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Foodborne Bacteria in Iran: A 23-year Systematic
 Review of High-risk Foods

 Mohammad Hashemi, Fateme Asadi Touranlou, Shiva Adibi, Asma Afshari, Golshan 

Shakeri

Medical Toxicology Research Center, Mashhad University of Medical Sciences, Mashhad, Iran.
Department of Nutrition, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.

Foodborne diseases are a signiĕ cant global public health concern due to their high prevalence, mortality, and economic 

losses.  e aim of this study was to conduct a systematic review of identiĕ ed foodborne pathogens and outbreaks in 

Iran over the past 23 years to provide an overview of the risk assessment and prevention approaches in the country. 

Using appropriate keywords and searching major databases, such as ScienceDirect, Scopus, PubMed, Google Scholar, 

and the Iranian Scientiĕ c Knowledge Database, we initially identiĕ ed 4,740 articles. Finally, 328 articles were selected 

for evaluation. Among these articles, publications on Salmonella, Staphylococcus aureus, and Listeria were the most nu-

merous. Poultry meat was found to be the main source of major foodborne pathogens in Iran, including Campylobacter 

(46.21%), Listeria monocytogenes (38.45), Salmonella (24.83%), and Yersinia enterocolitica (16.81%). Given the high 

prevalence of foodborne bacteria in Iranian foods, it is crucial to implement eff ective control measures to reduce the risk 

and burden of foodborne diseases. In particular, poultry meat, which poses a high risk for the occurrence of foodborne 

diseases in Iran, should be subjected to further risk assessment and control measures throughout the food chain. 
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Introduction  

Foodborne diseases typically result from the 
consumption of food or water contaminat-

ed with pathogens or their toxins [1].  ese illnesses 
o en present as acute health problems with diverse 
symptoms, such as gastrointestinal distress (e.g., di-
arrhea, vomiting, nausea, and abdominal cramps) 
or neurological symptoms (e.g., headache, paralysis, 
and paresthesia) [2, 3].  e bacterial pathogens most 
commonly associated with foodborne illness world-
wide include Listeria monocytogenes, Escherichia coli 
O157:H7, Staphylococcus aureus, Salmonella enterica, 
Bacillus cereus, Vibrio spp., Campylobacter jejuni, and 
Clostridium perfringens [2, 4, 5].  e food products 
most frequently implicated in outbreaks include poul-
try, ground meat, seafood, dairy products, as well as 
fruits and vegetables [6].

 e food industry faces signiĕ cant challenges in 
ensuring the safety and nutritional quality of food 
products for consumers due to various sources of 
contamination, such as animals, soil, water, air, and 
food handlers during production and storage [7, 8]. 
However, the implementation of proper cold preser-
vation methods (e.g., refrigeration and freezing) and 
appropriate thermal processing of foods can eff ective-
ly prevent foodborne diseases [3].

In the contemporary era, regulatory frameworks 
and directives pertaining to food safety have been for-
tiĕ ed and intensiĕ ed. Nevertheless, foodborne diseas-
es continue to represent a signiĕ cant threat to global 
public health and an economic burden, particularly in 
developing countries [9]. In its inaugural estimation 
of the global burden of foodborne diseases in 2015, 
the WHO attributed 600 million cases of foodborne 
diseases, 420,000 deaths, and a loss of 33 million years 
of healthy life worldwide to unsafe food consumption 
[9]. 

In 2018, the United States documented 25,606 
cases of foodborne infections, resulting in 5,893 
hospitalizations and 120 deaths [10].  e burden of 
foodborne diseases is particularly signiĕ cant in low- 
and middle-income countries. Identifying the source 
of contamination and transmission route is of para-
mount importance for preventing foodborne illness-
es and implementing eff ective interventions in food 
safety. However, attributing an infection to speciĕ c 
food and identifying foodborne transmission is chal-
lenging and requires source attribution methodolo-
gies. Consequently, there is a dearth of studies identi-
fying the sources of foodborne infections, particularly 
in developing countries [11].

In this study, we aimed to conduct a systematic 
review of the prevalence of foodborne pathogens in 
diff erent types of foods in Iran. As a result, we can 

gain an overview of the role of food in the transmis-
sion of infections and emphasize the importance of 
food safety in controlling foodborne diseases and re-
ducing their health and economic burden on society.  

Materials and Methods  

Search strategy
A comprehensive and systematic search was con-

ducted in various databases, including ScienceDirect, 
Scopus, PubMed, Google Scholar, and local Iranian 
databases, namely the Iranian Scientiĕ c Informa-
tion Database (www.sid.ir).  e literature review was 
limited to studies published during 2000-2023.  e 
keywords used for searching included "prevalence", 
"detection", and "identiĕ cation" in conjunction with 
terms, such as "food", "Iran", "foodborne pathogen", 
"food infection", "food poisoning", "food illness", 
"food disease", "foodborne bacteria", "Campylobacter", 
"Listeria", "Salmonella", "Helicobacter pylori", "Vibrio", 
"Clostridium botulinum", "Clostridium diffi  cile", "Clos-
tridium perfringens", "Mycobacterium tuberculosis", 
"Coxiella burnetii", "Staphylococcus aureus", "Shigel-
la", "Pseudomonas", "Bacillus cereus", "Brucella", and 
"Yersinia enterocolitica".

Eligibility criteria
 is systematic review included articles that fo-

cused on the prevalence of foodborne pathogens in 
any type of food in Iran. Duplicate reports and arti-
cles without a clear sample size or other essential data 
were excluded.

Data extraction
Data collection included extracting information, 

such as the year of publication, types of foods tested 
for pathogen contamination, sample size, and num-
ber of positive samples contaminated with foodborne 
pathogens.

Results and Discussion     

Results and Discussion
Figure 1 illustrates the study selection process 

presented in the PRISMA diagram. A systematic lit-
erature search using Scopus, ScienceDirect, Google 
Scholar, SID, Magiran, and cross-references yielded 
an initial total of 4740 articles. A er removing dupli-
cates, 1719 articles remained for title/abstract screen-
ing. Following this screening, 655 articles were se-
lected for full-text review. Finally, 328 eligible studies 
were included in the systematic review.
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1) Salmonella spp. prevalence in food 
Salmonella (S.) enterica enterica has more than 

2300 serotypes, with S. Enteritidis and S. Typhimuri-
um being the most commonly reported serotypes. 
Symptoms of salmonellosis include abdominal pain, 
vomiting, nausea, diarrhea, and fever [12]. Raw meat, 
particularly poultry, and egg products, are the main 
sources of foodborne salmonellosis. Other reported 
foods that transmit Salmonella to humans include ĕ sh, 
peanuts, unpasteurized juice, and milk. It is import-
ant to cook raw foods thoroughly to a safe minimum 
internal temperature to prevent foodborne salmonel-

poultry meat (23.03%), followed by red meat (14.13%), 
dairy products (11.66%), RTE foods (11.34%), eggs 
(9.93%), vegetables (7.8%), ĕ sh and shrimp (5.93%), 
raw milk (3%), and water (2.25%) (Figure 2). In a study 
conducted in China in 2019, out of 1035 diff erent food 
samples, a total of 147 samples (14.2%) were positive 
for Salmonella. In their study, the highest prevalence 
of Salmonella was found in fresh meat samples (28%), 
followed by RTE foods (9%), frozen foods (7.1%), and 
fresh produce (4.5%) [14].  Fresh meat is a common 
source of Salmonella contamination due to the na-
ture of its production and processing [15]. During the 
slaughter and processing of animals, there is a high 
risk of cross-contamination with various bacteria, 
such as Salmonella [16]. In addition, fresh meat prod-
ucts consumed raw or undercooked increase the risk 
of foodborne illness [17].  e handling and storage of 
fresh meat products can also contribute to Salmonella 
contamination [18]. In contrast, RTE foods and frozen 
foods undergo processing and packaging that can re-
duce the risk of Salmonella contamination [19]. How-
ever, it is still possible for Salmonella to be introduced 
during the processing or packaging of these products 
[20]. Fresh produce, while less likely to be contaminat-
ed with Salmonella compared to fresh meat, can still 
pose a risk if not properly handled and washed before 
consumption [18]. 

2) Staphylococcus aureus prevalence in food
Although Staphylococcus (S.) aureus is the primary 

causative agent of hospital and community-acquired 
infections, it has also been associated with foodborne 
diseases. S. aureus can cause various gastrointestinal 
illnesses, which are characterized by nausea, vomiting, 
abdominal cramps, weakness, and diarrhea [21]. Table 

Figure 1.
Flow diagram showing the results of search

Figure 2.
Prevalence of Salmonella spp. in diff erent foods in Iran.

losis, as Salmonella is 
heat-sensitive. However, 
processed foods, such 
as RTE meats and salads 
can become contaminat-
ed through cross-con-
tamination during pro-
cessing [12]. In Europe 
in 2020, 0.15% of RTE 
food samples and 2.4% 
of non-RTE food sam-
ples were positive for 
Salmonella [13]. 

Table 1 presents the 
prevalence of Salmonella 
in diff erent foods in Iran 
based on our review.  e 
highest levels of contam-
ination were found in 
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Table 1.
Summary of the studies reporting the prevalence of Salmonella spp. in Iran.

City
Referenc-

es
Type of Salmonella spp.

Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Qazvin[72]
Salmonella

 Enteritidis
10440Eggs20231

Shahrekord[73]

Salmonella

 enteritidis

and Salmonella 

typhimurium

939440poultry meat20232

Lahijan[74]Salmonella spp81405500Eggs20223

Urmia[75]Salmonella spp.261660retail raw meat20224

Ardabil[76]Salmonella spp.13.751180poultry products20225

Qazvin[77]Salmonella spp16.621130Eggs duck20226

Zahedan[78]Salmonella spp.2.74150Chicken meat20227

Mazandaran[79]Salmonella spp.22100cattle raw milk20228

Shahrekord[80]Salmonella spp1135300Red meat20229

Ardabil[81]Salmonella spp.66100Chicken meat202110

six provinces 

of Iran
[82]Salmonella spp.82503125poultry and egg202111

Tehran[83]Salmonella enterica840450chicken meat, beef202112

Mashhad[84]Salmonella spp.23626Olivier salad 201913

Karaj[85]Salmonella spp.
48.3

0

29

0

60

30

Raw chicken meat 
Egg yolk

201914

 Isfahan[86]Salmonella spp.00525Eggs (shell & 
contents)201915

Mohabad[87]Salmonella spp.00100Traditional cheeses201916

Mashhad[88]Salmonella spp.6.6575Pastry201817

Mashhad[89]Salmonella spp.77100Chicken Meat201818

 Zanjan[90]Salmonella spp.

0060
Industrial eggs 
(shell & con-
tents)

201819 0060Local eggs shell

1.6260Local egg  con-
tents
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 Sanandaj[91]Salmonella spp.

0034
Industrial eggs 
(shell & con-
tents)

201820
4.2642Local eggs shell

4.7242Local egg  con-
tents

7.5340Bulk eggs shell

0040Bulk egg con-
tents

Qazvin[92]Salmonella spp.0060
Industrial eggs 
(shell & con-
tents)

201821 

Khuzestan[93]Salmonella spp.13.433245Shrimp201822

 Ilam[94]S. arizonae

8.8 890Pizza
201723 24.42290Frankfurter

21.11990Sausages
Kohgiluyeh &         
Boyerahmad/ 

Isfahan
[95]S. Typhimurium00150Camel meat201724

 Kashan[96]Salmonella spp.22100Hamburgers201725

 Gilan[97]
S. Typhimurium3.67190beaf meat

201626
S. Typhimurium7.815190Poultry meat

Zanjan[98]S. Typhimurium28.452183Poultry meat 201627

Isfahan[99]Salmonella spp.
0048Industrial 

Olovier salad
201628

20.41154Traditional 
Olovier salad

Zabol[100]Salmonella spp.68.86290Traditional ice 
cream201629

Arak[101]Salmonella spp.00120Pastry cream201530

Shahrekord[102]S. Ttypimurium18950Olivier salad201531

Tehran[103]S. Enteritidis
5.635625Poultry meat 

201532
425625Eggs

Shiraz[104]S. Enteritidis10550Eggs201533

Yasuj[105]Salmonella spp.0064Native eggs201534

Shahrekord[106]Salmonella spp.
1734200Traditional 

& Industrial 
cheese

201535
5.511

Tabriz[107]

S. Enteritidis & 

S. Typimurium

1.32150Eggshells

201536
00150Egg contents

Table 1 cont.
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Table 1 cont.

