H) (F) (F+S) (F+CL) (F+S+CL)
1 0.13+0.04 ** 2.57+0.08 b* 2.61£0.21 o 2.81+0.14 2.87+0.10 b
TS 7 0.16+0.03 ** 2.57+0.086 %* 2.52+0.10 ®* 2.24+0.13 ** 2.11£0.15 b*
14 0.15+0.03 ** 2.89+0.1 2.45+0.13 ¢ 1.88+0.21 0.97+0.31 ¢
21 0.15+0.02 ** 3.52+0.18 ** 2.34+0.01 1.13+0.12 ¢ 0.18+0.07 **
1 6.52+1.01° 4.6+0.7 °* 4.8+0.3 % 4.4+0.3 3.9+0.5 **
Albumin 7 6.25£1.05° 4.5+0.4 b 4.6+0.3 °* 4.7+0.3 4.6+0.5
14 6.25+0.9° 3.6+0.5 " 4.3+0.2 bt 5.2+0.7 * 5.8+0.45 b
21 6.12+1.01° 2.9+0.3 P 3.9+0.2 < 6.1+0.6 ° 6.7+0.14 =
1 8.08+0.3 ° 5.32+1.17 % 5.2+0.8 ®* 5550 05 5505
Total protein 7 8.9+0.19° 5.2+1.1b 5.140.6 ¥ 5.4+1.01 b 6.17+0.3 b
14 8.0£0.3° 4.9+0.8 °* 4.9+0.7 6.75+1.6 **" 7.4+0.7 %
21 7.92+0.6 ° 4.4+0.4° 4.17+0.8° 7.8£2.1% 9.1£1.2°
1 68+2.5 ## 177+0.6 * 194+4.5 b 184+3.4 5% 176+3.1 5%
7 63+1.9 % 185+1.6 202+3.1 b 158+2.7 b* 173+3.4 5%
AST 14 67+2.4 % 164+1.3 b 159+2.7 b 158+3.1 °* 176+2.3 o
21 61+2.3 9 176+0.4 °* 131+2.3 19242.1 75+3.7 ¢
1 49+33° 60+3.4° 51+4.3° 59+3.1° 69+4.2 °#
7 41+£29° 65+4.1° 50£3.2% 56+4.1° 58+3.1
AT 14 40+4.2° 68+3.7° 49+33° 51+4.2° 49+3.4 2%
21 46+3.6° 72+4.1° 474342 42+3.8% 37+29¢
1 16+3.6 324+12.1 328+13.3 % 361£13.9 % 405+23.9
7 16+3.6 ** 392+15.7 b 323+11.4°* 311+£13.4 b 321+17.8°*
ALP 14 15+3.3 % 408+14.5 0 350+17.2 b 372+11.7 b 273+13.2¢
21 115827 & 528+13.6 %" 415+£16.6 > 27/ @.2 141.7+£12.5¢
1 2.75+0.5 ** 26.5+8.2 ** 26.2+9.03 ** 30+12.1 b 38.5+19.1 <
7 2.5+0.5 #* 30.5+£11.8°* 30.7£10.4 °* 26.2+11 b* 33.7+£14.2 %
eeT 14 2.25+0.5 * 37.3+£10.1 35+10.1 b 21.7+£9.8 b<# 19.254£5.1 ¢
21 2.25+0.5 < 51.3+12.3*" 43.75+3.07 # 15.5+11.01 b* 10.75£2.2
Data are expressed as mean + standard error of the mean (SEM). Means with superscripts a, b, ¢, and d along a row differ significantly at P<0.05; Means
with superscripts #, *, A, and x along a column differ significantly at P<0.05. Group 1 (H), the healthy sheep without treatment; group 2 (F), the infected sheep
without treatment; group 3 (F+S), the infected sheep with silymarin treatment (280 mg orally from the day 1 to 14); group 4 (F+CL) the infected sheep with
clorsulon treatment (7.5 mg/kg orally on the days 5, 10, and 15); and group 5 (F+S5+CL), the infected sheep with clorsulon plus silymarin treatment
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Fig 1. Liver tissue samples of sheep
in the group 1 (the healthy group)
show no pathological changes.
Arrowheads point to A, central vein
(H&E, 40X) and B, healthy hepato-
cytes (H&E, 400X)

Table 2. The pathological findings of sheep liver in all the groups

Newoss | o | sasasr 35:053° 21252035 08752035~
Fooss | o | aazsste 32550467 225504% 0755046

13.75+£1.28

Total lesion 0 13.75+£0.7 9+0.75 3.25+0.1

A P<0.05 compared with the healthy group; 8 P<0.0001 compared with the healthy group; €P<0.0001 compared with the F. hepatica infected group.

F and P-value for within and between factors are as follows: Row factor, F (3, 140) = 1.018, P = 0.3867. Column factor, F (4, 140) = 381.2, P<0.0001. Data are
expressed as mean + SEM. Group 1 (H), the healthy sheep without treatment; group 2 (F), the infected sheep without treatment; group 3 (F+S), the infected
sheep with silymarin treatment (280 mg orally from the day 1 to 14); group 4 (F+CL) the infected sheep with clorsulon treatment (7.5 mg/kg orally on the days
5,10, and 15); and group 5 (F+S+CL), the infected sheep with clorsulon plus silymarin treatment. Lesion score: Necrosis: 0, none; 1, focal necrosis less than
25%; 2, focal necrosis between 25-50%; 3, zonal necrosis between 50-75%; 4, massive necrosis. Inflammation: 0, none; 1, focal inflammation less than 25%; 2,
focal inflammation between 25-50%; 3, zonal inflammation; 4, extensive inflammation. Fibrosis: 0, none; 1, periportal fibrosis; 2, portal expansion; 3, septal
development; 4, global septal fibrosis. Hyperplasia of the bile duct: 0, none; 1, mild hyperplasia less than 25%; 2, moderate hyperplasia between 25-50%

lesions; 3, severe hyperplasia between 50-75%; 4, extensive hyperplasia

Fig 2. Liver tissue samples of sheep
in the group 2 (no treatment) show
pathological changes. Arrowheads
point to immune cell infiltration,
and arrow indicates fibrosis and bile
duct hyperplasia (A, 400X &B, 100X)

and albumin levels, which is a significant difference in the
combination of these two drugs.

In the present study, the serum level of total bilirubin
was remarkably higher in the infected groups than in
the healthy group. The increased concentration of total
bilirubin is another indicator of hepatic injury. While
clorsulon showed a moderate effect on decreasing total
bilirubin, treatment with a combination of silymarin and
clorsulon resulted in a significant decrease in the serum
level of total bilirubin at the end of the experiment (Table
1). The total bilirubin level was also significantly lower in
the group treated with silymarin alone than in the infected
untreated group (P<0.01).

Effects of Silymarin, Clorsulon, and Their Combination
on Histopathological Parameters

Liver histopathology disclosed more inflammatory cell
infiltration, fibrosis, necrosis, and bile duct hyperplasia in
F. hepatica-infected sheep on day one than in the healthy
group (Fig. 1). As shown in Fig. 1A,B, the liver of group 1 (the
healthy sheep with no treatment), had normal hepatocytes
without any pathological lesions.

Fig. 2 shows the effects of F. hepatica parasites on the liver
of the control group (without any treatment). The parasite
caused massive necrosis, fibrosis, hepatitis, bile duct
hyperplasia, and high rate of immune cell infiltration into
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Fig 3. Liver tissue samples of sheep
in the group 3 (Silymarin treatment:
280 mg/day) show pathological
changes. Arrowheads point to the
sites of fibrosis, hyperplasia, and
inflammation (A, 100X & B, 400X)

Fig 4. Liver tissue samples of sheep
in the group 4 (clorsulon treatment:
7.5 mg/kg/day) show pathological
changes. Arrows point to the sites of
fibrosis and hyperplasia, and arrow-
heads show inflammation (A, 100X
&B, 400X)

the liver of the infected sheep (Table 2, P<0.0001).

The therapeutic effects of silymarin and clorsulon on the
liver of F. hepatica-infected sheep showed in Fig. 3 and
Fig. 4, respectively. Although the bile duct hyperplasia
reduced slightly in clorsulon-treated sheep (Table 2),
there were no significant changes in histopathological
parameters following treatment with silymarin (group 3)
or clorsulon alone (group 4) compared with the control
group. The high rates of necrosis, fibrosis, hepatitis, and
immune cell infiltration were still significant in these
groups even after 21 days of treatment (Table 2). The
results indicated the hepatoprotective activity of silymarin
when used in combination with clorsulon. In group 5
(clorsulon+silymarin treatment), the histopathological
changes were considerable, as Fig. 5 shows mild fibrosis,
mild hepatitis (Fig. 5A), mild bile duct hyperplasia, and less
immune cell infiltration (Fig. 5B) after 21 days of combination
treatment. Table 2 shows the histopathological findings of
the liver in all groups. As can be seen, all the pathological

Fig 5. H&E stained liver tissue
samples of sheep in the group 5
(clorsulon + silymarin treatment)
show pathological changes. Arrow-
heads point to the sites of fibrosis,
hyperplasia, and inflammation; (A,
40X & B, 100X)

parameters were significantly lower in sheep treated with
the combination of silymarin and clorsulon than in other
infected groups after 21 days (P<0.0001).

DISCUSSION

Many studies have been investigated to find a suitable
drug to reduce the hepatotoxicity effects of antiparasitic
drugs in parasitic diseases such as fasciolosis. F. hepatica
migration to the liver causes damage to the hepatic
cell wall and leads to hepatic tissue necrosis and Biliary
obstruction ©%. These effects cause changes in hepatic
biochemical serum parameters. It showed that some
hepatic biochemical parameters such as AST, ALT, and GGT
are the reliable indicators of fascioliasis in sheep and could
be used to determine the effectiveness of anthelmintic
therapy in infected animals 119222, |t also indicated that
partial recovery of the liver following some treatments
is associated with lower activities of these enzymes in
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F. hepatica-infected sheep 2. Although chemotherapy
eliminates F. hepatica parasites significantly, less effective
drugs may relieve the hepatic injuries and fibrosis due to
parasites migration. Therefore, treatment targeting hepatic
injuries caused by F. hepatica needs more investigations.
Determination of plasma liver enzyme levels is a valuable
method for assessing the efficacy of treatment in sheep
infected with F. hepatica ™. Lower serum levels of ALT,
glutamic-oxaloacetic transaminase (GOT), and GGT are
considered normal in the blood of sheep, while the higher
serum activities of ALT, ALP, AST, and GGT in the infected
animals are mainly the consequence of hepatic lesion and
cholestasis .

In the current study, we evaluated the hepatoprotective
activity of silymarin alone and in combination with clorsulon
against F. hepatica in naturally infected sheep at different
intervals for the first time. The observed elevation of
serum transaminases (AST and ALT) and GGT in the
infected animals before treatment could be related to
the degenerative changes and hepatocellular necrosis
produced by the migration of flukes through the liver
parenchyma 3. It has also been reported that the
increased level of AST and GGT could be an indicator of
chronic fascioliasis and liver cell damage ?'**?*! while using
a hepatoprotective agent like silymarin could reduce the
serum levels of AST and ALT 2. Besides, the GGT level
reduction after treatment could be the consequence of
partial recovery of the liver ",

In the present study, the serum levels of GGT, AST, and
ALT decreased significantly following treatment with
a combination of silymarin and clorsulon at the end of
the treatment course (day 21). The reduction of these
enzymes between the days 14 and 21 (Table 1) could be
attributed to eliminating the parasite and preventing liver
damage through maintaining the integrity of the plasma
membrane, thereby suppressing the leakage of enzymes.
In the present study, the histopathological findings also
confirmed the biochemical results in which the liver
damage improved after combination treatment (Fig. 5).
Another liver enzyme, ALP, also had a higher level in the
infected groups than in healthy animals at the beginning
of the study. The role of ALP is to transport metabolites
across cell membranes. One of the most common reasons
for hepatic disease is the pathological elevation of ALP
levels 27, Although the combination treatment with
silymarin and clorsulon resulted in a significant reduction
of this enzyme (Table 1), it did not reach the baseline level
at the end of the study, confirming that its level usually
decreases slowly after resolution and thus, it needs more
treatment time 7, Another reason for the increase in this
enzyme in group 4 is due to the hepatotoxicity effect of
sulphonamide drugs ¥ and the sulphonamide structure
of clorsulon B, which was reduced by the administration of
silymarin and removal of the parasite in group 5.