Urmia[108]Salmonella spp0042
Meat Products 
(Burgers, Sau-
sages, Kababs, 
Cutlets

201437

Tehran[109]S. Paratyphi B22100Unpasteurized 
cream 201438

Tehran[110]

Salmonella spp.4586190Chicken 

201439
Salmonella spp.20.238189Beef meat
S. thompson1019189Beef meat
S. thompson34.265190Chicken 

Alborz[111]Salmonella spp.

2958200Chicken meat
201440 21.626120Liver

14.117120Heart

Shahrekord[112]Salmonella spp.
31.62889Poultry meat 

201441
26.12698Beef meat 

Shahrekord[112]S. Typhimurium18950Olovier salad201342

Isfahan[113]Salmonella spp
3.45144Tap water

201343
304 1.15304

Brijand[114]S. infantis2.87250Poultry slaugh-
tered201344

Kohgiluyeh &

Boyerahmad
[115]Salmonella spp.66.614210Local eggs201345

Talesh[116]Salmonella spp.

00100Industrial egg 
contents

201346

1919100Industrial egg-
shells

00100Local egg con-
tents

44100Local eggshells

2121100Local chicken 
meat

55100Industrial chick-
en meat

3.35150Red meat

Yazd[117]Salmonella spp.00200
Industrial 

Olovieh salad
201347

Bushehr,

Hormozgan,

Khuzestan

[118]Salmonella spp.519384Seafood 201248

Isfahan &

Shahrekord
[119]Salmonella spp.

9.314150Chicken meat
201249 6.77105Turkey meat

2.2145Ostrich meat

Sanandaj[120]
Salmonella spp.11.67

60Beef meat201250
S. Typhimurium6.64

Mazandaran[121]Salmonella spp.
19.71996Packed chicken 

meat
201251

2324104Unpacked 
chicken meat
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Ahvaz[122]Salmonella spp.

2.9270Salt water ĕ sh
201252 4.3370Shrimp

10110Shrimp burge

Shahrekord[123]Salmonella spp.414350Raw cow’s milk 201153

Shahrekord[124]Salmonella spp.00100Egg201054

Tehran[125]Salmonella spp.
4586190Chicken meat

201055
2038189Beef meat

Isfahan[126]Salmonella spp.

9.714144Turkey meat
201056 4.6365Ostrich meat

0040Partridge meat

Mashhad[127]
S. Typhimurium1.64250Eggshells

200957
Salmonella spp.00250Egg contents

Mashhad[128]
Salmonella spp.8.3560Poultry car-

casses
200958

S. Typhimurium1.6160

Zanjan[129]Salmonella spp.

00120Egg contents
200959 56.668120Eggshells

86.6 104120Chicken meat

Tehran[130]Salmonella spp.
47.73267Chicken meat

200960
28.71966Beef meat

Birjand[131]Salmonella spp.
0.21500Local egg con-

tents200861
0.42500Local eggshells

Isfahan[132]Salmonella spp

17.924134Raw poultry

200862

5.3356Cooked poultry
33.313Turkey
4025Quail
7.98101Red meat
1.62118Cooked meat
7.8338Vegetables
0015Fish
0032Yogurt
0020Olovieh salad
005Hamburger

008Mayonnaise 
souse

Tehran[133]Salmonella spp.6992132Poultry car-
casses200763

Jahrom[134]Salmonella spp.00200Traditional 
cheeses200764

Yazd[135]Salmonella spp.

8.112145Liver

200665 18.428145Meat (before 
chiller)

34.450145Meat (a er 
chiller)

Birjand[133]Salmonella spp.0.63500Local eggs200666

Table 1 cont.
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Table 2.
Summary of the studies reporting the prevalence of S. aureus in Iran.

City
Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Shahrekord171694Poultry meat20231

Tehran3131100Sausages and Bologna20222

Tehran36.6134366
Raw and ready-to-eat green leafy vege-

tables
20223

Urmia392360Retail raw meat20224

Alborz15.3323150Raw Milk And Traditional Dairy20225

Tehran3.1210320Ready To Eat Food20226

Alborz11.0542380Raw Milk20227

Shahrekord38.883590Raw Cow Milk20228

Qazvin2.673112Baghlava20219

Mashhad18.446250Raw milk202110

-1010100Cheese, raw and pasteurized milk202111

Shahrekord16.2526160Meat Products201912

Khuzestan1123200Milk and Cheese202113

Zanjan34.53190Meat retail202114

Tehran15.4264415Ready-to-eat food202115

Tehran25624Chicken meat202116

Mashhad282175Zoolbia & Bamieh201917

Tehran9.622240Fowl meat201918

Maragheh2121100Traditional cheese 201919

Mahabad4545100Traditional cheese201820

Isfahan

23.82084Raw foods with animal origin
201721 912132Cooked foods with animal origin

5.715269Cooked foods without animal origin

Bandar abbas

0018Season salad

201722
4025Pasta salad
0016Lettuce
007Shirazi salad
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Ilam

12.21190Pizza
201723 27.72590Frankfurter

24.42290Sausages

Hamedan41.618120Cheese 201624

Gilan20.578380Meat 201625

Persian Gulf, 
Caspian Sea

2884300Shrimp 
201626

47122300Fish 

Hamadan
9.436379Red meat

201527
7.262671Dairy products

Chaharmahal        
va Bakhtiyari

27.588320Raw milk 
201528

24.887350Dairy products

Persian Gulf,

Tehran
24.674300Shrimp 201529

Mazandaran
12.82481930 Raw milk 

201530
11.180720Dairy products

Maku
474492Bovine milk

201531
373286Sheep milk 

Shahrekord
501530Industrial Olivier salad

201532
40820Traditional Olivier salad

Marand1008080Cheese 201533

Isfahan5.724420Chicken nuggets 201534

Gilan1.912606Diff erent food 201535

Gorgan43.3194450Cream pastry201436

Tabriz
99100Milk 

201437
4545100Cheese 

Yasuj

6.7230Traditional ice cream
201438 004Olovier salad

30930Cream suit

Ahwaz41.6125300Raw milk 201439

Marand27.6127460Dairy product201440

Tehran, Gilan 1008080Cheese 201441

,Mazandaran6886126Doogh 201442

Table 2 cont.



10

REVIEW ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Hashemi etal, IJVST 2024; Vol.16 No.3
DOI:10.22067/ijvst.2024.87069.1357

Prevalence of Foodborne Bacteria in Food in Iran

Kurdistan40.849120Raw milk 201443

Tonekabon12.619150Meat products201444

East- Azer-
baijan1616100Traditional cheeses201445

Isfahan, 
Chaharmahal 
va Bakhtyari, 
Khuzestan,

5.820347Dairy products201346

Yazd[117]2040200Industrial Olivier salad201347

Fars[175]1122200Milk 201348

Tabriz[176]
2626100Traditional white cheese

201249
1624150butter

Shahrekord[177]

1007272Ground-meat kebab

201250
1007272Bakkhtiyari Kebab

1007272Fish 

1007272Salad

Diff erent mar-
kets of Iran[122]8.922245Seafood products201251

Tehran[178]2564256Packaged hamburger 201252

Urmia[176]

5050100Raw milk 
201253 22100Pasteurized milk 

2626100Ice cream 

Shahrekord[179]13.246348Raw milk 201254

Shahrekord[180]8.832360Fruit juice 201055

Tehran[181]55.630216Diff erent food 200856

Gilan, 

Caspian Sea
[182]22.31567Fresh ĕ sh200657

Table 2 cont.

2 presents the ĕ ndings of studies conducted in Iran 
regarding the prevalence of this pathogen in diff er-
ent food categories, including seafood (38.51%), meat 
products (35.47%), dairy products (31.70%), red meat 
(25.85%), RTE foods (23.59%), raw milk (23.32%), 
and poultry meat (14.32%) (Figure 3). Seafood and 
ĕ sh are conducive to microbial growth due to their 
abundant protein and water content. S. aureus is not 
typically found in the natural microĘ ora of ĕ sh, there-

fore, its presence can indicate poor personal hygiene, 
new contamination, or potential disease in the ĕ sh 
[22]. Improper conditions in the ĕ shery, storage, and 
non-standard transportation provide conditions for 
pathogens to grow [23]. Furthermore, the hot climate 
in Iran can facilitate the growth and proliferation of 
S. aureus bacteria in food products, such as meat and 
dairy items, particularly if they are not stored and re-
frigerated correctly [24].
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Figure 3.
Prevalence of S. aureus in diff erent foods in Iran.

Table 3.
Summary of the studies reporting the prevalence of Listeria spp. in Iran.

Area
ReferencesType of

Listeria spp.

Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Mazandaran 
and Goles-
tan

[183]L. monocytogenes15.1136900Various Food20231

Urmia[75]L. monocytogenes422560Retail raw meat20222

-[184]L. monocytogenes9.3314150Curd and cheese20223

Kerman[185]L. monocytogenes603050Non-Pasteurized Milk20214

Tehran[186]L. monocytogenes1.6160Traditional cheeses20215

Tehran[187]Listeria spp.1010100Raw Milk20216

Genaveh 
port[188]Listeria spp.11.4240350Seafood20217

Zanjan[189]L. monocytogenes504590Beef and chicken meat20208

Isfahan[86]Listeria spp.00525Eggs20199

Mashhad[190]Listeria spp.30.5257811Chicken meat retailers201910

Yazd[191]
Listeria spp.11.764

545Traditional dairy 
products201811

L. monocytogenes4.322

Urmia[192]Listeria spp.2.98267
Food (sausage, milk, 
cheese, chicken and 
meat)

201712

Mashhad[193]Listeria spp.4080200Fresh chicken carcass-
es201713

Tehran[194]
L. monocytogenes8.49107Dairy products

201614
Karaj &5.211210Processed meat

Tehran[195] L. monocytogenes2.97237Seafood 201615
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Isfahan& 
Bandaran-
zali

[196]
Listeria spp.12.530240Argyrosomus

201616
Bandaranzali16.65hololepidotus

Urmia[197]L. monocytogenes33100Koozeh cheeses201517

Ahvaz[198]
Listeria spp.2.74

150Minced beef201518
Mazandaran0.61

Mazandaran[199]Listeria spp.21.3104488Raw ĕ sh201519

Zanjan[200]L. monocytogene0060Raw milk 201520

Isfahan[201]Listeria spp.19.721292
Traditional dairy 

products
201521

Kerman[202]L. monocytogene55100Raw milk201522

Shahrekord[203]Listeria spp.8.520235
Ready to eat food 
(olovier salad, Yogurt 
stew, macaroni salad 
and meat salad) 

201423

Qazvin[204]
L. monocytogene32.41298Meat products 

201424
Fars & Khuzestan29.72584Milk products

Fars & Khuz-
estan[205]

Listeria spp.10.427
260Bulk milk201425

Bandar anzali2.77

Isfahan &

Bandar anzali
[206]

Listeria spp.8.87
80Smoked ĕ sh

201426
L. monocytogene2.52
Listeria spp.156

40Salted Fish
L. monocytogene2.51

Khoramabad

& Tehran
[207]

Listeria spp.13.38
60

Meat and meat prod-

ucts
201327

L. monocytogene6.62

Aras[208]L. monocytogene7.5340Crayĕ sh meat201328

Isfahan[209]
Listeria spp.2.525

986Raw cow milk 201329
L. monocytogene220

Tehran[210]
Listeria spp.8.726

300
Vegetables and ready 

mayonnaise salads
201330

L. monocytogene721

Shahrekord[211]
L. monocytogene4.816331Raw seafood products

201331
L. monocytogene14.546321RTE seafoods

Tehran[212]Listeria spp.18.683466Raw milk201332

Kermanshah[213]Listeria spp.
3.87185Dairy products

201333 27.251187Meat products
5.18158Ready-to-eat foods

Isfahan & 
Shahrekord [214]

Listeria spp.824
300Seafood 201334

L. monocytogene618

Isfahan[215]
Listeria spp.6.610

150Quail products201335
L. monocytogene0.61

Shahrekord[216]L.ivanovii2.55200Lamb201336
Shahrekord, 
Isfahan, 
Ahvaz ,Shi-
raz,Yazd,

[217]Listeria spp.
12.7141

1107
Diff erent types of raw 

meat
201237

2.427

Shahrekord[218]Listeria spp.33.3134402Poultry product 201238
Isfahan &

Shahrekord
[219]Listeria spp.7.620264Seafood 201239

Table 3 cont.
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Diff erent mar-
kets of Iran[122]L. monocytogene0.82245Various seafood prod-

ucts201240

Shahrekord[124]L. monocytogene00100Eggs201141

Urmia[220]
Listeria spp.12.324

194Fish 201142
L. monocytogene2.55

Shiraz[221]

Listeria spp.1.15
45Raw cow milk

43

L. monocytogene4.42

Listeria spp.3.11
32Raw goat milk

L. monocytogene3.11

Listeria spp.24.410
41Traditional cheese

L. monocytogene9.74

Listeria spp.11.78
60Traditional ice-cream

L. monocytogene3.32

[222]L. monocytogene44100Raw milk 44
[223]L. monocytogene1.66360Dairy products45

[224]

L. monocytogene7.3341Chilled ready to eat 
foods

46 L. monocytogene1.24332 Meat, meat products

L. monocytogene0088Milk and dairy prod-
ucts

[225]L. monocytogene36203Cattle carcasses47

Table 3 cont.

3) Listeria monocytogenes prevalence in food
Listeria (L.) monocytogenes represents a signif-

icant public health concern due to its ability to be 
transmitted from the environment to food, which can 
lead to foodborne listeriosis in humans [25]. In 2020, 
the EFSA reported a total of 1876 cases of listeriosis, 
with 97.1% of these cases necessitating hospitalization 
[26]. Moreover, the EFSA indicated an increase in the 
case fatality rate and hospitalization rate associated 

with L. monocytogenes infections in 2020. Among all 
the reported zoonoses in Europe in 2020, listeriosis 
had the highest case fatality rate of 13% [26].  ose 
at the greatest risk of developing listeriosis include 
pregnant women, the elderly, newborns, and patients 
with compromised immune systems [27]. Moreover, 
a multitude of food items were identiĕ ed as potential 
sources of listeriosis outbreaks during this period. 
Speciĕ cally, 4.8% of RTE meat products and 0.44% of 

Figure 4.
Prevalence of Listeria in diff erent foods in Iran.
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Area
ReferencesPrevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Mashhad[226]66100Unpasteurized Camel Milk20221

West Azerbaijan[227]12.87103800Kope cheese and cattle milk20222

Tehran, 
Hamadan, and 
Mazandaran

[228]1423162Raw Milk20213

Mazandaran[229]2727100Raw milk20214

Gilan[230]10.221204Raw milk 20205

West Azerbaijan[231]12.151420Sheep and goats milk 20206

Qom[232]34.944126Milk20197

West Azerbaijan[233]
16.9

14840
Milk 

20198 14.4Cattle milk  
19.3Buff alo milk 

Shahrekord[234]

36200Cream & butter 

20199
5.7469Traditional bovine cream, 
5120Traditional sheep butter, 

2.5139Traditional bovine butter 

Khorramabad[235]1.8

9

500

Raw milk 

201810 3Sheep milk 
6Goat milk 

Shiraz[236]33100Bulk milk 201811

Shiraz[29]8.420238Non-pasteurized dairy products201812

Tehran[237]
1010100Raw milk 

201813
7.5340Traditional unpacked cheese

Khorramabad[238]20.81572Raw sheep milk201614

Jahrom[239]
17.412

70Bovine bulk milk 201515 107
107

Zanjan[200]
11.6760Individual raw milk 

201516 8.3538Bovine  
3.3222Ovine 

Tehran[240]1218150Cow milk 201517
Kerman[241]16.1531Goat milk 201518
Ajabshir[242]252080Cow milk 201519

Mashhad[243]

7.1228Cheese 

201420
7.6226Yoghurt 

34.7823Sheep milk 
3.3260Cow milk 

Mashhad[244]55100Bovine bulk tank201421
Khoramabad.[245]41.12151milk 201422
Qom[246]1414100Goat milk 201323

Table 4
Summary of the studies reporting the prevalence of C. burnetii in Iran..
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Jahrom[247]1111100Bovine bulk milk 201324

Kerman[248]

3.28247Bovine milk 

201125
5.78140Ovine bulk milk 

Caprine bulk milk 
4.55110Camel bulk milk

Fars, Ghom, 
Kerman, Yazd 
Khuzestan  

[249]26296Bulk milk 201026

Chaharmahal va 
Bakhtiari[250]

6.213210Cow milk 
201027 00110Sheep milk 

1.8156Goat milk 

Table 4 cont.

milk and milk products were found to be contaminat-
ed with L. monocytogenes [26]. Table 3 and Figure 4 
present the ĕ ndings of studies conducted in Iran re-
garding the prevalence of L. monocytogenes in various 
food types. As illustrated in Figure 4, poultry meat ex-
hibited the highest contamination rate of 38.45%, fol-
lowed by meat products (14.94%), red meat (13.45%), 
raw milk (9.77%), dairy products (9.48%), seafood 
(8.75%), and RTE foods (7.32%) (Figure 4). A previ-
ous review study conducted in Iran until 2015 yield-
ed comparable results regarding the contamination 
of food with Listeria.  e highest prevalence of L. 
monocytogenes was approximately 9.2%, which was 
observed in RTE foods [25].  erefore, RTE foods 
should be considered a potential hazard to consum-
ers [25]. Similarly, other developing countries have 
also yielded comparable results. For example, a study 
conducted in Ethiopia revealed that 28.4% of raw milk 
and milk products were contaminated with Listeria 
spp., with 5.6% of these samples testing positive for L. 
monocytogenes [23].

Figure 5.
Prevalence of C. burnetii in diff erent foods in Iran.

4) Coxiella burnetii prevalence in food 
Coxiella burnetii is a zoonotic pathogen that caus-

es Q fever in humans and coxiellosis in livestock. Cat-
tle, goats, and sheep serve as the primary reservoirs 
for the pathogen, facilitating its transmission to hu-
mans [28].  e primary routes of human infection 
are through the inhalation of contaminated aerosols 
or the consumption of unpasteurized milk and dairy 
products [29]. In Europe, 523 cases of Q fever were 
identiĕ ed in 2020, resulting in a case fatality rate of 
2.1% [30]. Table 4 presents the results of studies con-
ducted in Iran concerning the prevalence of C. burnetii 
in diff erent food items. As illustrated in Figure 5, the 
foods with the highest contamination rates were raw 
milk (12.36%) and dairy products (6.40%). C. burnetii 
is a bacterium that causes Q fever, a zoonotic disease 
that can be transmitted from animals to humans. In 
numerous rural regions of Iran, milk is still produced 
and processed using traditional methods that fail to 
meet the requisite modern hygiene standards [31]. 
 e absence of adequate hygiene protocols in milk 

Table 4
Summary of the studies reporting the prevalence of C. burnetii
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production and processing facilities may result in the 
contamination of milk with C. burnetii. Moreover, the 
proximity of animals to humans in the rural areas of 
Iran contributes to the high levels of contamination 
of raw milk and dairy products with C. burnetii [32]. 
Animals, such as cows and goats, can carry the bac-
terium and shed it in their milk, which can then be 
transmitted to humans through consuming contam-
inated dairy products [33].

A study conducted in Italy in 2017 reported that 
15% of milk samples were contaminated with C. bur-
netii, with a higher prevalence of contamination in 
bovine milk (41%) compared to sheep milk (12%) 
[34]. In Brazil, in 2020, 9.43% of cheese samples (out 
of 53 samples) were positive for C. burnetii DNA [35]. 
Another research in the United States reported that 
94% of bulk milk samples from dairy herds were con-
taminated with C. burnetii [36]. Our review indicates 
that the data from Iran align with the reports from 
other countries. However, it should be noted that the 
prevalence of C. burnetii contamination varies de-
pending on the type of dairy products, including spe-
ciĕ c variations within milk.

5) Bacillus cereus prevalence in food 
Bacillus cereus spores are a well-documented con-

taminant of food that can survive high temperatures 
during cooking and pasteurization [37].  is bacteri-
um is associated with two distinct types of gastroin-
testinal diseases: the emetic (vomiting) syndrome and 
the diarrheal syndrome [38]. In Europe, 835 cases of 
foodborne illness caused by B. cereus were reported 

in 2020, with a hospitalization rate of 1.2% and a 
mortality rate of 0.1% [30].  e diarrheal syndrome 
is typically attributed to the consumption of contam-
inated foods, including raw and cooked beef, meat 
products, ĕ sh, poultry, soups, sauces, stews, milk, 
and vegetables. In contrast, the emetic syndrome is 
associated with the consumption of a toxic dose of 
the pre-formed emetic (cereulide) toxin produced by 
B. cereus in starchy foods, such as rice, pasta, noo-
dles, potatoes, bread, pastries, and sesame products 
[39]. Table 5 presents the results of studies conducted 
in Iran regarding the prevalence of B. cereus in diff er-
ent food items. As illustrated in Figure 6, the highest 
prevalence of B. cereus contamination was observed 
in rice (100%), followed by raw milk (48.8%), poultry 
meat (42.17%), spices (42%), infant food (32.62%), 
dried vegetables (31.42%), meat products (11.16%), 
red meat (9.33%), and dairy products (8.9%) (Fig-
ure 6). In Australia, B. cereus contamination was 
identiĕ ed in a variety of food samples, including un-
cooked pizza bases (1.58%), cooked pizzas (4.57%), 
processed meats (0.28%), cooked meat pies (4.45%), 
cooked sausage rolls (3.26%), and raw diced chick-
en (5.45%) out of 1,263 retail food samples [40]. In 
China, B. cereus contamination was observed in 50% 
of rice and noodle samples, 34% of cooked meat 
samples, and 22% of cold vegetable dishes [41]. In 
Poland, the highest prevalence of B. cereus contam-
ination was found in herbs and spices, with a rate of 
63.3%. Moreover, other food items, including break-
fast cereals, pasta, rice, pasteurized milk, infant for-
mulas, as well as fresh and ripening cheeses, were 
also found to be contaminated with B. cereus [37]. 