Moreover, the decreases in serum total protein and

albumin in animals infected with F. hepatica are observed
previously %, Hypoalbuminemia causes by liver damage
in acute and chronic fascioliasis and can cause biliary
obstruction, cholangitis, anemia, destruction of liver
tissue, and fibrosis #°. Clorsulon and its combination
with silymarin were effective to some extent, even at the
beginning of the treatment. The increased levels of total
protein and albumin at the end of treatment (day 21) by
silymarin with/without clorsulon could be related to the
hepatoprotective and anthelmintic activities of silymarin
and clorsulon, respectively. The considerable increase in
the total protein and albumin levels occurred at the end
of the treatment by the combination therapy suggesting
improved liver damage and less bile duct hyperplasia and
fibrosis (Fig. 5).

Furthermore, the biochemical analysis showed that total
bilirubin was significantly higher (P<0.05) in the infected
sheep than in the healthy group. This elevation may
be attributed to the increased production of bilirubin
because of hemolytic toxins produced by F. hepatica in the
liver %I, Since the combination treatment could affect the
parasites’death and liver parenchyma at the same time, the
lower levels of total bilirubin detected on day 21 (P<0.05).
The improvement initiated on day seven and reached the
average level similar to that of the healthy group on day 21
(Table 1). All the results of the biochemical analysis were
consistent with pathological findings (Table 2).

The pathological results showed no significant changes
following treatment with silymarin or clorsulon alone (Fig.
1, 2, 3, 4), while the decrease in immune cells infiltration,
bile duct hyperplasia, and fibrosis were considerable
following the combination therapy (Fig. 5). Silymarin and
clorsulon alone were effective to some extent and reduced
some of the biochemical parameters tested, but their
combination was superior to each agent alone in terms of
the histopathology of the damaged liver. Administration
of silymarin, in addition to clorsulon, showed complete
elimination of parasites. No visible eggs (data not shown)
and healing of hepatic lesion injuries demonstrated that
the use of silymarin along with clorsulon did not affect or
interfere with the anthelmintic activity of clorsulon. The
histopathological results of the present study confirmed
biochemical findings of the current research, and
measuring the studied parameters was useful to evaluate
the effectiveness of hepatoprotective and anthelmintic
agents.

The study, to the best of authors’ knowledge, is the first
report showing the hepatoprotective and anthelmintic
efficacy of a combination of clorsulon and silymarin against
F. hepatica in naturally infected sheep (Sangsari breed).
Silymarin showed significant hepatoprotective activity
when used in combination with clorsulon rather than
alone administration. The study results also confirmed that
serum levels of AST, ALT, ALP, GGT, albumin, protein, and
bilirubin (total) are reliable indicators of sheep fasciolosis
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and could be used to test the hepatoprotective effect of
anthelmintic and hepatoprotective agents.
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Abstract

The purpose of this study is to investigate the effects of different concentrations of Rhododendron honey (RH) on mouse cardiac muscle lipids
by Attenuated Total Reflection Fourier Transform Infrared (ATR-FTIR) spectroscopy at molecular level. For this purpose, a total of eighteen
male Mus musculus mice were divided into three groups of six animals each, one being the control group and the others being the 25 and 50
mg/kg of RH-treated groups. RH was given via gavage and the cardiac muscles of these mice were investigated 24 h after the administration.
The results revealed that 25 mg/kg of RH did not cause any significant effect except lipid peroxidation. However, 50 mg/kg RH caused
increases in the amounts of saturated and unsaturated lipids, in the ratios of lipid/protein and CH,/CH; and a decrease in the CHs/lipid which
allindicate a change in the lipid metabolism of the tissue. Moreover, the treatment with 50 mg/kg of RH caused lipid peroxidation, a decrease
in lipid order and an increase in membrane dynamic. These results revealed that RH causes significant toxic effects on cardiac muscle tissue
lipids and these effects are dose-dependent.

Keywords: Rhododendron honey, Mad honey, ATR-FTIR spectroscopy, Heart, Cardiac muscle, Lipid

Ormangiilii Bal'nin Fare Kalp Kas Dokusu Lipitleri Uzerindeki Toksik
Etkilerinin Molekiiler Diizeyde incelenmesi

Oz

Bu calismanin amaci, farkli konsantrasyonlardaki ormanguli balinin (OB) fare kalp kasi lipitleri Gzerindeki etkilerinin Azaltilmis Toplam
Yansima-Fourier Dontisiim Kizilotesi (ATR-FTIR) spektroskopisi ile molekiler dlizeyde incelenmesidir. Bu amag dogrultusunda, toplam on
sekiz adet Mus musculus erkek fare, her biri alti hayvan iceren, birisi kontrol ve digerleri 25 ve 50 mg/kg OB uygulanmis gruplar olmak tizere
¢ gruba ayrildi. OB gavaj yoluyla verildi ve bu farelerin kalp kaslari uygulamadan 24 saat sonra incelendi. Sonuglar 25 mg/kg OB'nin kalp
kasi lipitleri Gzerinde lipit peroksidasyonu disinda herhangi anlamli bir degisiklige sebep olmadigini ortaya cikarmistir. Ancak 50 mg/kg
OB doymus ve doymamis lipitlerin miktarlarinda, lipit/protein oraninda ve CH,/CH; oraninda artisa ve CHs/lipit oraninda azalmaya sebep
olmustur. Tim bunlar dokunun lipit metabolizmasinda bir degisiklik oldugunu gdstermektedir. Ayrica 50 mg/kg OB lipit peroksidasyonuna,
lipit diizeninde bir azalmaya ve membran diizeninde bir artisa sebep olmustur. Bu sonuglar, OB'nin kalp kasi lipitleri Gizerinde 6nemli toksik
etkiler meydana getirdigini ve bu etkilerin doza bagli oldugunu ortaya ¢ikarmistir.

Anahtar sézciikler: Ormangdili bali, Deli bal, ATR-FTIR spektroskopisi, Kalp, Kalp kasi, Lipit

INTRODUCTION extensively in the Black Sea region of Turkey show also

distribution in China, Tibet, Nepal, Tropical Asia, Europe
Rhododendron honey (RH), also known as mad honey, is  and North America ™. RH causes poisoning in humans and
obtained from plants belonging to the genus Rhododendron  animals due to the toxic compound grayanotoxin (GTX)
in the Ericaceae family. The rhododendrons growing foundin some species of the Rhodendron genus. However,
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in different regions of the world, this honey is widely used
in the treatment of various disorders such as hypertension,
gastrointestinal complaints, sexual dysfunction toothache,
colds, etc.!?.

The effect of GTX is predominantly on the voltage-dependent
sodium channel. It binds to the sodium channel in the
open position and the sodium channel becomes incapable
of closing. As a result, action potential enters a prolonged
period of hyperpolarization process 54, Through this action
mechanism, GTX affects the heart directly and causes a
wide range of systemic effects including hypotension,
arrhythmia, nausea and a reduction in spontaneous motion
by affecting the central nervous system . Most of the
published studies on RH have presented case reports either
on patient complaints after eating the honey or cases of
patients treated at emergency services . In clinical studies
examining the effects of RH on the cardiac system, it has
been reported that hypotension and bradycardia were
seen in more than 90% of the patients .,

In the literature, experimental studies on the effects
of RH on the cardiac system are extremely limited in
number, compared to the clinical trials on the subject.
For example, Onat et al.® observed obesity-related hypo-
tension, bradycardia and respiratory rate depression in
RH-treated mice. In another study, blood pressure and
heart rate were measured in rats with experimental hyper-
tension and it was reported that RH reduced the blood
pressure and heart rate in the hypertensive rats 7. Zushi
et al.® have reported that the effect of GTX on the neuro-
muscular junction was achieved by increased permeability
of the membrane to sodium. In a recent experimental
study investigating the dose-related cardiovascular effects
of GTX-lll, it was reported that it could be lethal at high
doses due to cardiac arrest L.

Fourier transform infrared (FTIR) spectroscopy is a high-tech
tool that gathers valuable information about biological
tissues and membranes by measuring the vibrations of
molecules .. By using the attenuated total reflection (ATR)
unit in FTIR spectroscopy, it is possible to detect spectral
changes in biological tissues faster and more accurately,
regardless of sample thickness ['%. The ATR-FTIR spectro-
scopy is a unique technique that enables the detection of
absorption bands of lipids, proteins, carbohydrates and
nucleic acids in biological systems in a single spectrum
and at the same time, monitoring these molecules without
using any labeling technique "%, The main advantage of
this technique is that the samples can be investigated
without any preparation processes by placing them directly
on the ATR crystals.

Recent studies have revealed the importance of intra-
cellular myocardial and pericardial lipid deposits, showing
that even the smallest changes in these fat deposits
cause significant changes in cardiac performance "', It is
known that RH leads to cardiac side effects and functional

disorders; however, there is no study reporting the effects
of RH on the structure and function of lipids in the cardiac
muscle. The ability of a tissue to function properly is
related to its structure and ATR-FTIR spectroscopy gives
information about the structure of the tissue at molecular
level. In this study, we aimed to reveal the molecular effects
of two different doses of RH on the composition, structure
and function of the cardiac muscle lipids by using ATR-FTIR
spectroscopy. To the best of our knowledge, this is the first
study to investigate the effects of RH on cardiac muscle
lipids at the molecular level.

MATERIAL and METHODS

The RH that we used in our study was obtained from Diizce
beekeepers. As a result of the palynological analysis, the
honey sample was confirmed to dominantly (>45%) consist
of the Rhododendron ponticum pollen 12,

The amount of GTX-l and GTX-lll in the RH used in this study
was detected by liquid chromatography-mass/mass spectro-
metry (LC-MS/MS) using the method developed by Kaplan
et al."®, The limit of detection and the limit of quantification
values of the validated analysis method were 0.0033 mg/
kg and 0.01 mg/kg, respectively. The GTX-I and GTX-III
amounts of the samples were found to be 32 and 8 ug/g,
respectively, which were higher than the average values
reported previously '¥ and in parallel with the amounts of
toxic substances in RH used in other studies '+,

All experimental procedures were approved by the Abant
izzet Baysal University Medical Faculty Experimental Animals
Ethics Committee (2015/42). 18 male Mus musculus mice
(20-25 g), 8-12 weeks old, were used. The animals were
housed in a 12 h light - 12 h dark cycle at a constant
room temperature (22+2°C) and fed with mouse food
and water. The mice were divided into three groups: the
control group (n=6), the 25 mg/kg RH-treated group (n=6)
and the 50 mg/kg RH-treated group (n=6). The different
concentrations of RH were prepared by dissolving in
water and they were administered via gavage to the
animals in 0.01 mL per gram body weight ratio. 24 h after
administration, the animals were decapitated and their
heart tissues were removed and stored at -80°C for latter
ATR-FTIR spectroscopy experimentation.

The mouse cardiac muscle spectra were collected with
a Spectrum Two FTIR spectrometer equipped with an
ATR accessory (Perkin-Elmer Ltd., UK). 0.5 x 0.5 x 0.1 cm
sized sections were cut from the myocardial layer of the
heart for the ATR-FTIR studies and placed directly on the
diamond/zinc-selenide crystals of the ATR unit. For each
sample, spectra were obtained at 4 cm™ resolution and
100 force gauge with 64 scans between the 4000-900
cm’ wavenumbers. The analyses of spectral bands were
performed using Perkin Elmer software programme.
Bandwidth and band wavenumber values were calculated
at 75% of the band height 1%,
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For quantitative comparison between control and treated
samples, the areas under the lipid bands and the area ratios
of some specific infrared bands were calculated. To examine
the level of the lipid peroxidation of the system, the area
under the olefinic=CH band and the unsaturated/saturated
lipid ratio (the area of the olefinic=CH stretching band/the
sum of the areas of the saturated lipid bands), which are the
parameters used as an index for the determination of lipid
peroxidation in FTIR studies, were used ', To find out the
changes in the amount of saturated lipids, the areas under
the CH; antisymmetric (antisym) stretching, CH, antisym
stretching and CH, symmetric (sym) stretching bands and
the ratio of CH, sym/CH, sym + CH, antisym stretching
vibrations were evaluated ©'8', To have information
about the amount of triglycerides and cholesterol in the
system, the area under the C=0 ester stretching band
was analyzed . To determine the changes in the chain
length of the membrane phospholipids, the CH,/CH; ratio
(the area of the CH, antisym stretching/the area of the CH;
antisym stretching) " and in the methyl concentration,
CHs/lipid (the area of the CH; antisym stretching band/
the sum of the areas of saturated lipid bands) ratio % were
calculated. To compare the relative changes in lipid and
protein concentrations in the system, the area ratios of the
sum of the saturated lipid bands (CH; antisym, CH, antisym
and CH, sym stretching bands) and proteins (Amide Il
band) were obtained . To have information about
membrane order and membrane fluidity, the wavenumber
and bandwidth of the CH, antisym stretching band were
analyzed, respectively .