Figure 6.
Prevalence of B. cereus in diff erent foods in Iran.
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Area
ReferencesPrevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Isfahan[251]4284200Various Spices20231

Zanjan[252]

14.529200Individual meat 

20202
Raw lamb

3.5760Raw beef
51060

Cooked beef
61280

Tabriz[253]10.616150Traditional dairy products20203

Zanjan[254]1001010Diff erent rice 20194

Tabriz[255]10.813120Cow‘s raw milk20185

Tehran[256]31.444140Dried vegetable 20186

Zanjan[257]0062Cream20187

Tehran[258]22.51880Diff erent types of beef burgers20178

[259]39300Milk-based infant food20179

[260]67.284125Powdered infant formula milk201710

[261]97.64142Cow milk201711

[262]510200Cheese 201612
[97]11.844380Beef meat and poultry201613

[263]46230Dairy products201614

Tehran[264]
76.580104Poultry meat foods Frozen 

201515 24.2939Semi cooked
[97]2646Refrigerated

Urmia[265]100408408Rice 201416
Isfahan[266]4284200Infant foods201317

[267]
28932Keĕ r type drinks

201218
Tehran1232Pasteurized milk 

Tehran[268]18.31160Infant formula200719

Table 5.
Summary of the studies reporting the prevalence of B. cereus in Iran.

6) Yersinia enterocolitica prevalence in food
In Europe, 236 cases of foodborne yersiniosis were 

reported in 2020, with 4.7% of cases necessitating hos-
pitalization [30]. Yersinia enterocolitica contamination 
has been documented in a variety of foods in Europe, 
including red meat (beef, pork, and lamb), poultry, 
seafood, eggs, milk and milk products, bean sprouts, 
vegetables, tofu, and stewed mushrooms [42]. Table 6 
presents the results of studies conducted in Iran re-
garding the prevalence of Y. enterocolitica in diff erent 
food items. As illustrated in Figure 7, poultry meat 
exhibited the highest contamination rate of 16.81% 
in Iran.  is was followed by raw milk (11.93%), red 

meat (11.63%), and dairy products (10%) (Figure 7). 
In Europe, 5.2% of RTE meat was found to be positive 
for Yersinia in 2020, which is a relatively high and con-
cerning rate [30]. A study conducted in Argentina in 
2019 reported chicken (12.4%) and bovine-originated 
foods (10.2%) as the most contaminated foods with 
Y. enterocolitica [43], which aligns with the ĕ ndings 
in Iran. However, the latter study reported a lower 
prevalence of contamination in dairy products (0.7%) 
compared to the ĕ ndings in Iran [43].  e elevat-
ed contamination rates of Y. enterocolitica in poultry 
meat observed in Iran and Argentina can be attribut-
ed to several factors, including the hygiene practices 
employed during the processing, transportation, and 



18

REVIEW ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Hashemi etal, IJVST 2024; Vol.16 No.3
DOI:10.22067/ijvst.2024.87069.1357

Prevalence of Foodborne Bacteria in Food in Iran

Area
ReferencesPrevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Tehran[269]0.833360Raw Milk20221

Shiraz[270]1326200red meat20212

Mashhad[271]3333100Bovine Raw Milk20213

Khorasan Razavi 
and Golestan[272]1938200Traditional Cheeses20214

Tehran
(Soltan 
Dallal, 
2020)

 0.83360Raw milk20205

Khorasan Razavi 
and Golestan[273]

 1938200Cheeses
20196

3333100Raw milk

Mashhad[274] 2525100Chicken meat20187

Shahrekod[275] 99100Raw milk (sheep & goats)20188

Shahrekord[276]18.355300Turkey meat20189

Tehran[277]
12.456450Meat 

201510 15.435226Chicken meat
 9.321224Beef meat

Varamin  [278] 4.319446Raw milk201511
Isfahan[279] 528552Dairy products201412
Shahrekod[280] 21.665300Raw chicken meat  201413
 Tehran[281] 33100Unpasteurized cream 201414
Shahrekod[282] 18.3132720Chicken meat 201315

Eastern Azer-
baijan  [283]

 2.68354Bulk raw milk 
201216

48200Cheeses
Mazandaran[121] 918200Chicken meat201217
Tabriz[284]15.819120Broiler meat201218
Tehran[285] 12.648379Beef and chicken meat201119

Table 6.
Summary of the studies reporting the prevalence of Y. enterocolitica in Iran.

Figure 7.
Prevalence of Y. enterocolitica in diff erent foods in Iran.
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storage of these products [44]. Poultry meat has been 
identiĕ ed as a signiĕ cant source of Y. enterocolitica con-
tamination due to the presence of the bacterium in the 
intestinal tracts of birds [45]. Inappropriate handling and 
processing of poultry can result in the cross-contamina-
tion of the meat with Y. enterocolitica. In addition, raw 
milk, red meat, and dairy products can serve as reservoirs 
for Y. enterocolitica if not properly pasteurized or handled 
[46].

7) Campylobacter prevalence in food 
Campylobacter spp. has been identiĕ ed as the leading 

cause of foodborne gastroenteritis in Europe since 2005 
[30]. In addition to acute gastroenteritis, Campylobacter 

infections can also result in chronic manifestations 
in humans [47]. Among the various species with-
in the genus Campylobacter, C. jejuni and C. coli 
are the most commonly reported causes of Cam-
pylobacteriosis in humans [48]. Table 7 presents 
the results of studies conducted in Iran regarding 
the prevalence of Campylobacter in diff erent food 
items. As illustrated in Figure 8, the most preva-
lent occurrence of Campylobacter contamination 
in Iran was observed in poultry meat (46.21%), 
followed by red meat (40%) and eggs (28.06%). 
 e contamination of dairy products and raw 
milk was observed in 2.36% and 2.5% of sam-
ples, respectively (Figure 8). A study conducted in 

Area
References

Campylobacter spp.
Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Hamedan[286]Campylobacter spp.8181100chicken meat20231

Shahrekord[287]Campylobacter spp25.0964255chicken meat20232

-[288]Campylobacter spp1074740Mushrooms20233

Shahrekord[289]Campylobacter spp6.2524380poultry meat20224

Tehran[290]Campylobacter spp3535100poultry meat20225

-[291]Campylobacter jejuni13.527200raw meat20226

Mazandaran[292]Campylobacter jejuni77100cattle raw milk20227

south of Iran[293]Campylobacter spp54.8203370Poultry Carcasses20218
Chaharmahal 
and Bakhtiari[294]Campylobacter spp.12.5540Camels meat20219

Jahrom[295]Campylobacter spp.66.7217 328poultry meat201910

Ahvaz[295]

Campylobacter spp.
0.61Industrial chicken 

meat

201911

00

C. jejuni168Traditional chicken 

meat  Campylobacter spp37.53

C. jejuni

Campylobacter spp
00

Fresh packed 

chicken meat

Campylobacter spp.
147

Beef meat
1007

C. jejuni
2412

Mutton meat
10012

Campylobacter spp.
C. jejuni

84
50Water buff alo meat

1004

Shiraz[296]Campylobacter spp.28.926Packed chicken 
meat201912

Table 7.
Summary of the studies reporting the prevalence of Campylobacter spp. in Iran.



20

REVIEW ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Hashemi etal, IJVST 2024; Vol.16 No.3
DOI:10.22067/ijvst.2024.87069.1357

Prevalence of Foodborne Bacteria in Food in Iran

Zanjan[297]

Campylobacter spp.
2321

90Red meat

201613

61.913

C. jejuni
Campylobacter spp.

27.533
120Chicken-meat

66.622

C. jejuni
Campylobacter spp.

31.638
120Eggshells

52.620

Urmia[298]Campylobacter spp.38.53796Chicken wing201514

Mashhad[299]
Campylobacter spp.63.1227

360Meat201515
C. jejuni88.1200

Zanjan[300]
C. jejuni0038Raw ovine milk 

201516
C. jejuni0022Raw bovine milk 

Tehran[300]Campylobacter spp.
44110

250Chicken201417
7987

Isfahan & 

Chaharmahal va 

Bakhtyari

[301]

Campylobacter spp.
0030Pasteurized milk

201318

0037Camel milk 
00290Commercial dairy

Campylobacter spp.6.2580Raw cow milk
Campylobacter spp.1.6160Raw sheep milk
Campylobacter spp.3.3260Raw goat milk
Campylobacter spp.5360Traditional cheese

Campylobacter spp.2.8135Traditional ice-
cream

Campylobacter spp.4125Traditional butter

Mazandaran[121]
Campylobacter spp.22.92296Packed chicken 

meat
201219

Campylobacter spp.28.831104Unpacked chicken 
meat

Shahrekord [124]C. jejuni00100Eggs201120

Isfahan[302]Campylobacter spp.2.53120Raw bovine milk201121

Shahrekord[303]

Campylobacter spp.4794
200Chicken

201122

C. jejuni96.891
Campylobacter spp.4949

49Turkey
C. jejuni83.741

Campylobacter spp.4337
33Quail

C. jejuni89.233
Campylobacter spp.35.36

6Partridge
C. jejuni1006

Campylobacter spp.4.81
21Ostrich

C. jejuni1001

Ahvaz[304]

Campylobacter spp.61.737
60Chicken meat

201023

C. jejuni94.635
Campylobacter spp.83.318

50Turkey meat
C. jejuni3615

Campylobacter spp.63
50Sheep meat

C. jejuni33.31
Campylobacter spp.4.417

45Goat  meat
C. jejuni10017

Table 7 cont. 
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Isfahan & Yazd[305]

Campylobacter spp.0.91
107Raw camel meat

201024

C. jejuni00
Campylobacter spp.2.45

190Beef meat
C. jejuni603

Campylobacter spp.1227
225Lamb meat

C. jejuni9223
Campylobacter spp.9.417

180Goat meat
C. jejuni94.116

Isfahan[306]

Campylobacter spp.56.1157
280Raw chicken meat

200825

C. jejuni89.2140
Campylobacter spp.27.468

248 Quail meat
C. jejuni77.953

Campylobacter spp.68.4145
212Turkey meat

C. jejuni63.492
Campylobacter spp.11.77

60Ostrich meat
C. jejuni42.93

the United States in 2020 reported that while various 
broiler products carry the risk of Campylobacter spp. 
contamination, the highest prevalence of contamina-
tion was observed in chicken carcasses [49]. Similarly, 
in the European Union, C. jejuni has been identiĕ ed 
as the most prevalent species (51%) in broiler meat, 
followed by C. coli (35.5%) [47]. Consequently, poul-
try meat represents the greatest risk of Campylobacter 
transmission to humans worldwide.  e consistent 
reporting of the highest prevalence of Campylobacter 
contamination in poultry meat in multiple studies, 
including those conducted in Iran, the United States, 
and the European Union, underscores the importance 

of addressing this issue [47, 49].   is ĕ nding high-
lights the necessity of implementing rigorous food 
safety measures and regulations in the poultry indus-
try to prevent the transmission of Campylobacter to 
consumers.

8) Helicobacter pylori prevalence in food 
Helicobacter pylori is associated with several di-

gestive diseases, including peptic ulcer, mucosa-as-
sociated lymphoid tissue lymphoma, gastritis, and an 
increased risk of gastric cancer [50]. It is estimated 
that approximately 50% of the global population is in-
fected with H. pylori [51].  e prevalence of H. pylori 

Figure 8.
Prevalence of Campylobacter in diff erent foods in Iran.