Power analysis was performed to estimate the test power
considering the sample size of each experimental group
(n=6) for a power of 80% to achieve significant statistical
differences at the 5% significance level and the calculated
effect size value was 1.55. Mann-Whitney U test, which is
a non-parametric test used to compare two independent
groups that do not require large normally distributed
samples, was performed to test the significance of the
differences between the control and RH-treated groups
two by two; that is, between the control and 25 mg/kg RH-
treated groups and the control and 50 mg/kg RH-treated

groups. The P values less than 0.05 were considered
statistically significant.

RESULTS

Fig. 1 shows the ATR-FTIR spectrum of a control mouse
cardiac muscle in the wavenumber range of 4000-900 cm'.
The main bands on the figure are numbered and their
definitions are given in Table T according to the literature.

The cardiac muscle spectrum shown in Fig. 7 can be
examined in three different regions: The large band located
at 3700-3030 cm™ (band No. 1) mainly receives signals
from the N-H groups of proteins with the little contribution
from O-H stretching of polysaccharides, carbohydrates
and water 2, The 3025-2800 cm™' region (band No's. 2-6)
is called the C-H stretching region and generally provides
information about lipids 8. The 1800-800 cm™' region
(band No's. 7-17), which is called the fingerprint region,
receives signals mostly from proteins and nucleic acids
and in small quantities from lipids and carbohydrates 2. In
this study, since we aimed to collect information about the
effects of different concentrations of RH on cardiac muscle
lipids, the detailed analyses were performed mainly in the
region of 3025-2800 cm™. Fig. 2 shows the average ATR-
FTIR spectra in the 3025-2800 cm™ region of the cardiac
muscle of control and 25 and 50 mg/kg RH-treated mice.

To obtain information about the changes in the concentra-
tions of lipid molecules after RH treatment, analyses of
the areas under the lipid bands in the FTIR spectra were
performed '8, The changes in the band area values of the
major functional groups are given in Table 2. As seen in
Table 2, the area under the olefinic=CH stretching band
(band No. 2) increased significantly in the 50 mg/kg RH-
treated group indicating an increase in the amount of
unsaturated lipids. As also seen in Fig. 2 and Table 2, the
region under the saturated lipid bands (band No's. 3, 4,
6) increased significantly in the 50 mg/kg RH group. This
result suggested that the 50 mg/kg RH administration
caused an increase in the amount of saturated lipid in
the cardiac muscle. The result derived from the analysis
of the lipid bands in the C-H region was supported by the

Fig 1. ATR-FTIR spectrum of control mouse cardiac muscle in
the 4000-900 cm™ wavenumber region
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Table 1. General band assignment of ATR-FTIR spectrum of cardiac muscle tissue based on literature 1182022

Band No | Wavenumber (cm™) | Definition of the Assignment

1 3283 Amide A: M‘ainly N-H stretchir)g of hydrogen-bonded amide groups of proteins with the little contribution from
O-H stretching of polysaccharides, carbohdrates and water

2 3011 Olefinic=CH stretching: Unsaturated lipids

3 2959 CHs antisymmetric stretching: Mainly lipids with little contribution from proteins, carbohydrates and nucleic acids

4 2924 CH. antisymmetric stretching: Mainly lipids with little contribution from proteins, carbohydrates and nucleic acids

5 2874 CHs symmetric stretching: Mainly proteins with little contribution from lipids, carbohydrates and nucleic acids

6 2855 CH. symmetric stretching: Mainly lipids with little contribution from proteins, carbohydrates and nucleic acids

7 1738 C=0 (carbonyl) ester stretching: Ester functional groups in phospholipids, triglycerides and cholesterol esters

8 1641 Amide I: C=0 stretching in proteins (80%)

9 1545 Amide Il: Proteins (60% N-H bending, 40% C-N stretching)

10 1454 CH:bending: Mainly lipids with little contribution from proteins

1 1396 COO symmetric stretching: Fatty acids and amino acid side groups

12 1302 Amide llI: Proteins (40%C-N stretching, 30% N-H bending, 20% C-C stretching)

13 1238 PO~ antisymmetric stretching: Mainly nucleic acids with some contribution from phospholipids

14 1172 CO-0O-C antisymmetric stretching: Phospholipids, cholesteryl ester and nucleic acids

15 1080 PO~ symmgtric stretching: Nucleic ac.ids and phosphoilipids;
C-O stretching: glycogen, polysaccarides and glycolipids

16 972 C-N*-C stretching: Nucleic acids, ribose-phosphate main chain vibrations of RNA

17 931 z-type DNA

__Control

ABSORBANCE (A.U))

25 mg/kg RH

_ 50 mg’kg RH

Fig 2. Average infrared spectra in the 3025-2800 cm™' spectral
region of cardiac muscle of control, 25 mg/kg and 50 mg/kg
RH-treated mice (The spectra were normalized with regard to
the amide | band)

2050

WAVENUMBER (cm™)

3025 3000 2900 2850

increase in the value of the C=0 ester stretching band
located at 1738 cm™ (band No. 7). As shown in Table 2, a
significant increase was observed in the area value of this
band in the 50 mg/kg RH-treated group.

In order to evaluate the effects of RH on the structure and
composition of the cardiac muscle lipids, the area ratios of
some specific lipid functional groups were also evaluated ©?".
The band area ratios calculated for this purpose are given
in Table 3. As shown in Table 3, the ratio of CH, sym/CH, sym
+ CH, antisym stretching vibrations increased significantly
in the 50 mg/kg RH-treated group. This increase confirmed
the increase in the amount of saturated lipids in the system

obtained from the analysis of the lipid band areas. The
unsaturated/saturated lipid ratio and the CH,/CH; ratio
increased significantly in 50 mg/kg RH-treated groups
compared to the control group. A significant decrease in
CHs/lipid ratio suggested a decrease in the amount of
methyl groups in the 50 mg/kg RH-treated group. The
lipid/protein ratio increased significantly in the 50 mg/kg
RH-treated group.

The changes in the wavenumber and bandwidth values of
the CH, antisym stretching band are given in Table 3. As
seen from this table, the wavenumbers of the CH, antisym
stretching band shifted towards higher values in the 50
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Table 2. Changes in the band area values of the major lipid bands of the ATR-FTIR spectra of the cardiac muscle of control, 25 mg/kg and 50 mg/kg

RH-treated mice

Band No | Functional Group Wavenumber (cm™) Control 25 mg/kg RH P Value® 50 mg/kg RH P Value®
2 Olefinic=CH Stretch. 3011 0.021+0.004 0.030+0.006 0.100 0.037+0.005 0.034
3 CHs Antisym. Stretch. 2959 0.433+0.018 0.448+0.038 0.807 0.461+0.018 0.034°
4 CH, Antisym. Stretch. 2924 0.815+0.025 0.855+0.072 0.376 0.896+0.063 0.043"
6 CH, Sym. Stretch. 2855 0.125+0.008 0.136+0.015 0.167 0.143+0.010 0015
7 Carbonyl Ester Stretch. 1738 0.623+0.012 0.655+0.037 0.165 0.666+0.036 0.006"
Values are given as “mean + standard deviation” for each group. Degree of significance was denoted as * P<0.05, **P<0.01. P value®: P values are from the
comparison of the control and 25 mg/kg RH-treated mice; P value®: P values are from the comparison of the control and 50 mg/kg RH-treated mice

Table 3. Changes in the band area ratio, wavenumber and bandwidth values of various functional groups of the ATR-FTIR spectra of the cardiac

muscle of control, 25 mg/kg and 50 mg/kg RH-treated mice

Functional Group Control 25 mg/kg RH P Value® 50 mg/kg RH P Value®
CH; sym/CH,sym + CH,antisym 0.132+0.002 0.134+0.004 0.574 0.137£0.003 0.045
Unsaturated/Saturated lipid 0.019+0.0008 0.021+0.001 0.030* 0.022+0.001 0.024

Band Area Ratio CH,/CH; 1.876%0.030 1.904+0.05 0.298 1.939+0.040 0.008™
CHs/Lipid 0.312+0.003 0.310+0.006 0.688 0.308+0.002 0.013"
Lipid/Protein 0.105+0.003 0.108+0.008 0.872 0.113+0.004 0.030"

Wavenumber CH; antisym. str. 2927.613+0.198 | 2927.751+0.393 0.521 2927.851+0.076 0.045"

Bandwidth CH; antisym. str. 11.355+0.142 11.380+0.136 0.872 11.525+0.094 0.045"

Values are given as “mean + standard deviation” for each group. Degree of significance was denoted as * P<0.05, ** P<0.01. P value“: P values are from the

comparison of the control and 25 mg/kg RH-treated mice; P value®: P values are from the comparison of the control and 50 mg/kg RH-treated mice

mg/kg RH group compared to the control group. As seen
from the same table, the bandwidth of this band increased
significantly in the 50 mg/kg RH-treated group.

DISCUSSION

It has been reported that consuming more than 50 mg/kg
(approximately 1 teaspoon for humans) of RH may cause
serious poisoning ¥, with symptoms appearing within
20 min to 3 h and lasting for 1-2 days . For this reason,
in this study, doses of 50 mg/kg, which is accepted as the
toxic dose limit, and 25 mg/kg, which is 2 of the toxic dose,
were selected for administration to the animals. Doses
similar to those used in this study have also been used in
previous studies 7252,

Since unsaturated fatty acids are highly sensitive to lipid
peroxidation, the area under the olefinic=CH band and
the unsaturated/saturated lipid ratio in FTIR spectroscopy
studies are used as an index for the determination of lipid
peroxidation ©'71. In this study, significant increases were
observed in the olefinic=CH band area in the 50 mg/kg
RH-treated group and unsaturated/saturated lipid ratio
in the 25 and 50 mg/kg RH-treated groups. This increase
may have been due to an increase in lipid peroxidation
end products in the cardiac tissue as a result of an elevated
level of lipid peroxidation in the cardiac muscle of the 50
mg/kg RH-treated group ©". It has been known that lipid
peroxidation occurs in the double bonds in the acyl chains
of polyunsaturated fatty acids " and it results in the loss

of olefinic bonds 8. However, according to the results of
our experiments, instead of a decrease, an increase was
observed in the olefinic groups. This result indicated that
the amount of unsaturated fatty acid lost during lipid
peroxidation reactions was compensated by the double
bonds present in the lipid peroxidation end products, as
reported in some previous FTIR spectroscopy studies 72",
In addition, in the present study, it was determined that the
area under the C=0 ester stretching band increased in the
spectrum of the 50 mg/kg RH-treated group. Since there
are abundant C=0 (carbonyl) groups in lipid peroxidation
end products, such as malondialdehyde (MDA), an increase
in the area value of this band also indicates an increase in
lipid peroxidation end products in the system .

It has been known that a large part of the heart energy
requirement is provided by the oxidation of free fatty
acids and fatty acids are extremely sensitive to the harmful
effects of free radicals . Under normal conditions, free
radicals resulting from oxidative stress are produced in
small amounts in all body cells. However, these radicals are
inactivated by antioxidantenzymesand thus prevented from
attacking other molecules in the cell 2% If the production
of free radicals increases rapidly for any reason, the
mechanism of inactivation cannot compensate and these
radicals react with other molecules in the cell and disrupt
their structure. For example, the hydroxyl radical, one of
the oxidative stress-producing free radicals, reacts with
long chain fatty acids and causes lipid peroxidation B%. As
mentioned above, GTX increases the sodium permeability
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of the membrane ™. The increase in intracellular sodium
concentration may affect the intracellular and extracellular
sodium/calcium exchange mechanisms B". In this way, the
intracellular calcium concentration increases, while the
sodium level decreases on the other side. The increase in
intracellular calcium concentration is known to be one
of the main mechanisms triggering the formation of free
radicals B2, It is also known that exposure to GTX can lead
to dysfunction in organs such as the liver and kidneys and
functional defects in organs and impaired balance in the
biological system may lead to free radical formation 1'¢. On
the other hand, it is known that GTX plays an important
role in cardiotoxicity by binding to the muscarinic M2
receptors 3. The increased vagal tone of GTX leads to
the condensation of the cholinergic effect, especially in
the cardiovascular system and to the impairment of the
physiological balance of other systems B3, These may
indirectly lead to the degradation of the oxidant/anti-
oxidant balance at the cellular level, the weakening of the
cellular antioxidant defense system and the formation of
free radicals. As a result, the increase in the area values of
olefinic=CH and carbonyl ester stretching bands and the
ratio of unsaturated/saturated lipids observed in this study
could be attributed to lipid peroxidation as a consequence
of the attack of free radicals to the fatty acids in the system.
Our results showed that the mechanism of action of GTX
was related to the potential for oxidative stress formation.
In a study conducted by Eraslan et al.®¥, in accordance with
our results, oxidative stress induced by different doses of
RH caused increases in the oxidative stress markers such
as MDA, NO (nitric oxide) and HNE (4-hydroxynonenal)
along with changes in enzyme levels. Similarly, lipid
peroxidation induced by GTX in various cells and tissues
determined via increase in MDA level was reported by
Silici et al.** In the same study, an increase in antioxidant
enzyme levels in the plasma and in various tissues was
also observed. Since antioxidant enzymes play an active
role in converting harmful free radicals into less harmful
or harmless compounds, this increase can be regarded as
an indication of lipid peroxidation due to oxidative stress.