Table 7 cont.
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infection is observed to be higher in developing coun-
tries, with rates ranging from 70% to 90%, compared 
to developed countries, where rates are reported to be 
25%-50%. Iran is considered a high-risk region for H. 
pylori infection due to the high prevalence (60%-90%) 

among its population [52]. H. pylori can be found 
in a variety of animal-derived foods, vegetables, and 
water sources, which contribute to its transmission 
[50]. Table 8 presents the ĕ ndings of studies con-
ducted in Iran regarding the prevalence of H. pylori 

Area
ReferencesPrevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Shahrekord[307]6.2520320Raw Poultry Meat20231

Tehran[308]8.652600Red meat 20202

 Isfahan[309]3.831800Traditional dairy products 20183

 Isfahan[310]511220Red meat 20174

 Alborz[311]
7.311150Meat 

20175 1624150Milk 
12.5540Vegetable 

 Isfahan[312]

18950Cream-candy

20166

6350Traditional bread
0050Sausage
0050Salami
2150Hamburger

221150Soup
301550Restaurant salad
6350Falafel

361850Olivier salad
0050Chicken nugget

281450Fruit salad

Shahrekord[313]
21.992420Milk 

20167
26.2105400Meat 

Isfahan[314]7.311150Meat products20168
Isfahan
 Shiraz
 Yazd
 Shahrekord

[315]

4.25120

Drinking water (total) 20169
1.82110

33100

Shiraz[316]

2.8270Ready to eat ĕ sh

201610

15960Ham
8.3560Chicken sandwich

240Vegetable sandwich
51840Meat sandwich

451050Minced meat
201650Minced meat
32

Tehran[317]13.328210Raw milk 201511

[318]

16.620120Bovine milk

201512
[318]1080Traditional cheese

7.5340Traditional cream
[319] 33240Total

Table 8.
Summary of the studies reporting the prevalence of H. pylori in Iran.
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 Shahrekord[319]9.544460Vegetable and salad 201413
 Isfahan[320]13.759430Vegetable and salad     201414
 Isfahan[51]7.214200Water 201315
Isfahan, Fars, 
Chaharmahal & 
Bakhtiari, Khuz-
estan

[321]12.556447Milk 201216

Table 8 cont.

in various food items. As illustrated in Figure 9, the high-
est prevalence of H. pylori in food samples in Iran was 
observed in RTE foods (25.5%) and vegetables (22.14%), 
followed by raw milk (16.06%), red meat (15.82%), dairy 
products (7.93%), meat products (6.26%), and water 
(3.8%) (Figure 9). In other countries, studies have also 
identiĕ ed the presence of H. pylori in a variety of food 
sources. In Japan, the ureA gene of H. pylori was found 
in 72.2% of raw milk samples and 55% of pasteurized 
milk samples [53]. In Italy, the glmM gene of H. pylori 
was identiĕ ed in 34.7% of raw milk samples [54]. In the 
United States, H. pylori was detected in 44% of RTE raw 
tuna meat and 36% of raw chickens using a multiplex 
PCR assay [55].  ese ĕ ndings underscore the potential 
presence of H. pylori in various food sources and the sig-
niĕ cance of food as a potential route of transmission.

9) Clostridium prevalence in food 
Clostridium botulinum

Clostridium botulinum is a gram-positive, anaero-
bic bacterium that is capable of producing spores. It is 
known to cause botulism, a severe illness characterized 
by the production of a potent neurotoxin. Table 9 pres-
ents the ĕ ndings of research conducted in Iran on the 
prevalence of C. botulinum in various food items. As 
illustrated in Figure 10, the most prevalent contamina-

tion of C. botulinum in Iran was observed in seafood 
(12.56%), followed by red meat (12.23%), dairy products 
(9.02%), and honey (2%) (Figure 10). Honey is recog-
nized as a reservoir for C. botulinum spores, particular-
ly types B and A, and has been implicated in cases of 
neonatal botulism [30]. Studies conducted in various 
countries, including Turkey, Brazil, Denmark, Sweden, 
and Norway, have demonstrated the presence of C. bot-
ulinum spores in honey samples, with prevalence rates 
ranging from 2% to 26% [30]. In Iran, the prevalence of 
C. botulinum contamination in honey samples was re-
ported to be 2% (Figure 10), indicating a relatively lower 
level of contamination compared to some other regions.

While C. botulinum spores may be present in certain 
foods, the risk of botulism is contingent upon the condi-
tions that facilitate the germination of spores and toxin 
production, such as inadequate food processing, storage, 
or handling. Proper food safety practices, including ade-
quate cooking, storage at appropriate temperatures, and 
hygienic handling, can help prevent the growth and tox-
in production of C. botulinum in food.
Clostridium perfringens

C. perfringens is a signiĕ cant contributor to food-
borne gastrointestinal illnesses in both humans and ani-
mals.  e spores of C. perfringens exhibit remarkable re-
silience to external inĘ uences. In Europe in 2020, there 

Figure 9.
Prevalence of H. pylori in diff erent foods in Iran.
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Area
References

Clostridium spp.
Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Shahrekord[322]C. perfringens11.635300Meat native birds20231

Isfahan[323]C. perfringens1.177600Meat Nuggets20232

Qazvin[324]C. perfringens
18.0424133

Ground Beef20233
3.22394

Mazandaran[325]C. perfringens2.917240Raw Meat20224

Qazvin[326]C. perfringens13.5318133Raw Beef Meats20225

Tehran[139]C. perfringens1866366

raw and ready-to-

eat green leafy veg-

etables

20226

Mashhad[327]C. perfringens0026Olivier Salad20227

Shiraz [328]C. perfringens30.561200
Cattle and sheep 

carcasses
20218

Table 9.
Summary of the studies reporting the prevalence of Clostridium spp. in Iran.

were 682 reported cases of food poisoning caused by 
C. perfringens toxins, with a hospitalization rate of 
1.5%. Conversely, there were fewer cases (n = 34) of 
food poisoning due to C. botulinum toxins, yet the 
hospitalization rate for botulism cases was 100%. It is 
noteworthy that no fatalities were reported in these 
cases. Early diagnosis, hospitalization, and treatment 
are essential for reducing the severity of botulism 
[30]. Table 9 presents the ĕ ndings of studies conduct-
ed in Iran regarding the prevalence of C. perfringens 
in various food items. C. perfringens type A is the 
most prevalent cause of food poisoning associated 
with this bacterium.  e available data indicate that 

C. perfringens was most commonly isolated from red 
meat in Iran. It is of paramount importance to ensure 
that meat is cooked and handled properly to minimize 
the risk of contamination with C. perfringens and sub-
sequent foodborne illnesses. In Europe in 2019, two 
outbreaks were associated with pig meat and prod-
ucts, one caused by toxins produced by C. perfringens 
and the other by C. botulinum. Conversely, vegetables, 
juices, and other related products were linked to a 
greater number of outbreaks, with two outbreaks re-
ported for each category during the same period [30]. 
Nevertheless, only one study has been conducted in 
Iran regarding the presence of C. perfringens in vege-

Figure 10.
Prevalence of Clostridium in diff erent foods in Iran.
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Kerman [329]C. perfringens77.895122Broiler chickens20219

Chaharmahal & 
Bakhtiari [330]C. perfringens42.2169400Broiler chickens201910

 [331]C. perfringens00130Honey 201911

Shahrekord [332]C. perfringens

251250Traditional curds

201712
10550Commercial curds
6120Beef meat

13323Lamb meat
Mashhad [333]C. perfringens15.531200Broiler meat 201513
Mashhad [334]C. perfringens12.525200Minced meat 201514
Shiraz [335]C. perfringens22100Honey 201315

Shiraz  [336]C. perfringens

5480Fish

201316
4250Honey

2.5280Kashk
1.2180Dough

Gilan, Tehran,
Golestan,
Hamedan

  [337]C. perfringens
211257Dairy products

201317 26.41868Fish
7.1114Meat

Gilan  [338]C. perfringens
3.5257Cheese

201018 0011Kashk
6.3463Salted ĕ sh

tables and juices, and other related products. Further 
research and surveillance are necessary to gain a more 
comprehensive understanding of the prevalence and 
sources of C. perfringens in various food items in Iran.

10) Brucella prevalence in food 
Brucella spp. are the causative agents of brucello-

sis [56], an infectious disease of humans that presents 
with chronic and recurring febrile symptoms that can 
be life-threatening [57].  e primary etiological agent 
of the disease is B. melitensis, although other species, 
including B. abortus, B. canis, and B. suis, can also re-
sult in human brucellosis [58].  e infection can be 
transmitted to humans from various animals, includ-
ing buff alo, cattle, yak, elk, camel, domestic pig, and 
rodents [58]. Globally, approximately 500,000 cases 
of human brucellosis are reported annually, with ani-
mals and animal-derived foods serving as the prima-
ry sources of infection [57]. A global systematic re-
view conducted in 2020 revealed that the Southeast 
Asia region exhibited the highest prevalence of Bru-
cella spp. at 25.55% [57].  e consumption of unpas-
teurized dairy products plays a signiĕ cant role in the 
transmission of Brucella spp. to humans [57]. Table 10 
presents the results of studies conducted in Iran on 
the prevalence of Brucella spp. in food. As illustrated 
in Figure 11, the primary sources of reported contam-

ination with Brucella spp. are dairy products (34.28%) 
and raw milk (16.64%). Dairy products, particularly 
unpasteurized or inadequately pasteurized ones, can 
serve as reservoirs for Brucella contamination [57]. 
 is can occur due to infected dairy animals shedding 
the bacteria in their milk. Raw milk, in particular, has 
been identiĕ ed as a common source of Brucella in-
fection in various parts of the world, including Iran. 
Improper handling and processing of raw milk can 
contribute to the transmission of Brucella spp. to hu-
mans [59].

In Iran, where dairy products hold cultural and 
dietary signiĕ cance, ensuring the safety of these prod-
ucts from Brucella contamination is crucial for public 
health [60]. Implementing stringent control measures 
in dairy production, processing, and distribution can 
help mitigate the risk of Brucella transmission through 
dairy products and raw milk [57, 59, 60].

11) Vibrio prevalence in food
Vibrio spp. are halophilic marine bacteria. Some 

species, including V. cholerae, V. parahaemolyticus, 
and V. vulniĕ cus, have the potential to cause gastro-
enteritis or septicemia in humans.  e primary mode 
of transmission for this foodborne illness is the inges-
tion of raw, undercooked, or mishandled seafood con-
taminated by bacteria [61]. Table 11 presents the re-

Table 9 cont.
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Figure 11.
Prevalence of Brucella in diff erent foods in Iran.

Area
References

Brucella spp.
Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Hamadan[339]Brucella spp.4.112291
Unpasteurized Milk 

and Dairy
20221

Kurdistan[340]Brucella spp.6.6616240Bovine Milk20212

Hamadan[341]Brucella spp.
49227Dairy products

20203 2.3143Non boiling milk
[341]221Fresh cheese Cream

Isfahan,

Semnan
[342]Brucella spp.

3396

Raw camel milk20194 [342]         251

145

Tehran[58]Brucella spp.

28.860208Dairy Products

20185

45.51533Goat raw milk

39.1923
Non-pasteur ized 

cheese
27.3933Sheep raw milk 
26.31557Cow raw milk
25728Pasteurized cheese  

14.7534Pasteurized milk

Tehran[343]

Brucella spp.78.611

14Dairy Products20176 B. melitensis 72.78

B. abortus    27.33

Kerman[344]Brucella spp.8.141530Sheep raw milk
Goat raw milk20177

Kerman[345]Brucella spp.
1.289700Raw milk 

20178 13300Sheep’s raw milk 
1.56400Goats raw milk

Isfahan[346]Brucella spp.
34132Unpasteurized  

milk9
1.5165Dairy products

Kerman[347]Brucella spp.8.3448Cow‘s raw milk201610

Table 10.
Summary of the studies reporting the prevalence of Brucella spp.  in Iran.
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Shahrekord 
& Isfahan

[348]Brucella spp.

8.920225 Milk 

201611 9.612125 Sheep milk

18 18100 Goat milk

Southeast region 
of Iran[344]Brucella spp.

10.851 470 Raw goat milk
201612

5.418 330  Raw sheep milk
Zanjan[200]Brucella spp.53.33260Raw milk201513

Tehran[349]Brucella spp.