According to the results of the present study, the amount of
saturated lipids increased significantly in the 50 mg/kg RH-
treated group. This result was supported by the increase
observed in the chain length, which is determined by
the increase in the CH,/CH; ratio, in 50 mg/kg RH-treated
group 2. The increase in lipid chain length may have been
due to an increase in lipid content in the cardiac muscle
tissue after 50 mg/kg RH administration. As systems with
longer chained lipids contain relatively fewer methyl
groups, the CHy/lipid ratio decreased when the lipid chain
length increased 2. Thus, the observed reduction in the
CHs/lipid ratio following the administration of 50 mg/kg
RH confirmed the conclusion that the lipid chain length
had increased. These results suggested that the dose of
50 mg/kg RH caused changes in lipid metabolism in the
cardiac muscle, resulting in the accumulation of lipids.

The physiological balance between lipid uptake and
oxidation prevents the accumulation of excess lipids. If
this balance is impaired for any reason, accumulation of
myocardial lipid is observed and this situation leads to
various pathological responses 2, Fatty acids significantly
affect crucial membrane functions like membrane fluidity
and membrane structure stability, membranous ion and
substance transport and cardiac electrophysiology, which
is essential for cardiac function and excitability. In addition,
they play a role as regulatory molecules in the formation of
oxidative and ischemic damage, as a secondary messenger
in cell signaling and transduction and as an effector in
apoptosis 7., For this reason, abnormalities in fatty acid
metabolism affect the structure and function of the cardiac
system adversely. In a study conducted by Oztasan et al.?”,
it has been demonstrated that RH caused changes in the
lipid metabolism.In that study, diabetic rats were found to
have reduced blood lipid levels after RH administration 2,
RH may cause a decrease in the lipid content in the blood
due to this effect, which may in turn lead to an increase
in the amount of lipids in tissues such as cardiac muscle.
Most of these lipids that accumulate in the cardiac muscle
tissue affect cardiac function in the worst way and cause
myocardial structural damage, such as cardiac fibrosis,
myocyte apoptosis and decreased contraction thought to
be caused by frequent mitochondrial disorders . Since
consumption of RH in high amounts is known to cause
cardiac side effects and functional disorders 2%, the lipids
accumulated in the tissue may contribute to all these
functional disorders.

In the current study, the lipid/protein ratio in the 50 mg/kg
RH-treated group was significantly increased. This finding
pointed out a change in the lipid asymmetry in the cardiac
cell membranes and supported the conclusion that there
has been a change in lipid metabolism in the system
after the 50 mg/kg RH administration. It is known that
changes in lipid asymmetry cause significant alterations
in intracellular and intercellular ion concentrations and
ultimately in membrane function . The wavenumber
of the CH, antisym stretching band in the FTIR spectrum
gives information about the order and disorder status of
the lipids in the membrane. In the present study, the
wavenumber of the CH, antisym stretching band of the 50
mg/kg RH-treated group showed a significant shift towards
higher values. This finding suggested that the 50 mg/kg
RH administration caused a reduction in the membrane
order ©. The reduction in membrane order may have been
related to lipid peroxidation caused by oxidative stress
induced by RH ¥, In addition, the bandwidth of the CH,
antisym stretching band was significantly increased in the
50 mg/kg RH group. This increase in bandwidth indicated
an increase in membrane fluidity .. The observed changes
in lipid fluidity may be due to the changes in the lipid
composition, lipid concentrations and their changes
relative to each other and to a change in the lipid/
protein ratio . It is known that the effects of GTX on the
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skeleton and cardiac muscle are all due to changes in the
cell membrane ¥, As GTX is a fat-soluble toxin, the order
and fluidity of the cell membrane is very important for
permeability to GTX. As a result of the action mechanism
of GTX, some changes may occur in the cytosolic calcium
concentration which plays important roles in events
such as muscle contraction, cell division, apoptosis, and
neurotransmitter release “*2, In our study, the decrease in
the membrane order and the increase in the membrane
fluidity were factors that increased the membrane
permeability. Therefore, our results are consistent with
the findings that RH affects the cell membrane, resulting
in changes in intracellular ion concentration. Our findings
showed that the 50 mg/kg RH dose disrupted the normal
functioning of the cell membrane due to significant
changes in membrane order and fluidity. These adverse
effects on the order and fluidity of the cell membrane
could be one of the toxic mechanisms of RH on the cardiac
muscle.

Our results revealed that administration of 25 mg/kg of RH
did not cause any significant change in the mouse cardiac
muscle lipids except for an increase in the unsaturated/
saturated fatty acid ratio, which is an indication of lipid
peroxidation. However, 50 mg/kg RH induced significant
changesonthetissuelipidsat molecular level together with
lipid peroxidation. The results of our study demonstrating
the toxic effects 50 mg/kg RH on the structure, composition
and dynamics of cardiac muscle lipids are crucial to reveal
the action mechanism of RH on the functions of the
cardiac muscle and have been reported for the first time.
The global changes in lipids and membranes observed in
this study may reflect one of the main mechanisms of the
toxicity of GTX in RH. In addition, the results of this study
show that the amount of RH is important and the induced
effects depend on the dose consumed.
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Abstract

The zoonotic rickettsial pathogen Anaplasma species have a broad geographical distribution and are important intracellular agents. Domestic
animals and wild rodents may play an important role in the epidemiology of this disease. The aim of this study was to estimate the prevalence of
infection with Anaplasma species among domestic animals and wild rodents in northern Xinjiang Uygur Autonomous Region (XUAR), Northwest
China, during 2015-2016. In this study, DNA from Anaplasma ovis was detected by nested PCR in blood samples from 21/137 sheep (15.3%) in Ili
Kazakh Autonomous Prefecture (Ili), 18/79 sheep (22.8%) in Bole Mongol Autonomous Prefecture (Bole) and 13/71 sheep (18.3%) in Shihezi City.
In addition, detection of Anaplasma phagocytophilum DNA in spleen samples from great gerbils (Rhombomys opimus) in Urumqi (37/356, 10.4%)
and Bole (21/134, 15.7%). Interestingly, co-infection A. ovis and A. phagocytophilum in blood of sheep (9/137, 6.7%) from Ili, northern XUAR. Based
on 16S rRNA sequence, phylogenetic analyses showed that A. ovis were separated into one clade, while the A. phagocytophilum was separated into
another clade. This analysis demonstrated that there are at least two different Anaplasma species widespread. The present investigation revealed
high infection rates of A. phagocytophilum and A. ovis, which shed light on making effective measures to prevent and control Anaplasma species
infection in animals in XUAR, Northwest China.

Keywords: Anaplasma ovis, Anaplasma phagocytophilum, Prevalence, 16S rRNA, Northwest China, Phylogenetic analyzes

Kuzeybati Cin ve Kuzey Sincan’da Koyun ve Yabani Kemirgenlerde
Anaplasma ovis ve Anaplasma phagocytophilum Enfeksiyonu

Oz

Zoonotik rickettsial patojen olan Anaplasma tirleri genis bir cografi dagilima sahiptir ve énemli hiicre ici ajanlardir. Evcil hayvanlar ve vahsi
kemirgenler bu hastaligin epidemiyolojisinde 6nemli rol oynarlar. Bu calismanin amaci, 2015-2016 yillarinda Kuzey Sincan Uygur Ozerk Bélgesinde
(XUAR), evcil hayvanlar ve vahsi kemirgenler arasinda Anaplasma tiirleriyle enfeksiyon prevalansinin tespitidir. Bu calismada, Ili Kazak Ozerk
Bélgesi'nde (Ili) 21/137 koyun (%15.3), Bole Mongol Ozerk Bélgesi'nde (Bole) 18/79 koyun (%22.8) ve Shihezi Sehrinde 13/71 koyun (%18.3) kan
orneginde yuvalanmis PCR yontemi ile Anaplazma ovis DNA'si tespit edildi. Ek olarak, Urumci'deki (37/356, %10.4) ve Bole'deki (21/134, %15.7)
biyiik rodentlerin (Rhombomys opimus) dalak &rneklerinde Anaplasma phagocytophilum DNA'si belirlendi. ilging bicimde, Ili, kuzey XUAR'dan
alinan koyunlarin kaninda (9/137, %6.7) A. ovis ve A. phagocytophilum ile es zamanli enfeksiyon mevcuttu. 16S rRNA sekansina dayanarak yapilan
filogenetik analizler, A. ovis'in bir kola ayrildigini, A. phagocytophilum’un ise baska bir kola ayrildigini gosterdi. Bu analiz bu bolgelerde en az iki
farkl Anaplasma tirinin yaygin oldugunu gostermistir. Mevcut arastirma, XUAR, Kuzeybati Cin'deki hayvanlarda A. phagocytophilum ve A. ovis
enfeksiyon oranlarinin yiiksek oldugunu ve Anaplasma tirlerinin enfeksiyonunu 6nlemek ve kontrol altina almak igin etkili dnlemler alinmasinin
gerekliligini ortaya koydu.

Anahtar sézciikler: Anaplasma ovis, Anaplasma phagocytophilum, Prevalans, 16S rRNA, Kuzeybati Cin, Filogenetik analiz

INTRODUCTION land of the Eurasian continent is geographically divided
into two parts by Tianshan Mountain, namely northern

Xinjiang Uygur Autonomous Region (XUAR) covers 1.66 ~ XUAR and southern XUAR ™. In northern XUAR, which is
million square kilometers, which is located in the hinter- composed of the desert, Gobi desert, saline beach and

& lletisim (Correspondence)
+13 579772294
< 1572621211@qgq.com



296
Anaplasma ovis and Anaplasma phagocytophilum ...

patched oases. There is a great diversity of tick species in
XUAR, owing to the variability of geographical landscape
and the availability of multiple vertebrate host species for
these parasites. Ticks were reported to transmit bacterial,
viral and parasitic diseases to animals and humans .
Anaplasmosis is a tick-borne disease and considered
emerging or reemerging pathogens with serious public health
implications, which are obligate intracellular pathogens
that infect humans and animals B\ Although these agents
could infect humans through various routes, animal hosts
play an important role in transmission.

Since the first case was reported in the USA in 1990,
Anaplasma species have been described in both Europe
and Asia 7. The major Anaplasma species that impact
animal and human health include Anaplasma marginale,
Anaplasma ovis, Anaplasma centrale, Anaplasma bovis,
Anaplasma phagocytophilum, and Anaplasma platys .
Among them, A. phagocytophilum s distributed worldwide
and infects a variety of hosts 1%, A. ovis is the main inter-
erythrocytic pathogens of ovine, which are responsible for
ovine anaplasmosis in tropical and subtropical areas "
Although studies on Anaplasma species have been carried
out in part of China ®'? information is scarce on the
animal reservoirs of Anaplasma spp. in northern XUAR.
Therefore, the aim of this study was to identify A. ovis and
A.phagocytophilum infection in wild and domestic hosts in
different districts of northern XUAR, Northwest China

MATERIAL and METHODS

During 2015-2016, blood samples were collected from
137 sheep in Ili Kazakh Autonomous Prefecture (lli), 79
sheep in Bole Mongol Autonomous Prefecture (Bole) and
71 sheep in Shihezi City. Spleen samples were collected
from 356 great gerbils (Rhombomys opimus) in Urumgi City
and 134 R. opimus in Bole in northern XUAR, Northwest
China. The study area ranged between latitude 43°49'31.42"N
-44°54'18.04"N and longitude 81°31'27.78"- 87°36'50.35"E.
In accordance with the different types of landscapes, 1-4
sampling sites were selected in each county or city. The
sheep bloods were sampled at different intervals under
the owner agreements. As to wild rodents (i.e. the great
gerbils (R. opimus)), their carcasses were submitted for
postmortem examination to the Xinjiang Uygur Autonomous

Region Wildlife Management Office, and then sent to our
laboratory for scientific research. This study was approved
by the Animal Ethics Committee of Shihezi University
(Approval No. AECSU2015-01).