331957Raw cow milk

201414

291034Pasteurized cow 
milk

28828Pasteurized cheese 
601423Traditional cheese
632133 Raw goat milk 
571933Raw sheep milk

Urmia[350]Brucella spp.
1.6 181117Cattle milk 

201315
16.599598Sheep  milk

Table 10 cont.

sults of studies conducted in Iran on the prevalence of 
Vibrio spp. in diff erent types of food. Vibrio spp. were 
predominantly detected in seafood, including lobster, 
ĕ sh products, crayĕ sh, ĕ sh, and shrimp, as well as 
drinking water. As illustrated in Figure 12, the prev-
alence of Vibrio spp. was highest in seafood, with ĕ sh 
exhibiting the greatest incidence (49.33%), followed 
by lobster (21.53%), crayĕ sh (8.63%), shrimp (8.12%), 
ĕ sh products (7.8%), and drinking water (1.3%) (Fig-
ure 12).  e ĕ ndings from Iran are in alignment with 
those from other countries. For instance, a compre-
hensive systematic review conducted in 2016 revealed 
that V. parahaemolyticus contamination was observed 
in 63.4% of oysters, 52.9% of clams, 51% of ĕ sh, and 
48.3% of shrimps [62]. A similar study in China in 

2020 reported that 15.34% of shrimp samples, 14.17% 
of ĕ sh samples, and 3.67% of RTE food were contam-
inated with V. parahaemolyticus [63]. However, there 
are no reports available from Iran regarding the prev-
alence of V. parahaemolyticus in RTE foods.

12) Shigella prevalence in food
 e Shigella genus encompasses four known spe-

cies: S. dysenteriae, S. boydii, S. Ę exneri, and S. sonnei, 
which have also been classiĕ ed as subgroups A to D, 
respectively [64]. While S. Ę exneri has traditional-
ly been reported as the main cause of shigellosis in 
developing countries, recent studies have shown that 
S. sonnei has become the predominant species of Shi-
gella in Iran [64]. According to the WHO, Shigella 

Figure 12.
Prevalence of Vibrio in diff erent foods in Iran.
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AreaReferencesType of Vibrio spp.
Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Isfahan[351]Vibrio species956164Fish20211

 Mazandaran[352]V. parahaemolyticus00200Frozen ĕ sh20202

Zanjan[353]V. parahaemolyticus17.11270Shrimp 3

 Mazandaran[354]Vibrio spp.2346200
Cold Smoked Salt-

ed Fishes
20184

 Persian Gulf[355]V. parahaemolyticus
311858Fish 

20165
12.7755Shrimps

Genaveh 

seaport
[356]V. parahaemolyticus

6.6230Fresh shrimps
20156

6.6230Salted shrimps

South coast of 

Iran
[357]Vibrio spp.19.4736Shrimps20147

Bushehr, Persian 

Gulf
[358]V. parahaemolyticus

2222100Fish
20148 21.61360Lobster 

17.5740Crab caught

Aras[357]

V. vulniĕ cus 11.311

97Crayĕ sh20149
V. harveyi7.27
V. alginolyticus22
V. mimicus 11

 Isfahan[360]V. cholerae
23144Tap-water

201310
0.63304Bottled mineral 

water

[122]V. parahaemolyticus

7.1570Fresh shrimp 

201211
2.9270Salted ĕ shes
0010Fish nugget
0010Shrimp burger

Persian Gulf[361]

Vibrio spp.4040100
Lobsters

201212
V. parahaemolyticus33100
Vibrio spp.12.5432

Crab
V. parahaemolyticus3.1132

Bohsher. Hor-
mozgan,Khoozc-
stan

[361]V. parahaemolyticus9.629300Fresh shrimp201013

Bohsher. Hor-
mozgan, Khooz-
estan

[361]Vibrio spp.2.116770Fresh shrimp200414

Table 11.
Summary of the studies reporting the prevalence of Vibrio spp. in Iran.

spp. cause approximately 165 million cases of bacil-
lary dysentery and 1 million deaths worldwide each 
year [64]. In general, Shigella spp. are among the most 
prevalent causes of acute diarrhea in Iran, with a par-
ticularly high incidence among children and young 
adults. A diverse array of foods, encompassing meat, 
dairy products, and vegetables, have been identiĕ ed as 
potential sources of shigellosis outbreaks worldwide 
[64]. Table 12 presents the results of studies conduct-
ed in Iran on the prevalence of Shigella spp. in diff erent 

types of food. As illustrated in Figure 13, contamina-
tion with Shigella spp. is most commonly reported in 
RTE foods (1.72%) and vegetables (1.05%), followed 
by red meat (0.4%). In contrast to the data from Iran, 
a high prevalence of Shigella spp. contamination has 
been reported in vegetables (25.25%) in India [65], 
and in beef, chicken, and dairy products in Egypt [66]. 
According to our review, poultry meat should be con-
sidered a high-risk food with the potential to spread 
foodborne zoonoses in Iran. In general, poultry meat 
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AreaReferencesType of Shigella spp.
Prevalence 

(%)

Positive sam-

ples (N)
Sample sizeSample typeYear

Tehran and 
Qazvin[364]Shigella sonnei2.2413580

raw milk, ground 
meat, and raw 
vegetable

20221

Qazvin[365]Shigella spp.4.4418405
Vegetable salad, 
ground meat, and 
raw cow's milk

20212

Qazvin[366]Shigella spp.4.848165meat, vegetable sal-
ad and raw milk20213

Isfahan, Fars, 
Hormozgan,

Kohkiloyeh va 
Boyer Ahmad

[64]

S. sonnei0.82

250Ready to eat food

20194

S. Ę exneri00
S. dysenteriae00
S. boydii00
S. sonnei0.71

150Fresh meat
S. Ę exneri1.32
S. dysenteriae00
S. boydii00
Shigella spp.00150Frozen meat
Shigella spp.00100Cow milk
Shigella spp.00100Domestic cheese
S. sonnei1.28

650Vegetables
S. Ę exneri0.96
S. dysenteriae00
S. boydii00
Shigella spp.1.4191400

Tehran[367]Shigella spp.7.8790Ready-to-Eat Salad 20185

Shiraz[368]Shigella spp.66100
Food  (vegetables, 
chicken, minced 
meat, ĕ sh)

20186

Golestan[369]Shigella spp.0018Camel milk20147

Table 12.
Summary of the studies reporting the prevalence of Shigella spp. in Iran.

is more susceptible to contamination during process-
ing and handling due to its higher water content and 
pH levels, which provide an optimal environment for 
the proliferation of bacteria [67]. Moreover, poultry 
meat is frequently sold and consumed in its raw state, 
thereby increasing the probability of contamination 
if the requisite hygiene standards are not observed 
during slaughter, processing, and storage. In contrast, 
red meat and seafood have lower contamination rates 
compared to poultry meat, likely due to diff erences in 
processing and handling practices [68].  ese ĕ nd-
ings underscore the necessity of developing strategies 
to reduce the contamination levels of poultry meat to 
eff ectively control and prevent foodborne illnesses in 
Iran.

 e risk of food contamination, particularly in 
meat products, is signiĕ cant. However, to eff ectively 

underscore the importance of foodborne diseases, it is 
imperative to document the consequences of infection 
with these pathogens and generalize this information 
to the population in Iran. Currently, foodborne dis-
eases in Iran are not generally reported, leading to 
a likely gross underestimation of their burden.  is 
underestimation is attributable to the fact that many 
foodborne illnesses do not exhibit suffi  cient severity, 
duration, or speciĕ c diagnostic criteria for accurate 
identiĕ cation and intervention. Similar circumstanc-
es exist in developed countries, such as the United 
States. For instance, the CDC estimates that food-
borne pathogens cause approximately 48 million ill-
nesses, 128,000 hospitalizations, and 3,000 deaths an-
nually in the US [70].

 erefore, it is crucial to emphasize the necessi-
ty of establishing robust monitoring systems in Iran. 
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Cancer is a widespread disease of various types worldwide that aff ects many people. Today, titanium dioxide 
nanoparticles have substantial therapeutic applications. We investigated how harmful titanium dioxide is 
to breast cancer cells. MCF-7 cancer cells and HFF cell lines were cultured.  e survival of cells exposed to 
diff erent amounts of titanium dioxide nanoparticles was tested.  e examined concentrations were 25, 50, 
100, and 200 μg/ml.  e survival rate was measured a er 48 and 72 hours and IC50 was determined. We 
found that the highest toxicity occured  while MCF-7 and HFF cells were exposed to 200 μg/ml of titanium 
dioxide. Apoptosis in MCF-7 and HFF cells emerged as shown with Annexin V-PI staining and Ę ow cy-
tometry. Under a microscope, it was found that titanium dioxide nanoparticles could be harmful in speciĕ c 
amounts. At a dose of 200 μg/ml, a er 48 and 72 hours of treatment, MCF-7 and HFF cells were aff ected.  e 
mitochondrial membrane broke when breast cells were exposed to titanium dioxide nanoparticles.  e ma-
trix leaked into the cytoplasm, and the rough endoplasmic reticulum swelled.  ese observations occurred 
a er 72 hours of treatment with a concentration of 200 µg/ml. Considering the acquired eff ects, titanium 
dioxide nanoparticles may be advocated as potential medicinal candidates for pharmaceutical purposes 
even though further research is required.
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Introduction  

Nanotechnology is a broad ĕ eld of applied 
physical sciences, chemical engineering, and 

biological engineering. NPs are tiny particles with di-
mensions less than 100 nm. Nanotechnology is used 
to supply cosmetics and medications. NPs have an-
cient records and were utilized by artisans in the 9th 
century to polish the surface of pottery. TiO, known 
as titanium IV, was ĕ rst commercially extracted from 
ore in 1923. Titania exists in three forms: rutile, ana-
tase, and brookite. Due to its luster, TiO is used as a 
light-reĘ ecting coating in papers and tablets as a white 
pigment, and also as an ultraviolet inhibitor in sun-
screen. 

Oxidative stress caused by environmental pol-
lution and harmful gases, such as greenhouse gases, 
plays an essential role in aging. Moreover, the accu-
mulation of reactive oxygen species damages the nu-
cleic acid of the cells and can lead to aging. NPs build 
up rapidly in the environment, and the unique behav-
ior of NPs, especially their high surface-to-volume ra-
tio, is the reason for their high reactivity and ability to 
pass through cell membranes. NPs cause cell damage 
and inĘ ammation due to the production of free radi-
cals in cells [1]. 

 e autosomal cell cycle has four phases, the 
ĕ rst of which is called the S phase, where DNA syn-
thesis and replication occur.  e second phase is the 
M phase, where cell separation happens. In addition 
to the S and M phases, the cell cycle has three other 
phases: G1, G2, and G0. Cyclin kinases are responsi-
ble for controlling these phases.  ere are two types 
of tumors: benign and malignant. Malignant tumors 
are cancerous and grow fast.  ey can spread to oth-
er tissues and invade the body [2]. Cancerous cells 
can enter the bloodstream or lymphatic system and 
spread to distinct elements of the frame. All forms of 
most cancers are a consequence of troubles inside the 
cells. Normal cells usually divide to make new cells at 
the same time as they are needed, preserving stability 
amongst cell increase and cellular loss of life. While 
the managing system that regulates cellular boom is 
disrupted, cells divide uncontrollably and form tu-
mors. Mutations that increase cell branches and pre-
vent the loss of cell existence can cause cancers . In the 
modern day, scientists have discovered mutated genes 
in human cancer cells.  ese genes are divided into 
three groups: proto-oncogenes, tumor suppressors, 
and DNA restore genes. Mutations in these genes can 
set off  proto-oncogenes or inhibit tumor suppressor 
genes, leading to out-of-control cell growth and im-
mortality. Mutations in DNA repair genes can also 
cause the accumulation of more signiĕ cant muta-
tions. Cancers are now the second leading cause of 
death worldwide. Breast cancer is the most cancer for 

Result
Cell Growth Inhibition by TiO NPs

TEM Technique
TEM image represents the morphology and or-

ganelles of MCF-7 and HFF cells via the NPs. TEM 
analysis shows the structural adjustments and damag-
es occurring following treatment with TiO. Intracel-
lular uptake of TiO NPs was established by TEM.  e 
MCF-7 and HFF cells were incubated for 72 h with 0 
and 200 μg/ml of TiO NPs.