Genomic DNA was extracted from blood or dissected
tissues/organs of the animals (including sheep and the
great gerbil) (i.e. spleen in this study) by using the 96
flux automatic nucleic acid extraction instrument with a
matching commercial kit (Cell & Tissue Kit, Bioteke, Beijing,
China) according to the manufacturer’s instructions, cloned
into the pBS-T vector, and used for the transformation
of One-shot® Top10 Escherichia coli cells. To prevent
contamination problems, as negative control, used purified
sterile water, were tested after every sample in our PCR.
To determine genetic variability and regional differences
of A. phagocytophilum and A. ovis, all samples were
examined targeting 16S rRNA genes by polymerase chain
reaction (PCR) according to previous descriptions 314,
An approximately 400bp fragment was amplified using
primers 165 rRNA-Outer for the first round, then 765 rRNA-
Inner for the second round PCR. Each amplified product
was repeatedly sequenced three times. Sequences were
compared with GenBank data using BLAST (http://www.
ncbi.nlm.nih.gov/BLAST/). The evolutionary history was
inferred by using the Maximum Likelihood method based
on the Tamura-Nei model "\ Evolutionary analyses were
conducted in MEGA7 ',

RESUTS

In this study, A. ovis was found in the blood samples from
sheepinlli(21/137,15.3%), Bole (18/79, 22.8%) and Shihezi
City (13/71, 18.3%) in northern XUAR, respectively. In
additiontothe aboveresults, DNA from A. phagocytophilum
was detected in spleen samples from great gerbils (R.
opimus) in Urumqi City (37/356, 10.4%) and Bole (21/134,
15.7%), northern XUAR. Interestingly, co-infection A. ovis
and A. phagocytophilum in blood of 9/137 sheep (6.7%)
from lli, northwest China (Table 1) was detected.

Based on the analysis of BLAST and phylogenic tree, six
Anaplasma genotypes (A. ovis and A. phagocytophilum)
were detected (Fig. 1). The sequences of 165 rRNA fragments
amplified from the three A. ovis isolates were 100%
identical in our study [GenBank No. MK260043, MK260044

Table 1. Prevalence of Anaplasma ovis and Anaplasma phagocytophilum from northern Xinjiang, northwest China

District Host Anaplasma ovis (%) Anaplasma phagocytophilum (%) Coordinate

. 43°58'33.93"N
0, ()
1li sheep 21/137 (15.3%) 9/137 (6.6%) 81°3127.78"E
Bol sheep 18/79 (22.8%) - 44°54'18.04"N
o€ the great gerbil (Rhombomys opimus) - 21/134 (15.7%) 82°03'48.45"E
. . . 43°49'31.42"N
0
Urumgi the great gerbil (Rhombomys opimus) 37/356 (10.4%) 87°36/50.35"F
44°18'19.04"N
i i 0 =

Shihezi sheep 13/71 (18.3%) 85°1819.04"E
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4@ Anaplasma ovs sheep XUAR-YL China
@ Anaplasma ovis sheep XUAR-BL China
42| ® Anaplasma ovis sheep XUAR-SHZ China
Anaplasma ovis LC194133 sheep and yaks Mongolia
Anaplasma ovis KC484562 tick Russia
Anaplasma ovis KU569702 sheep Kenya
Anaplasma ovis KF293716 sheep Italy
L Anaplasma bovis HQ913645 goat China
Anaplasma phagocytophilum KX279357 sheep Jilin China
84! Anaplasma phagocytophilum KX197408 sheep China
4@ Anaplasma phagocytophilum Rhombomys opimus XUAR-BL China
@ Anaplasma phagocytophilum Rhombomys opimus XUAR-WLMQ China
4 Anaplasma phagocytophilum sheep XUAR-YL China
Anaplasma phagocytophilum KF293673 sheep Italy
Anaplasma phagocytophilum KC916734 muntjac China
69! Anaplasma phagocytophila AF470699 tick South Korea
Anaplasma phagocytophilum KY458570 raccoon dog South Korea
15<|'Anaplasma phagocytophila AY082656 Clethrionomys glareolus United Kingdom
Ehrlichia sp. U96728

scale shown

Fig 1. Phylogenetic comparison of 165 rRNA gene sequence of A. ovis and A. phagocytophilum (®) in this study and relevant
sequences from GenBank. The results are based on the Maximum-likelihood (ML; 500 bootstrap replicates) approximation
of the standard likelihood ratio test score. Branch lengths correlate to the number of substitutions inferred according to the

and MK260045], and varied from all known A. ovis sequences
in GenBank, with 99.2%-99.7% nucleotide identity from
sheep, yaks and ticks in other countries [GenBank No.
KF293716 (Italy), LC194134 (Mongolia), KU569702 (Kenya)
and KC484562 (Russia), respectively], and separated into
different clusters in the phylogenetic tree. A. phagocytophilum
from sheep and great gerbils (R. opimus) in this work,
which had 97.5%-98.8% similarity with the corresponding
sequences of A. phagocytophilum originated from sheep,
muntjac, tick and malebank voles (Clethrionomys glareolus)
derived from different areas [GenBank No. KX279357 (China),
KX197408 (China), KF293673 (Italy), KC916734 (China),
AY082656 (United Kingdom), AF470699 and KY458570
(South Korea), respectively]. Interestingly, the sequence
divergence between A. phagocytophilum from sheep and
great gerbils (R. opimus) was 2.53% from different regions
in our study. The phylogenetic analysis confirmed these
results: the separation of genus Anaplasma genotypes in
the study area were distinct from previously reported in
other continents, geographic and host-associated cluster
was strongly supported (Fig. 7). All obtained sequences
were deposited in GenBank (A. ovis: MK260043-MK260045;
A.phagocytophilum:MK260046-MK260047), but the number
has not been released.

DISCUSSION

Since it was first recognised, anaplasmosis caused by A. ovis
and A. phagocytophilum is considered to have a worldwide

distribution ¥71. Studies about the extent of its occurrence
in animals and humans have been detected mostly in
Europe, the USA and part of Asia “57], Here, we isolated
four strains of A. ovis and A. phagocytophilum from sheep,
and two strains of A. phagocytophilum originated from
rodents and used molecular methods to investigate the
occurrence of A. ovis and A. phagocytophilum in northern
XUAR, Northwest China.

Ovine anaplasmosis is caused by A. ovis in sheep, goats and
ticks, which is widely distributed in different regions of the
world M. The sequences, named as SHZ, YL and BL in XUAR
were clustered together, and close to A. ovis genotypes
from sheep in Kenya and Italy, sheep and yaks in Mongolia
and ticks in Russia (Fig. 1). The phylogenetic analysis
indicated that A. ovis genotype diversity exist for sheep
in Italy, Kenya and Mongolia, for yaks in Mongolia and for
ticks in Russia, but the geographical differences for each
species was not distinguished yet. Although these results
add new information on the reservoirs of this disease
agent we still need to have more sequence information to
identify the differences of every A. ovis species.

Anaplasma phagocytophilum is reportedly maintained in
various animal reservoirs, such as white-footed mice, goats,
sheep, ticks and horses '8, The sequence variation in the
165 rRNA gene among different A. phagocytophilum strains
confirmed that three genotypes of A. phagocytophilum
were detected in this study (Fig. 7). A. phagocytophilum
infection in sheep from Ili compared with another two
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A. phagocytophilum genotypes derived from different
geographical regions in XUAR showed high diversity to
A. phagocytophilum of the sheep, raccoon dogs, ticks,
Clethrionomys glareolus and muntjacs from Italy, South
Korea, United Kingdom and other China areas, respectively.
These results showed A. phagocytophilum genotypes and
displayed a high degree of genetic diversity, geographical
and host tropisms, and the results coincides with Barakova
etal"report. To determine the level of infectivity in rodents
as well as domestic animals, further studies are needed.

In northern XUAR, tick species distributed widespread,
it is important to mention that animals located in this
area suffer from heavy infestations by ticks. Here, we
concluded that the emerging tick-borne A. ovis and A.
phagocytophilum infection is already prevalent in different
areas of ChinaThese results thus add new information
on the reservoirs of those disease agents. Despite the
existence of the biggest livestock industry in northwest
China, there is still a considerable gap in our knowledge
regarding the distribution of these pathogens and its
economical relevance. In the future, it is important that
tick-borne Anaplasma species involving domestic animals,
wildlife, and humans should be paid more attention to the
cooperation of Central Asia countries.
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Abstract

This study was performed to evaluate the end-systolic wall stress/end-systolic volume index ratio (ESWS/ESV-I) for LV systolic function in
Anatolian shepherd dogs (ASHs) with stage B2 degenerative mitral valve disease (DMVD). Thirty-eight adult ASHs with DMVD (experimental
group; 20 B1 dogs and 18 B2 dogs) and 30 weight-matched adult healthy ASHs (control group) were used as subjects. There was no overlap
for the ESWS/ESV-I ratio (0.83+0.03, range: 0.61-1.09 for B2 dogs, 1.34+0.05, range: 1.11-1.89 for B1 dogs, 2.17+0.0 range: 1.91-3.02 for the
control dogs) among the groups. ESWS/ESV-I ratio (<1.09) in ASHs with stage B2 DMVD may play a developmental role in left ventricular
remodelling and risk factor for development of systolic dysfunction.

Keywords: Anatolian shepherd dog, Degenerative mitral valve disease, Echocardiography, End-systolic wall stress/end-systolic volume
index ratio, Systolic function indices

Evre B2 Dejeneratif Mitral Kapak Hastaligi Olan Anadolu Coban
Kopeklerinde Sistol-sonu Duvar Stresi/Sistol-sonu Hacim indeks

Orani lle Sistolik Fonksiyonun Degerlendirilmesi

Oz

Bu calisma, evre B2 dejeneratif mitral kapak hastaligi (DMVD) olan Anadolu ¢coban kdpeklerinde (ASHs) sistol-sonu duvar stresi/sistol-sonu
hacim indeks orani (ESWS/ESV-I) ile sistolik fonksiyonu degerlendirmek icin yapildi. Cahismada, DMVD'li 38 yetiskin ASHs (deney grubu; 20
B1 kopek ve 18 B2 kdpek) ve 30 yetiskin saglikli ASHs (kontrol grubu) kullanildi. Gruplar arasinda ESWS/ESV-I orani icin (B2 kdpeklerinde:
0.83+0.03, aralik: 0.61-1.09, B1 kopeklerinde 1.34+0.05, aralik: 1.11-1.89, kontrol kopeklerinde 2.17+0.0 aralk: 1.91-3.02) bir 6rtiisme yoktu.
Evre B2 DMVD'li ASH'lerde, ESWS/ESV-I orani (<1.09) sol ventrikiil yeniden yapilanmasi ve sistolik disfonksiyon gelisiminde risk faktorii olarak
rol oynayabilir.

Anahtar sézciikler: Anadolu coban képegi, Dejeneratif mitral kapak hastaligi, Ekokardiyografi, Sistol-sonu duvar stresi/Sistol-sonu hacim
indeksi orani, Sistolik fonksiyon endeksleri

INTRODUCTION Dogs in stage B2 may be days away from developing
congestive heart failure (CHF), or may never develop CHF in

The most common heart diseases causing heart failure their life time . Systolic function is not easy to evaluate in
(HF)in dogsis degenerative mitral valve disease (DMVD) "2,  DMVD because of decreased afterload, increased preload
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and enhanced sympathetic tone 34, Therefore, systolic
function indices, such as fractional shortening (FS), end-
systolic volume index (ESV-I) and E point septal separation
(EPSS) remain high or no change during the compensated
state of chronic mitral regurgitation (MR), despite reduced
myocardial functioning ®.

Many authors have advocated the use of different parameters
in dealing with wall stress to better define left ventricular
function in humans. Alter et al.” suggested that elevated
end-diastolic wall stress (EDVS) was a strong predictor of
systolic and diastolic dysfunction. Clerfond et al.”’ informed
that end-systolic wall stress (ESWS) was an independent
predictor of LV remodelling and post-discharge HF after
myocardial infarction (MI). Carabello et al.®! suggested that
the end-systolic wall stress/end-systolic volume index ratio
(ESWS/ESV-I) might be helpful in assessing left ventricular
systolic function and operative risk in human patients with
chronic, symptomatic MR.

End systolic volume (ESV) is independent of preload and
has been shown to vary linearly with afterload. Afterload
has been approximated by measuring either end-systolic
pressure or ESWS Bl The importance of ESWS/ESV-I ratio
and its applicability are unknown in dogs with DMVD. Our
hypothesis is that ESWS/ESV-I ratio is related with ventricular
function and thus provides a new criterion in determining
LV remodelling and systolic function. It seemed logical to
us to determine if the ESWS/ESV-I ratio would be higher
(indicating relatively greater left ventricular shortening)
or would be lower (indicating less shortening and thus
relatively poorer left ventricular function). For this reason,
our study aimed to assess the ESWS/ESV-I ratio for LV
systolic function in Anatolian shepherd dogs (ASHs) with
asymptomatic DMVD.

MATERIAL and METHODS

Legal Conformity and Ethics Statement

Ethical approval was received from the Faculty of Veterinary
Medicine of Selcuk University (permit number 2012/053).

Animals

This retrospective study used 38 adult (age: madian 5.87
(3-9) years; weight: 41+£3.29 (28-55) kg gender: 31 males,
7 females) ASHs with DMVD (experimental group) and
30 weight-matched, adult (age: madian 5.17 (2-9) years;
weight: 40+6.33 (27-52) kg gender: 25 males, 5 females),
healthy ASHs (control group) as subjects. All the ASHs had
been presented for a cardiology consultation both for the
identification of a heart murmur and for the evaluation of
the cardiovascular system or for the regular checkup purpose.

Study Design and Clinical Examination

A clinical examination, an electrocardiography (ECG) (Vet
ECG Electrocardiograph VE-300, Vega Group) study, thoracic

radiography for VHS determination ®"and arterial blood
pressure (BP, systolic and diastolic) measurements using
oscillometric technique (DynaPulse DP 5200A Pathway
Pulse Dynamic NIBP Monitor, Pulse Metric Inc., USA) ©!
were done in each ASH for both the experimental and
control groups. The intensity of cardiac murmurs was
evaluated according to Levine’s classification ., NT-proBNP
concentrations (CardioPet, NT-proBNP, IDEXX, Westbrook,
ME) were measured by enzyme immunoassay (EIA).

Each dog was examined using a standard 2-D, M-mode,
and colour-flow Doppler imager.

The presence of ticked valve leaflets and/or prolapsed
and the identification of MR was inclusion criteria in the
experimental group. The control dogs had no symptoms
of heart disease showing normal blood pressure, chest
radiography, ECG, and echocardiographic findings. Dogs
with any medical treatment for mitral valve disease or
that had extra-cardiac disease based on history, physical
examination, and a chemistry profile was excluded.

The degree of heart disease was classified according to the
ACVIM consensus statement ©, according to radiographic
and echocardiographic heart size. In order to differentiate
class B animals as B1 and B2, the vertebral heart scale
(VHS) and echocardiographic left atrial/aortic root (LA/
Ao) ratio were performed. From the experimental group,
18 dogs had both VHS scores >10.5 vertebrae and LA/Ao
ratios >1.7 (stage B2), whereas 20 had both VHS scores
<10.5 vertebrae and LA/Ao ratios <1.7 (stage B1).

Echocardiography

Transthoracic echocardiographic examinations (2-D, M-mode
and Doppler) were performed in all dogs according to the
techniques described by Turgut . Transducer arrays of 4-7
MHz were used (SUIU, CZXL-43C).

The regurgitant jet area signal to the LA area (ARJ/LAA)
and the LA/Ao ratio were classified as described by
Turgut B, M-mode measurements including EPSS, LV end-
diastolic diameter (D.4), end-systolic diameter (D), 1VSeq
and LV posterior wall thickness in end-systole (PWh,,) were
obtained according to the leading-edge-to-leading-edge
method. The FS, end-diastolic volume (EDV), ESV and
stroke volume were calculated using the Teichholz method
using the software program of the echocardiogram. The
EDV, ESV and cardiac output values were indexed for body
surface area. This was in order to obtain the EDV-I, ESV-I
and the cardiac index (Cl).

IVSd/LVd ratio; The IVSd/LVd ratio was determined by
M-mode measurements from right parasternal long-axis
5-chamber view.

ESWS/ESV-I ratio; The ESWS is determined by the ratio of
left ventricular internal dimension (D.,) to the posterior
wall thickness (PWh.):
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ESWS = (PxD.;) X 1.35/PWh.,; where ESWS is left ventricular
wall stress (g/cm?) at end-systole, P is the systolic BP (mmHg),
D., and PWh, are the left ventricular internal dimension and
posterior wall thickness (cm) at end-systole, respectively,
and 1.35 is a conversion factor (mmHg to g/cm?). Thus, the
determination of ESWS and ESV-I allowed for calculation of
the ESWS/ESV-I ratio.

Statistical Methods

All data (control, B1, and B2 groups) were evaluated by a
homogenity test (Kolmogrov-Smirnov Z) to determine
the data distributions. The values for FS, EPSS, NT-proBNP
and LA/Ao were evaluated using Mann-Whitney U test,
because of the data’s nonparametric distribution. Values
for FS, EPSS, NT-proBNP and LA/Ao are reported as the
median. The values for VHS, ESV-I, Cl, EDV-I, the IVSd/
Lvd ratio and the ESWS/ESV-I ratio were evaluated using
a One-way ANOVA and Tukey post hoc test (SPSS 19.0).
The values for VHS, ESV-I, Cl, EDV-I, the IVSd/LVd ratio and
the ESWS/ESV-I ratio are reported as the mean + SE. The
statistical significance level was set at P<0.05.

RESULTS

On the physical examination, 16 (80%) of the B1 dogs had
left-apical holosystolic murmurs (13 with grade I-1I/VI; 3
with grade IlI-IV/VI) and 4 (20%) had no an auscultable
murmur. 17 (94.4%) of the B2 dogs had left-apical holosystolic
murmurs (10 with grade I-11/VI; 7 with grade llI-IV/VI) and 1
(5.6%) had no an auscultable murmur.

The left ventricular systolic function parameters (FS, ESV-I,
EPSS and ESWS/ESV-I ratio), EDV-I, NT- proBNP, VHS,
LA/Ao, IVSd/LVd and ESWS/ESV-I values in the control
and the experimental (B1 and B2) groups of dogs are
summarised in Table 1.

On the colour-flow Doppler examination, all 20 B1 dogs
(100%) had mild MR (<20%), whereas among 18 B2 dogs,
6 (33%) had mild, 11 (61%) had moderate (20-40%) (Fig. 1)
and 1 (6%) had severe (>50%) MR.

The mean ESWS/ESV-I ratio was (P<0.05) lower in the B2
dogs (0.83%£0.03, range: 0.61-1.09) when compared with
the B1 dogs (1.34+0.05, range: 1.11-1.89) and control dogs
(2.17£0.0, range: 1.91-3.02). The difference between the
B2 dogs and the B1 dogs (Table 1, Fig. 2) was also significant
(P<0.05).

DISCUSSION

Many studies have provided important information on
the natural progression of stage B2 DMVD and reported
factors that can be used to identify which stage B2 dogs
have higher versus lower risks of developing CHF 1*'", The
results of studies on the effect of volume overload caused
by DMVD on left ventricular function are controversial >4#.,
In our study, FS, ESV-I, Cl showed a significant difference,
especially in the B2 dogs (Table 1). However, there was
some overlap for FS (29-45% for the control dogs, 31-48%
for theB1 dogs, 45-51% for the B2 dogs) (Table 1), for the
ESV-I (5.84-30.16 mL/m?for the control dogs, 13.69-42.59
mL/m? for the B1 dogs, 22.37-36.23 mL/m?for the B2 dogs
(Table 1), for the Cl (2907-6399 ml/min/m?for the control
dogs, 1267-5285 mL/min/m?for the B1 dogs, 2112-4304
mL/min/m?for the B2 dogs) among the groups, and these
indexes did not manage to separate the groups (Table 1).
This might be the result of decreased afterload, increased
preload and sympathetic tone. For these reasons, we
think that FS, ESV-I and Cl are thought to be less sensitive
indicators of systolic function in asymptomatic ASHs with
DMVD, which is in agreement with previous studies 2, All
these results may demonstrate that there seemed to be

Table 1. NT- proBNP, VHS, LA/Ao, LV, FS, ESV-I, Cl, EPSS, EDV-I, IVSd/LVd and ESWS/ESV-I ratio in the control and experimental groups of dogs

Control group

Experimental group

Paramaters (n=30) B1 B2
(n=20) (n=18)
NT- proBNP (pmol/L) (median and range) 759447 (250-2050)¢ 1588+212 (900-4650)° 2985+218 (1250-4300)?

VHS vertebrae (mean and range)

9.74+0.06 (9.10-10.50)°

10.30+0.09 (9.00-10.50)° 10.90+0.05 (10.60-11.50)°

LA/Ao (median and range) 1.20+0.03 (0.69-1.58)°

1.44+0.04 (1.10-1.70)° 1.80+0.03 (1.73-2.10)°

FS (%) (median and range) 35.00 (29-45)¢

44.50 (31-48)° 46.50 (45-51)°

ESV-I (mL/m?) (mean and range)

17.1£1.39 (5.84-30.16)°

27.6+2.35 (13.69-42.59) 31.7+1.0 (22.37-36.23)°

Cl (mL/min/m?) (mean and range)

4352+186 (2907-6399)°

3227+226 (1267-5285)° 3165+157 (2112-4304)°

EPSS (mm) (median and range) 3.70 (2.00-6.50)

3.40 (2.30-7.00) 3.35 (2.50-4.40)

EDV-I (mL/m?) (mean and range) 55.7+2.4 (29.9-78.1)°

52.2+3.6 (31.4-73.7)° 75.7+2.2 (54.2-85.2)°

IVSd/LVd(mean and range) 0.27+0.007 (0.22-0.33)

0.28+0.008 (0.22-0.33) 0.27+0.01 (0.23-0.33)

ESWS/ESV-I ratio (mean and range) 2.17+0.0 (1.91-3.02)?

1.34+0.05 (1.11-1.89)° 0.83+0.03 (0.61-1.09)¢

FS: fractional shortening; EF: ejection fraction; ESV-I: end-systolic volume index; EPSS: E point septal separation; EDV-I: end-diastolic volume index;
Cl: cardiac index; ESWS/ESV-I: end-systolic wall stress/end-systolic volume ratio; IVSd/LVd: interventricular septum thickness/left ventricular internal
dimension ratio; **< Values with different character in each row are statistically different with P<0.05
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Fig 1. Moderate mitral regurgitation jet in a B2 dog with
DMVD

3,04
2,54
Fig 2. ESWS/ESV-I ratio distribution for the control dogs, | | Z 297
B1 dogs, and B2 dogs. There was no overlap for the ESWS/ ﬁ
ESV-I ratio among the groups, and the ESWS/ESV-I ratio did 2
separate the groups alone 1,54
1,0
0,5+

=

Control B1 B2

preserved systolic function and a hyper-dynamic phase of
the heart in the B1 and B2 dogs.

Chamber enlargement may lead to increased peak systolic
wall stress (by the Law of La Place), which causes wall
thickening of a sufficient magnitude to normalise the
systolic stress .. Suzuki et al.l'¥, have also reported that
relative wall thickness was not a factor in determining
asymptomatic dogs with Class | DMVD and healthy dogs.

Increased ESWS in LV volume overload causes mainly
chamber enlargement, and eccentric hypertrophy. ESWS
probably gives more accurate prediction when determining
afterload than using pressure alone, because it deals with
filling conditions, BP, wall thickness and curvature radius .
Clerfond et al.”? informed that ESWS was an independent
estimator of LV remodelling and post-discharge HF after
MI. When we consider ESV-I, dogs with ESV-I values>30
mL/m?indicate impaired systolic function &% In our study,
ESV-I was high in the B2dogs (>30 mL/m?) (Table 1). For
this reason we thought ESWS/ESV-I would be useful in

evaluating systolic function. Carabello et al.®' studied patients
with symptomatic, chronic, severe MR to determine which
hemodynamic and angiographic factors might be prognostic
of surgical outcome. They found that the ESWS/ESV-I ratio
was more sensitive than EF or other hemodynamic variables
in predicting surgical outcome in symptomatic patients
with chronic MR. In our study, the mean ESWS/ESV-I ratio
was lower (P<0.05) in the B2 dogs (0.83+0.03, range: 0.61-
1.09) when compared with B1 dogs (1.34+0.05, range:
1.11-1.89) and control dogs (2.17£0.0 range: 1.91-3.02). The
difference between the B2 dogs and the B1 dogs was also
significant (P<0.05). There was no overlap for the ESWS/
ESV-l ratio among the groups, and the ESWS/ESV-I ratio did
separate the groups alone (Table 1, Fig. 2). All the ESWS/
ESV-I ratios were <1.09 for the B2 group. This may indicate
that the ESWS/ESV-I ratio is more accurate in assessing
left ventricular function. Thus, the B2 dogs, who had a
median FS of 46.50% (range: 45-51%), had a significantly
lower ESWS/ESV-I ratio (<1.09) than both control dogs and
B1 dogs, indicating left ventricular function. The level of
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NT-proBNP secreted predominantly from the ventricle is
elevated in response to cardiac remodelling "™, In our
study, NT-proBNP levels (the B2 dogs: 2985+218 pmol/L
(1250-4300 pmol/L), the B1 dogs: 1588+212 pmol/L (900-
4650 pmol/L) and the control dogs: 759+47 pmol/L (250-
2050 pmol/L) were irrespectively correlated with ESWS/
ESV-I ratio (Table 1). These results could be the reason of
synthesis and secretion of NT-proBNP induced by the
elevation of left ventricular ESWS in the B1 and the B2
dogs. It may suggest that the echocardiography-based
approach could be improved through the determination
of BNP.