Figure 1 (A and B) demonstrates the ĕ broblast 
cells without treatment, where the organelles are seen 
as healthy and intact. A er 72 h, the results showed 
that the mitochondrial organelle was elongated and 
the rough endoplasmic reticulum was inĘ amed. Fig-
ure 2 (A and B) shows breast cancer cells without 
treatment. Compared to normal cells, these cells have 
many mitochondrial organelles due to multiple and 
misplaced mitotic divisions. Figure 2 (C and D) indi-
cates the breast cancer cells treated with a concentra-
tion of 200 μg/ml for a period of 72 h. Electron micro-
scope images show the presence of TiO NPs inside 
the cell, as well as mitochondrial membrane rupture 

women. It causes more deaths than lung and stom-
ach cancers. A survey reported 40,430 deaths from 
breast cancers (40,000 women and 430 men) in 2014 
[3]. Cancer is the leading cause of death in Iran, a er 
coronary heart disease and accidents [4]. Reducing 
death rates from breast cancer is diffi  cult in develop-
ing countries, including Iran [5]. Treating breast can-
cer is diffi  cult because chemotherapy has limited ef-
fectiveness and side eff ects.  erefore, today the focus 
is on controlled and targeted drug delivery systems. 
NPs can target and deliver anticancer agents to maxi-
mize their eff ectiveness and minimize the side eff ects 
[6].  ere is an urgent need to ĕ nd new substanc-
es for treatment. NPs are an alternative for treating 
diseases due to their biological eff ects and small and 
unique size. TiO is used in many industries, such 
as paper, plastic, cosmetics, and paint. It is also used 
as a disinfectant and biological sensor to kill tumor 
cells [7].  e anticancer inĘ uences of TiO have been 
investigated on several cancers, and the experiments 
showed that the viability of most cancers depends on 
the particle doses and counseled that TiO NPs can 
be used for cancer treatment. TiO NPs aff ect MCF-
7 and HFF cell traces in distinctive concentrations. 
 is cell line has been considerably used as a human 
breast cancer cell line for the development of recent 
antitumor treatments.  e purpose of this was to as-
sess the cytotoxic activity of TiO NPs.
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Figure 1. 
Eff ect of 200 μg/ml con-
centrations of TiO NPs 
on HFF cell line. A, B: 
Control group-HFF cell, 
×4000; C, D: Dose 200 
µg/ml-HFF cell, ×4000. 
Lys, lysosome; MT, mi-
tochondria; ERr, rough 
endoplasmic reticulum; 
H-N, heterochroma-
tin nucleus; N, nucleus; 
TiO, TiO nanoparticle; 
dMT, damage mitochon-
dria; N, nucleus. 

Figure 2. 
Eff ect of 200 μg/ml con-
centrations of TiO2 NPs 
on MCF-7 cell line. 
A, B: Control group-
MCF-7 ×4000; C, D: 
Dose 200 µg/ml-MCF-7. 
Lys, lysosome; MT, mito-
chondria; MV microvilli; 
V, vacuole cytoplasm; 
N, nucleus; ERs, smooth 
endoplasmic reticulum; 
dMT, damage mitochon-
dria; ERr, rough endo-
plasmic reticulum; TiO,  
TiO nanoparticle.
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and leakage. Moreover, they present the swelling of 
the rough endoplasmic reticulum.

MTT Assay
In our study, we used TiO NPs to treat MCF-7 

and HFF cell lines.  e used concentrations were in 
the range of 25-200 μg/ml. We used the MTT assay to 
measure cell growth inhibition. As the concentration 
of TiO NPs increased, we found that cell growth was 
increasingly inhibited.  is was observed a er 48 and 
72 h of exposure to the NPs. Cell viability decreased 
in a dose-dependent manner. Figure 3 shows that the 
amount of inhibition of cells depends on the concen-
tration. At the concentration of 200 μg/ml, cell death 
percentages were signiĕ cantly lower a er 48 and 72 
h of treatment (p = 0.01, p < 0.05). We calculated the 
IC50 values for TiO NPs.  e values represent the 
concentrations that cause 50% toxicity or death in the 
MCF-7 cancer cells and normal HFF cells.  e IC50 
was 420 and 1000 μg/ml for MCF-7 and HFF, respec-
tively.

Micronucleus Assay
 e micronucleus technique is a very convenient 

and fast method for examining the structural abnor-
malities of chromosomes.  is technique is extensive-
ly used to study the cell morphology.  ese groups in-

Figure 3. 
Eff ect of diff erent concentra-
tions of TiO2 NPs (μg/ml) on 
HFF and MCF-7 cells line. A: 
48h, HFF cell line; B: 72h, HFF 
cell line; C: 48h, MCF-7 cell 
line; D: 72h, MCF-7 cell line.

cluded the absence of or presence of NPs.  e results 
of light microscopy showed that TiO2 NPs can cause 
concentration-dependent toxicity at a dose of 200 μg/
ml in the treatment periods of 48 and 72 h in the MCF-
7 and HFF cell lines. As a result, at the concentration 
of 200 μg/ml, the percentage of cell death in the treat-
ment periods of 48 and 72 h (p = 0.01) is signiĕ cantly 
lower than other groups (p < 0.05) (Figure 4).

Flow Cytometry Assay
To assess the rate of cell death due to TiO NPs, 

the MCF-7 and HFF cells were handled with IC50 
attention.  e cells were then stained with FITC An-
nexin V and PI and were analyzed by Ę ow cytometry. 
 e Ę ow cytometry results are presented in Figure 5. 
While exposed to 420 μg/ml of TiO NPs, the MCF-7 
and HFF cells experienced a substantial decrease in 
viable cells. Moreover, the proportion of apoptotic 
cells extended. In the meantime, the percentage of ne-
crotic cells was tiny and negligible.
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Figure 4. 
Eff ects of diff erent concentra-
tions of TiO2 NPs (μg/ml) on 
HFF and MCF-7 cells line. A: 
48h, HFF cell line; B: 72h, HFF 
cell line; C: 48h, MCF-7 cell 
line; D: 72h, MCF-7 cell line.

Figure 5. 
Eff ect of TiO NPs 200 (μg/ml) 
on HFF and MCF-7 cells line. 
A: control, HFF cell line; B: 
72h, HFF cell line; C: control, 
MCF-7 cell line; D: 72h, MCF-7 
cell line.
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We obtained chemicals and reagents from diff erent compa-
nies. RPMI1640 and FBS were purchased from Biosera in France. 
TiO2 NPs (nanopowder) were obtained from Sigma-Aldrich 
(Germany). We purchased MTT, plastic dishes, 6-well and 96-well 
plates, doxorubicin, and DMSO from BETACELL in Belgium .

TiO Np Topography and NPs Characterization
We purchased TiO NPs from Sigma-Aldrich company (Unit-

ed Kingdom).  e TiO2 NPs used in this study were titanium (IV) 
oxide, and anatase, with a purity of 99.7%. We weighed the TiO2 
NPs and placed them in natural water. In order to reduce the 
length of NP aggregates, NPs were sonicated three times for 30 
min. We analyzed the TiO NPs using a particle length analyzer 
(D mean number 35.51 n.m) (NanoQ Report).  e topographical 
surface was then studied with a TEM (LEO 912 AB) (Figure 1).

Discussion
NPs are a necessity in physics and dentistry be-

cause they can contest bacteria, fungi, and viruses (8-
10). However, researchers have limited studies on the 
antineoplastic eff ects of TiO NPs.  e TiO NPs did 
not harm glioma C6, RG2, mouse, or human glioma 
U373 cells. Copper-TiO NP complex turned out to 
be much less poisonous than copper alone, indicating 
some protection from the harm of TiO NPs. How-
ever, the complex became somewhat more venomous 
than cisplatin.  e copper-TiO complex can be a 
part of mitochondria and ATP composition. It may 
also lower the shaping of nitrogenic bases. Moreover, 
it may reach the cell nucleus and hook up with DNA 
base pairs.  is occurs through interplay or groove 
binding. In the long run, it can trigger apoptotic cel-
lular death [11]. 

Reports indicated that TiO NPs, with added Au 
and Pt, eff ectively destroyed the K562 tumor cells 
[12].  e way TiO NPs are taken up is not well un-
derstood. Some studies have suggested that TiO NPs 
are taken up and stored in diff erent cell parts, such 
as vacuoles, endosomes, and lysosomes.  ey may 
also be found in the cytoplasm because the lysosomal 
membrane breaks. Recently, it was found that TiO 
NPs can enter human cells through a speciĕ c recep-
tor. Human bronchial epithelial BEAS 2B cells were 
treated with nm uncoated anatase TiO-NPs smaller 
than 25 and SiO-lined rutile TiO-NPs of 10-40 nm.

Regardless of the truth that the uncoated TiO-
NPs increased the micronucleus, the SiO-protected 
NPs no longer [13]. Guichard et al. [14] determined 
that none of the TiO-NPs or TiO bulk behavior mo-
mentous starting of micronuclei shape a er 24 h of 
the exposure of these particles to SHE cells. Deter-
mind that none of the TiO NPs or TiO bulk resulted 
in signiĕ cant formation of micronulei shape a er 24 

Materials and Methods

Human epidermal cells (A431) were treated with 
50 nm anatase TiO-NPs at a dose of 80 mg/ml.  e 
treatment caused tremendous chromosome change 
at a dose of 80 mg/ml [17]. Human lung cancer cells, 
A549, were treated with 10 and 50 mg/ml of TiO-NPs 
for 24 h, and a micronucleus assay was performed 
to decide the genotoxicity of the debris.  ere was a 
high-quality response within the micronucleus induc-
tion for each of the treatment concentrations [18, 19]. 
 e toxicity of NPs for cancer cells was compared to 
normal cells. Investigations showed that the rate of 
the inhibition of cells depended on the concentration. 
However, with raising the concentration, the rate of 
toxicity increased, and on the other hand, the rate of 
cell survival diminished. Further investigations are re-
quired to explain the TiO NPs and to clarify the tox-
icity of TiO NPs on cells for ĕ nding modern method-
ologies for treating cancer and other diseases.

Conclusion
According to the observed eff ects, TiO NPs may 

be endorsed as potential medicinal candidates for 

hours exposure to SHE cells. e geno-
toxic potential of 20 n.m TiO was as-
sessed in SHE cells. e cells were treat-
ed with 0.1 mg/cm2 of the particles for 
12,24,48,66 and 72 hours. e micronu-
leuse frequenies were increased by the 
treatment in a time dependet manner.
[15] .  e genotoxic capability of 20 nm 
TiO-NPs became charged in the SHE 
cells.  e cells were treated with 1 mg/
ml TiO-NPs for 12, 24, 48, 66, and 72 
h.  e micronucleus frequencies were 
extended by treatment in an age-set-
ting method [15].  e HepG2 cells were 
treated with a low dose of 30 nm TiO-
NPs and a vital increase inside the mi-
cronucleus commonness was placed in 
the treated cells [16].

Figure 1. 
Detection of 
aggregation of 
TiO nanopar-
ticles (NPs) by 
t r a n s m i s s i o n 
electron micros-
copy (TEM).
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Cell Culture
 e MCF-7 and HFF cells (Ferdowsi University) were cul-

tured at 37˚C in RPMI 1640 and Dulbecco's Modiĕ ed Eagle 
Medium supplemented with 10% heat-inactivated FBS, 500 μg/
ml penicillin-streptomycin, and 200 μg/ml amphotericin B in a 
humidiĕ ed atmosphere with 5% CO. Cells were then harvested 
by treatment with 0.25% trypsin-EDTA.