Our results highlight that ESWS/ESV-I ratio (<1.09) in
ASHs with stage B2 DMVD may result in left ventricular
remodelling and a risk factor in the development of
systolic dysfunction; in other words, it may be to foresee
the transition from asymptomatic to a symptomatic
DMVD in dogs.
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Abstract

Mycoplasma species are a major cause of mastitis, arthritis, pneumonia and reproductive disorders in small ruminants. Mycoplasmas in
reproductive systems of males have been associated with diseases as orchitis, balanoposthitis and abnormal spermatozoa activity. The
aim of this study was to detect Mycoplasma species that cause reproductive infections in bucks and rams. Total of 27 preputial swabs was
collected from Saanen bucks and Kivircik rams at the Artificial Insemination (Al) Center of Uludag University in Turkey. Bacteriological culture
methods, followed by Polymerase Chain Reaction (PCR) and Denaturing Gradient Gel Electrophoresis (DGGE) were used to detect and identify
Mycoplasma species. The PCR-DGGE method identified one M. bovigenitalium and one M. arginini from two cases of orchitis in rams, and
another M. bovigenitalium was identified from a buck with no clinical signs. The results showed that Mycoplasma species were present in the
testicles of rams and bucks that were negative for Brucellosis, and likely causative organisms of orchitis which lead to reduced fertility.

Keywords: Genital Mycoplasmas, PCR-DGGE, Preputial swab, Small ruminant

Teke ve Koglarin Prepusyal Svap Orneklerinden Genital Mikoplazma
Tiirlerinin Karakterizasyonu

Oz

Mikoplazma tdrleri kiiclik ruminantlarda mastitis, artritis, pnémoni ve reprodiktif bozukluklara neden olabilmektedir. Erkek hayvanlarin
reproduktif sistemlerinde bulunan mikoplazmalar; orsitis, balanopostitis ve anormal spermatozoa aktivitesi gibi hastaliklarla iliskilendirilmistir.
Bu calismada, teke ve koglarda reprodiiktif infeksiyonlara neden olan mikoplazma tirlerinin tespiti ve karakterizasyonu amagclandi. Uludag
Universitesi Suni Tohumlama Merkezi'nde bulunan Saanen irki tekelerden ve Kivircik irki koclardan toplamda 27 adet prepusyal svap érnekleri
toplandi. Mikoplazma tirlerinin izolasyon ve identifikasyonu icin bakteriyolojik kiltlr yontemleri, Polimeraz Zincir Reaksiyonu (PCR) ve
Denatdre Edici Gradient Jel Elektroforezi (DGGE) metodu uygulandi. PCR-DGGE metodu ile orsitis semptomu gosteren koclarin birinden M.
bovigenitalium ve digerinden M. arginini identifiye edilirken; semptom gdstermeyen bir tekeden ise M. bovigenitalium identifiye edildi. Elde
edilen sonuclar ile Brusellozis negatif olan kog ve tekelerin testislerinde, fertilite azalmasina yol acan orsitise neden olan Mikoplazma tirlerinin
varligi ortaya konmustur.

Anahtar sézciikler: Genital Mikoplazmalar, PCR-DGGE, Prepusyal svap, Kii¢lik ruminant

INTRODUCTION Mycoplasma species, which are usually host specific, can
infect man or animals causing clinical signs that include

The reproductive disorders in caprines and ovines may be  pneumonia, arthritis, infertility and abortion . Some
caused by some Mollicutes and Mycoplasma species .  Mycoplasma diseases that affect small ruminants are listed
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by the OIE as they can cause major economic losses. These
include contagious caprine pleuropneumonia, caused by
Mycoplasma capricolum subsp. capripneumoniae in goats
and contagious agalactia (CA) in sheep and goats, caused
by Mycoplasma agalactiae, Mycoplasma mycoides subsp.
capri, Mycoplasma capricolum subsp. capricolum and
Mycoplasma putrefaciens. These CA infections have been
associated with mastitis, arthritis, keratoconjunctivitis,
abortion and atypical symptoms include respiratory and
genital signs . Other Mycoplasma species that infect small
ruminants includes Mycoplasma ovipneumoniae, which is
usually associated with respiratory disease; Mycoplasma
conjunctivae that causes eye infections; and M. arginini
which is thought to be a commensal, but may cause
opportunistic infections. Mycoplasma bovigenitalium,
previously called Mycoplasma ovine/caprine serogroup
11 ¥, was originally isolated from infertile ewes having
been introduced by infertile rams that showed abnormal
sperm morphology and motility ®°. It has been associated
with vulvovaginitis, epididymitis, orchitis, and infertility,
resulting in economic losses.

The identification of different Mycoplasma species is
technically difficult and expensive using conventional culture
methods and mycoplasma species specific antiserum in
growth inhibition tests ”.. Newer methods include specific
polymerase chain reactions (PCR’s) but these only identify
one species unless they are multiplexed. More recently a
microarray has been described but it is not widely used.
The combined use of a PCR based on the 16S rDNA gene
that will detect all Mycoplasma species, which can then
be differentiated using denaturing gradient gel electro-
phoresis (DGGE) (PCR-DGGE) ¥ to detect and identify the
majority of Mycoplasma species is being used in a number
of specialised laboratories. The aim of this study was to
detect and identify mycoplasmas that cause reproductive
infections by testing preputial swabs from bucks and rams.

MATERIAL and METHODS

Preputial swabs were collected from 17 bucks (Saanen) and
10 rams (Kivircik) kept at the Artificial Insemination (Al)
Center of Uludag University in Turkey. The animals in semi-
intensive system were mixed as bucks and rams and were
kept together. All rams and bucks fed with a commercial
concentrate diet with hay and water provided ad libitum.
The animals were not vaccinated against CA and were
clinically healthy, except for two rams which showed signs
of orchitis in both testicles. Preputial swabs were placed
into Stuart transport medium (cotton wrapped, Cultiplast,
LP Italiana) and transported to the laboratory in cool
containers at 4°C. All of samples were investigated for Brucella
spp., Mycoplasma species and other bacterial infections.

Bacteriological Examination

All samples were inoculated into Mycoplasma Broth Base
containing Mycoplasma Supplement G (Oxoid, UK), where

ten-fold serial dilutions were made, and then plated onto
Brucella selective agar (Oxoid, UK), Columbia blood agar
with 5% sheepbloodand MacConkeyagarand Mycoplasma
agar base containing Mycoplasma supplement G plates
(Oxoid, UK). Columbia blood agar and MacConkey agar
plates were incubated at 37°C for 24-48 h in an aerobic
environment. In addition Brucella selective media were
incubated 37°C in a 5-10% CO, atmosphere. Media were
examined daily for up to seven days. All of the mycoplasma
media were incubated at 37°Cin a 5-10% CO,atmosphere
and observed for three to seven days. The broth media were
examined daily for signs of mycoplasma growth and the
agar media were examined for mycoplasma-like colonies
and typical ‘fried-egg’ colonies using a stereomicroscope.
Suspect Mycoplasma colonies were tested for digitonin
sensitivity and urease activity for Acholeplasmas and
Ureaplasmas, respectively, using standard methods ..

DNA Extraction and 16S rDNA PCR-DGGE

Genomic DNA was extracted directly from 1 mL of the broth
cultures using the High Pure PCR Template Preparation
Kit according to the manufacturer’s instructions (Roche
Diagnostics). The 16S rDNA gene PCR and DGGE were
performed according to the method described by McAuliffe
et al® using GC341-F (universal) and R543 (mycoplasma
specific) primers. Briefly, DGGE was performed using the
Ingeny PhorU 2x2 apparatus (GRI Molecular Biology,
Essex, UK). Samples (20 pL) were loaded on to 10%
polyacrylamide/bis (37.5: 1) gels with denaturing gradients
from 30 to 60% (where 100% is 7M urea and 40% (v/v)
deionized formamide) in 1X TAE electrophoresis buffer.
Electrophoresis was carried out at 100V at a temperature of
60°C for 18 h. Gels were stained with SYBR Gold (Cambridge
BioScience, UK) in 1X TAE for 30 min at room temperature
and visualized under UV illumination. The controls used
included the type strains of: M. agalactiae (NCTC 10123),
M. bovigenitalium (NCTC 10122), M. mycoides subsp. capri
(NCTC F30), M. arginini (NCTC 10129), M. ovipneumoniae
(NCTC 10151), M. bovis (NCTC 10131), M. capricolum subsp.
capricolum (NCTC 10137) and Ureaplasma diversum.

RESULTS

Bacterial growth was observed in 3 (1 buck and 2 rams)
out of 27 samples (11.1%) as indicated by turbidity in the
broths and ‘fried egg’ colonies on mycoplasma plates. No
bacterial colonies were detected on Columbia blood agar
and Brucella selective media (Table 1). Digitonin sensitivity
and urease activity tests were negative.

Three mycoplasma isolates were identified using the 16S
rDNA PCR-DGGE method and compared to standard
ruminant mycoplasma controls (Fig. 7). Bacteriological
examination and the 16S rRNA gene-based PCR-DGGE
method identified two of the cultures as M. bovigenitalium
and one as M. arginini. One of the M. bovigenitalium
cultures and the M. arginini were isolated from cases of
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Table 1. Bacteriological and molecular findings obtained from preputial swabs from bucks and rams

Host No. of Sample Number of Mycoplasma Species 16S rDNA /DGGE Results
. P (positive samples) (%) (number of isolates)
1 (M. bovigenitalium)
0,
FE L 2w 1 (M. arginini)
Buck 17 1 (5.9%) 1 (M. bovigenitalium)
Total 27 3(11.1%) 3
Iote 20 8 Siis 6 i 58 9 Wk 420 13 14

I

Fig 1. DGGE example gel of the amplified V3 region of 16 S
rDNA gene. Lanes: 1, negative control; 2, U. diversum positive
control; 3, M. arginini positive control; 4, M. bovigenitalium
positive control; 5, M.bovis positive control; 6, M. bovigenitalium
from example sample ; 7-8, M. arginini from example sample;
9, M.agalactiae positive control; 10, M.ovipneumoniae positive
control; 11,M.mycoides subsp capri positive control; 12, unknown
= profile; 13, M.capricolum subsp capricolum positive control;14,
pis M.arginini 2™ positive control

orchitis in two rams and the other M. bovigenitalium was
isolated from a buck with no apparent clinical signs.

DISCUSSION

This study confirmed of the presence of M. bovigenitalium
and M. arginini in the prepuce of bucks and rams by
bacteriological isolation and molecular identification. M.
bovigenitalium, formerly known as Mycoplasma ovine/
caprine serogroup 11, has previously been associated with
abnormal sperm morphology and motility resulting in
infertility in rams .. As its name suggests M. bovigenitalium
has been described in cattle and it has been isolated from
the reproductive tract, pneumonic, arthritic and mastitic
cattle as well as aborted foetuses . Lysnyansky et al.'®
identified M. bovigenitalium and Mycoplasma canadense
from outbreaks of granulopapular vulvovaginitis in dairy
cattleinlIsraeland Cataniaetal.” reported M. bovigenitalium
from infertile cattle. There are also reports describing the
isolation of M. bovigenitalium and M. arginini from the
genital tract of goats ®and semen of naturally infected
asymptomatic rams ",

Mycoplasma arginini has been isolated from a wide range
of domestic animals but more commonly from sheep and
goats. Rosendal "% described it as occurring naturally in
the genital tract of small ruminants. In recent years, M.
arginini has been associated with various clinical signs
in sheep and goats including pneumonia . It is often
thought to be a commensal or opportunistic organism

and it is unusual for a mycoplasma species, in that it has
been reported as occurring in many hosts, often with
severe outcomes. A fatal infection due to M. arginini
has been reported in an abattoir worker ™. In a survey
of the primary infectious agents associated with ovine
ulcerative balanoposthitis and vulvovaginitis in South
Africa. Kidanemariem et al.'™ identified M. bovigenitalium
and M. arginini more frequently in diseased animals than
healthy animals. However, Kalshingi et al.'¥ isolated 34
strains of Mycoplasma species including Mycoplasma
bovigenitalium and M.arginini from the genital tract of
clinically healthy Dorper sheep and sheep with ulcerative
vulvitis and balanitis.

In this study, following the bacteriological culture of
Mycoplasma species, the PCR-DGGE method identified two
M. bovigenitalium and one M. arginini from the 27 samples.
Although mycoplasma culture is the standard method
used by many laboratories, its success is very dependent
on the laboratory receiving freshly taken samples, that
have been taken aseptically, otherwise the mycoplasmas
may die during transport or become overgrown by other
less fastidious bacteria. This study was limited to detecting
viable Mycoplasma species through the initial culture
method. Ideally, the clinical samples should be tested
immediately by PCR-DGGE, and following culture, or
culture enrichment stages. The use of PCR directly on the
clinical sample or from washing of the clinical sample
would allow for detection of both viable and non-viable
Mycoplasma species. Use of culture enrichment also has
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the potential to further enhance the sensitivity of the PCR-
DGGE method 3,

In conclusion, this study has carried out diagnostic tests for
mycoplasma species that could cause infections affecting
the reproductive system in male sheep and goats. It is the
first report that describes the detection of Mycoplasma
species in preputial swabs from naturally infected bucks
and rams in Turkey. These results show that Mycoplasma
species are present in the testicles of rams and bucks and
were the most likely causative organisms of orchitis in
the rams, which can lead to reduced fertility. In addition
there is a risk that M. bovigenitalium can be transferred to
ewes or female goats via venereal transmission. Therefore
monitoring for Mycoplasma species by bacteriological and
molecular tests such as PCR-DGGE tests are recommended
for studying reproductive disorders in small ruminants.
These tests can also be useful in monitoring programmes
for preventing the introduction of mycoplasmas onto
farms. This study highlights the usefulness of PCR-DGGE for
the routine examination of ruminant samples for genital
mycoplasma detection.
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Abstract

In a female vervet monkey brought to our hospital with the complaint of anaphylactic shock depending on snake bite, a gangrenous wound
was detected in right gluteal region and traditional local cicatrizing and epithelizing pomade application and systemic treatment were
performed for 10 days. As no signs of epithelization and shrinkiage was observed during this treatment, a new treatment protocol was
started with topical insulin pomade. It was determined that epithelization started on the 4™ days and completely recovered on the 46th days
of the treatment and 30 days after the completion of topical insulin treatment the wound region was became hairy. It was concluded that
topical treatment with insulin pomade had positive effects on delayed secondary wound healing in vervet monkeys whom their cutaneous
trunci muscle (M. panniculus carnosus) responsible for wound contraction was not functional.

Keywords: Insulin treatment, Secondary wound healing, Vervet monkey

Bir Vervet Maymununun Gluteal Bolgesindeki Maddi Kayiph Deri
Yarasinin Topikal insiilin ile Sagaltimi

Oz

Hastanemize yilan isindina bagl anaflaktik sok sikayeti ile getirilen disi vervet maymununda, sag gluteal bélgede gangrenli deri yarasi tespit
edildikten sonra 10 gtin boyunca geleneksel lokal sikatrizan ve epitelizan pomat uygulamalari ve sistemik sagaltim yapildi. Yarada epitelizasyon
ve kictlmenin hi¢c gozlenmemesi lizerine topikal insulin pomat uygulamasina gecildi. Uygulamanin 4. gliniinde epitelizasyonun basladig,
46. glinde tamamlandig, topikal insulin sagaltiminin kesilmesinden sonra 30. glinde ise epitelizasyon bdlgesinin tiiylendigi gdzlendi. Sonug
olarak, yaranin kontraksiyonla kictlmesini saglayan cutaneous trunci (M. panniculus carnosus) kasinin non-human primatlarda fonksiyonel
olmadigy, topikal instilin pomat uygulamalarinin gecikmis sekunder yara iyilesmesinde pozitif katkilari oldugu gézlendi.

Anahtar sézciikler: Sekunder yara iyilesmesi, Insiilin sagaltimi, Vervet maymun

epithelization and wound contraction phases . The key
point in the proliferation phase is angiogenesis, which is
the formation of new blood vessels in the wound tissue.

INTRODUCTION

Wound is defined as the breakdown or loss of cellular

or anatomical integrity of tissue. Healing of wound is a
complex and dynamic process that combines blood vessel
and cells, parenchymal cells and mediator functions and
extracellular matrix production. Healing stages are classified
as inflammation phase, proliferation phase, maturation
and remodeling phase. Proliferation phase consists of
neovascularization/angiogenesis, fibroplasia-collagen,

In cats and dogs, it is widely accepted that subcutaneous
panniculus carnosus muscle plays an important role in
providing and maintaining the cutaneous circulation,
and providing wound contraction ['?. But the existence
and development of the panniculus carnosus (cutaneous
trunci) muscle in higher primates is variable and is rarely
occur in the Old and New World Monkeys and completely
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absent in human B, Wounds that caused by excessive
tissue loss can be treated with secondary healing. Some-
times secondary healing impaired at one or more points
from the stages in the normal healing process, and may
lead to a delay in healing beyond the expected time ™.
Insulin is a peptide hormone and regulate blood glucose
level. On the other hand, some studies show that insulin
application accelerates wound healing, such as facilitates
monocytes/macrophages chemotaxis, pinocytosis/phago-
cytosis, anabolic protein metabolism, local glucose level
and secretion of inflammatory and growth mediators 57,
In this case report, we aimed to present the positive effects
of topical insulin in the treatment of a non-healed skin
wound.

CASE HISTORY

A female vervet monkey was brought to Animal Teaching
Hospital, Faculty of Veterinary Medicine, Near East
University with the complaint of respiratory depression
and unconsciousness. In emergency examination, slow
breathing, tachycardia, matt voice in the caudal lung
lobes and the sternal area was determined, and was given
100% oxygen for respiratory depression and slow infusion
IV colloid for 9% dehydration. Aminofilin (Filinsel® 24
mg/10 mL vial, Osel ilag A.S.) was given 6 mg/kg IV. After 15
min, cardiopulmonary resuscitation was performed due to
respiratory and cardiac arrest and for this aim adrenaline
(Adrenalin®1mg/1 mLyvial, Oselila¢ A.S.) were administered
0.5 mg IV. Based on the clinical findings and considering
the development of hemothorax, thoracosynthesis was
performed. Patient’s respiration and heart rhythms returned
to normal after 9 mL of blood was removed in the
thoracosynthesis. Cephazolin (Equzolin® 1 g, 4 mL vial,
Tim Ekip ilac A.S.) and enrofloxacin (10% Dufafloxacin® 100
mL vial, Dutch Farm) were administered IV against the risk
of sepsis and secondary infections, and lactated Ringer’s,
5% dextrose and 6% hydroxyethyl starch solution were
given to increase circulation. The patient’s consciousness
came back after 3 h. Antibiotic use was continued for 5
days. Patient was physiologically return to normal after 1
week, but thereafter, the gangrenous area 5x5 cm in size
was thought to be due to snake bite was determined in
the right gluteal region (Fig. Ta). Local ethacridine lactate
monohydrate (Rivanol®, 1 g, Oro ilag A.S.) wet dressing

Fig 1. 5x5 cm in size gangrenous wound
in the right gluteal region (a), despite
the epithelizing and cicatrizing pomade
application for 10 days after debridement,
view of atonic wound (b)

afterward 0.12% chlorhexidine gluconate (Klorben® spray,
Drogsan San. ve Tic. A.S.) was used two times a day for
the first 4 days with the aim of demarcation. Procaine
penicillin G and potassium penicillin G (Devapen® 800
IM vial, Deva A.S.) were given IM for two times per day
for one month for the purpose of protection against the
infection as recommended by some literatures. On the
4th day of treatment, the necrotic tissues were removed
by surgical debridement. After the debridement, in the
wound treatment was initially used topical mixture of
nitrofurazone pomade (0.2% Furacin® Pomade, Zentiva
Saglik Uriinleri Sanayi ve Tic. A.S), dexpanthenol pomade
(Pantenol® 5% cream, Saba ilac Sanayi ve Ticaret A.S),
zinc oxide pomade (20% Oro® Cinko Krem, Oro ilag A.S.)
and centella asiatica (1% Madecassol® pomade, Bayer)
two times in a day and IM administration of 5% diluted
dexpanthenol (Bepanthen® 500 mg/2 mL ampoule, Bayer)
once a day for 10 days (Fig.1b).

In this point, we were not observed any changes in
wound size and the epithelialization despite application
of the mixture of 4 pomades, therefore the treatment was
changed into only topical insulin pomade. The pomade
mixture was prepared to contain 1 mL/100 IU of regular
insulin (Humilin® R, 100 IU/mL, 3 mL cartridges, Lilly ilac
Tic. Ltd. Sti.) per 10 g of vaseline. The mixture was stored
at room temperature as recommended by the insulin
manufacturer and was sufficiently applied to the wound
twice daily. In 5™ day of topical insulin application,
epithelization was observed to start. Treatment was
terminated with the completion of wound epithelization
on the 46" day (Fig. 2). On the 30" day after the end of the
treatment, it was seen that the entire region was covered
with hair, except for the approximately 0.1 cm? area in the
center of the wound (Fig. 3).

DISCUSSION

Panniculus carnosus muscle plays important role in
contraction and vascularization phases in wound healing
in cats and dogs and some mammals "#, But in non-
human primates, panniculus carnosus muscle is primarily
a shoulder muscle and arises from the superficial fascia of
the lateral torso and inserts into the humerus with the mm
pectoralis. Contraction of this muscle usually moves the




311

GULTEKIN, ULUKAN, YESILOVALI
OZDEMIR, INCE, OZGENCIL

‘ Fig 2. Appearance of the wound on different days of topical insulin treatment ‘

Fig 3. Appearance of the gluteal region on the 30t day following topical
insulin therapy was ended

skin of the side 3%, In our case, very slow contraction phase
was observed in the right gluteal wound after one month
of treatment. It was thought that slow contraction phase
in the wound may be related to the absence of panniculus
carnosus muscle in gluteal area in vervet monkeys.

Wounds that do not heal beyond the expected normal
healing process are defined as chronic wounds . Chronic
wounds generally originats from an underlying problem,
such as vascular failure, diabetic or pressure ulcers, and
shows secondary signs such as delayed healing, discolored
granulation tissue, pocketing of wound base, and wound
breakdown ', Biofilm formation in the chronic wounds is
one of the causes of delayed wound healing. A planktonic
bacteria or part of the biofilm, when bound an appropriate
surface, creates a biofilm and has a different structure
that is durable to antimicrobials and the host’s immune
response. Biofilms can affect keratinocytes, fibroblasts
maturation, expression of pro-inflammatory cytokines,
matrix metalloproteases, and induction of angiogenesis.
Furthermore, biofilm bacteria do not cause acute phase
inflammation, and may not be detected using conventional
sampling techniques. The biofilm treatment is more difficult
and different than the normal wound treatment, therefore,
itis recommended that a combination of several methods,
such as systemic and local antibiotic or antiseptics, or
alternative methods be used. Although the effects of
systemic and topical antibiotics are limited, they are the

best option for biofilm and normal wound healing "%,
The dexpanthenol is an epithelial agent commonly used
in wound treatments that stimulates mRNA synthesis,
fibroblastic activity and stimulates cytokines such as IL-6
and IL-8 %1, Similarly, centella asiatica has been reported to
induce angiogenesis through increased monocyte chemo-
attractant protein-1 (MCP-1) expression and stimulation of
Vascular endothelial growth factor expression (VEGF-1) 14,
In our case, although we use a mixture of 4 pomades that
it was mentioned their effects, epithelization and wound
size changes were not observed on the 10" day after
debridement. We thought that the delay in wound healing
was due to the suppression of the host’s immune response
by biofilm formation.

Diabetes mellitus (DM) is a progressive disease characterized
by insulin deficiency and insulin resistance or both, and
generally the insulin is used in the treatment of DM 'l
The wound healing disorder in diabetes can be attributed
to various factors, such as weak blood supply, reduced
proliferative potential and low inflammatory changes "¢l
Some burn, surgical incision or diabetic wound animal
studies were demonstrated that inadequate or non-healing
wounds can be treated with topical insulin application 72",
In some studies, it has been observed that insulin changes
the catabolic metabolism of proteins by providing positive
effect on nitrogen uptake, amino acid uptake of cells,
protein and DNA synthesis in local wound healing. It was
also observed that insulin regulates the use of glucose in
cells, reduces exudate, bacterial growth, hypoxia at the
wound site, and increases vascularization, proliferation
and contraction Pl Insulin is known to provide wound
healing through certain growth factors such as Alpha-
smooth muscle actin (a-SMA), Insulin-like growth factor
(IGF-1), Transforming Growth Factor-1 52", It has also been
reported that insulin provides endothelial cell migration
without the use of the VEGF/VEGFR pathway P In our
case, despite the use of standard epithelization treatment
and noobserved infection, we found that there was not
enough epithelization in the wound. It was observed that
epithelization started and accelerated after the use of
insulinpomade.Inourcase, wethoughtthatinsulinpomade
initiates proliferation and epithelialization by regulating
glucose level, anabolic protein metabolism and DNA
synthesis in the wound, using different growth hormone
pathways and removing possible biofilm formation, in
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contrast to the effects of other pomades. In conclusion, as
in some mammalian studies, we think that topical insulin as
an option can be used in non-healing wounds of monkeys.
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