Cytotoxic Activity
MTT test is used to check the share of living cells. A cell Ę ask 

with 60% conĘ uence was trypsinized, and a er cell counting, it 
was transferred to a 6-well plate, so that about 150×103 cells were 
placed in 200 μl of way-of-life medium for every concentration 
of TiO NPs, and were incubated at 37°C for 48 and 72 h. Cellu-
lar survival was assessed by adding 100 μl MTT (5 mg/ml in PBS 
containing 10% FBS) to each well, and the cells were incubated 
every other 4 hours. To dissolve the resultant formazan, 100 μl 
dimethyl sulfoxide was delivered, and absorbance was measured 
by a spectrophotometer at a wavelength of 540 nm. Moreover, cell 
death was calculated by the following formula. SPSS so ware and 
the Kruskal Wallis test were used for the statistical analysis of the 
data with a signiĕ cance level of p < 0.05.

Survival Percentage = OD test/OD count ×100

Analysis of Apoptosis by Flow Cytometry
To measure cell death, we used a Ę ow cytometry test called an-

nexin V-FITC apoptosis detection kit.  e test was performed fol-
lowing the instructions provided by the manufacturer. We treated 
the MCF-7 and HFF cells (5×105) with a solution of TiO2 NPs at 
diff erent concentrations of 25, 50, 100, and 200 μg/ml. A er 48 
and 72 h, we gently removed the cells from the dishes, washed 
them once with a medium containing serum, and put them in 
500 μl buff er. Next, we added 5 μl of annexin V-FITC and 5 μl of 
propidium iodide.  e cells were incubated at room temperature 
for 15 min in the dark. Finally, cells were analyzed using a BD 
Falcon Ę ow cytometer (USA).

Intracellular Uptake of TiO NPs
We exposed cells to diff erent amounts of TiO NPs for 48 and 

72 h. A erwards, we washed the cells three times with PBS and 
stuck them for 1 h with 2% glutaraldehyde in 0.1 M cacodylate 
buff er (pH: 7.4) at 4˚C. We collected the cells with a rubber scrap-
er, dried them, and embedded them in Araldite M. Samples were 
stained with uranyl acetate and lead citrate. Finally, thin sections 
were observed under a LEO 912 AB TEM at a magniĕ cation of 
×4,000.

Slide Preparation for Micronucleus Assay
We created two slides for each sample.  e quantity of ĕ xative 

varied depending on the pellet. We produced a total of four slides 
for each sample . On each slide, we introduced two 20 μl drops of 
cell suspension. Next, we allowed the slides to dry in the airand 
stained them with 10% Giemsa stain in phosphate buff er for 10 
min. A erwards, we allowed the slides to dry in the air for a single 
day. Subsequently, the slides were covered with a cover slip.

Statistical Analysis
 e distribution of MTT and micronucleus values among the 

control and four test groups receiving diff erent doses of TiO was 
compared using the non-parametric Kruskal Wallis test. A pair-
wise comparison was performed using the Mann-Whitney U test 
with Bonferroni adjustment. MTT and micronucleus values were 
compared between MCF7 and HFF cell lines and also between 

two assessing times (48 and 72 h) using the Mann-Whitney U test. 
 e data were analyzed using IBM SPSS Statistics version 26 so -
ware (IBM SPSS Statistics, Chicago, USA).
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Diabetes is one of the most common metabolic diseases worldwide which aff ects all organs, including the 
reproductive system. Today, many researchers use medicinal plants instead of chemical agents to achieve 
fewer side eff ects. Ferula assa-foetida L. is one of the medicinal plants used to treat many diseases tradi-
tionally for years.  e present study evaluated the antidiabetic and protective eff ects of Ferula assa-foetida 
L. on the testis of streptozotocin-induced diabetic male rats.  e histomorphologic study of diabetic rats 
treated with Ferula assa-foetida L. extract showed a signiĕ cant improvement in testes. Histological studies 
revealed that treatment with the Ferula assa-foetida L. extract signiĕ cantly increased sperm count in the 
seminiferous tubules and reduced ĕ brosis. Our study conĕ rmed the improving eff ects of Ferula assa-foetida 
L. on histomorphometric and biochemical parameters in diabetes and related testicular damage, which are 
partially attributed to the bioactive compounds and antioxidants in Ferula assa-foetida L.
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Introduction  

One of the common metabolic and endocrine 
diseases that is a serious threat to public 

health, especially in developing countries, is diabetes 
 [ 1]. Diabetes is caused by a decrease in insulin secre-

tion or sensitivity [2]. Disturbances in carbohydrate, 
lipid, and protein metabolism aff ect the secretion and 
function of insulin which is very worrying for the 
health of society [3].  erefore, improper lifestyle and 
nutrition leading to obesity and overweight have an 
eff ective role in the prevalence and occurrence of di-
abetes [4].

An increase in blood glucose level is one of the 
clear symptoms of diabetes, which results in structur-
al and functional changes in various tissues and or-
gans, such as the reproductive system [5]. Abnormal 
feedback of sex steroids in the hypothalamus-pituitary 
axis, which is observed in diabetic rats, is the result of 
abnormal transfer of steroids or decreased sensitivity 
of the pituitary gland [6, 7]. Moreover, various studies 
have shown that hyperglycemia in diabetes negatively 
aff ects male and female fertility [8,9]. Testes are sensi-
tive to hyperglycemia [10]. Weight loss[11], abnormal 
germinal epithelium [5, 12], and disruption of the tes-
ticular blood barrier are among the complications of 
diabetes [13]. When the blood glucose level rises, glu-
cose autoxidation causes excessive production of free 
radicals and ĕ nally oxidative stress [14]. A medication 
with fewer side eff ects to treat diabetes is Met which 
is used to control hyperglycemia and inhibits gluco-
neogenesis in hepatocytes. Its mechanism of action 
is inhibiting mitochondrial respiration and reducing 
cellular energy levels, which decreases glucose pro-
duction by hepatocytes [15]. Treatment of male dia-
betic mice with Met preserves the structure and func-
tion of the testis [16]. In order to reduce the negative 
eff ects of free radicals on the reproductive system and 
testes, many investigations have evaluated the impact 
of antioxidant compounds on this system. Among 
these antioxidant compounds, natural antioxidants 
found in medicinal plants have attracted the attention 
of scientists due to fewer side eff ects than chemical 
antioxidants on living organisms. Some medicinal 
plants, such as curcumin[17], Ficus Carica [18], Telfe-
ria Occidentalis [19], and Ginger [20], have been in-
vestigated. Another medicinal plant with antioxidant 

 properties is Ferula assa-foetida L. [21,22, 23] which 
has been used to treat many diseases for centuries. 
 is plant, which is native to Iran, is also called Ang-
huzeh, a member of the Umbelliferae (Apiaceae) fam-
ily [24]. Components of Ferula assa-foetida L. oleo-
gum resin are Ferulic acid, esters, coumarins, other 
terpenoids [24], umbelliferone [25], bisabolol, and 
quercetin[23]. It has been eff ective and available for 
the treatment of neurological disorders, stomachache, 

Result
Morphometric Data

According to Figure 1 and Table 1, the thickness 
of the epithelium of seminiferous tubules in group 5 
(diabetic rats treated with 250 mg/kg FAE) decreased 
signiĕ cantly compared to other groups (Figure 1). 

 e examination of the size of the seminiferous 
tubules in diff erent experimental groups showed that 
the size of the seminiferous tubules in groups 1, 3, and 
4 increased signiĕ cantly compared to groups 2 and 5, 
also in groups 3 and 4 compared to group 2 (Figure 1; 
Table. 1). 

Johnson, s Score
According to Figure 1 and Table 1, Johnson’s 

Score decreased in groups 2 and 5 compared to other 
groups. 

Biochemical Evaluation
 e comparison between groups 1 and 2 showed 

that diabetes caused a signiĕ cant decrease in testoster-
one levels in rats. Furthermore, a signiĕ cant increase 
in testosterone levels in group 4 compared to group 
2 indicated the positive eff ect of FAE on testosterone 
levels in diabetes (Figure 2.d).

As shown in Figure 3, the level of blood glucose 
increased in diabetic control group rats compared to 
non-diabetic control group rats. Moreover, the lack of 
signiĕ cant diff erence between groups 1 and 3 showed 
that the low dose of FAE in non-diabetic rats did not 

intestinal parasites, weak digestion, asthma, bron-
chitis, inĘ uenza, infertility, and diabetes for many 
years [24, 26, 27]. Research has shown that the use 
of Ferula assa-foetida L. is eff ective in the treatment 
of liver and kidney diseases, hyperglycemia, and hy-

   perlipidemia [28, 29]. In addition, the anti-obesity 
impacts of Ferula assa-foetida L. were investigated 
and the results showed that leptin and blood glucose 
levels decreased a er consuming Ferula assa-foeti-
da L. [30].  erefore, Ferula assa-foetida L. can be a 
good candidate for the treatment of diabetes because 
of its availability and natural antioxidant properties. 
As the number of people with diabetes is increas-
ing rapidly [1], the age of diabetes is decreasing[31] 
which raises the number of people with diabetes in 
reproductive age.  erefore, identifying the mecha-
nisms that destroy the testes in diabetes, discovering 
eff ective substances and medications, and preventing 
infertility and reproductive disorders are important 
issues. With this background, we decided to inves-
tigate the protective eff ects of  FAE on the testis of 
STZ-induced diabetic rats.
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Figure 1. 
Cross section of the 
testis from diff erent 
groups showing Tu-
bular Diameter (TD) 
and diff erent parts of 
the testis.  e yellow 
arrows showing tubu-
lar diameter (TD); the 
black double-sided 
arrow indicate lumen 
diameter (LD); green 
arrow heads showing 
interstitial tissue (IT); 
black single-side ar-
rows show tunica al-
buginea (TA); the blue 
double-sided arrow 
indicate epithelium 
thickness (ET).

Table 1.
FAE improves the morphometric features of the testis tubules in diabetes-induced rats.

Epithelium thick-
nessTubule DiameterJohnson, s score

46.16 ± 1.19168.83 ± 9.06#‡9.58 ± 0.54‡#Group1

33.83 ± 1.30*†±114.66 ± 84 †±¤5.57 ± 0.49†¤±Group2

47.60 ± 1.72‡174.40 ± 6.72‡9.89 ± 0.32Group3

47.40 ± 1.07176.80 ± 3.18‡9.51 ± 0.17‡Group4

21.66 ± 4.79*#±¤88.50 ± 12.405.34 ± 1.22¤†Group5

40.80 ± 2.78163.00 ± 8.61‡9.41 ± 0.40Group6

Data showing the tubular diameter, epithelium thickness and Johnson's Score in diff erent experi-
mental groups. 
Statistics: Data are mean values ± SEM; One-way ANOVA with Tukey test; P < 0.05 was considered 
as signiĕ cant; *, signiĕ cant in comparisons with non-diabetic control; #, signiĕ cant in comparison 
with diabetic control; †, signiĕ cant in comparison with non-diabetic+150 mg/kg b.w FAE ; ±, sig-
niĕ cant in comparison with diabetic rats treated with 150 mg/kg b.w FAE; ‡,signiĕ cant in compar-
ison with diabetic rats treated with 250 mg/kg b.w FA; ¤, signiĕ cant in comparison with diabetic 
rats treated with 100 mg/kg b.w Met.

reduce blood sugar levels. A signiĕ -
cant decline in blood glucose levels 
was observed in group 4 compared 
to groups 2 and 5, which shows that 
a lower dose of FAE reduces blood 
sugar levels in diabetes (Figure 2. 
b).

 e results of evaluating blood 
insulin levels in diff erent groups 
showed that insulin secretion in 
group 3 rose compared to groups 
1, 2, 5, and 6.  e levels of insulin 
in groups 3 and 4 did not diff er 
signiĕ cantly.  e high levels of in-
sulin in group 3 compared to other 
groups indicated the positive eff ect 
of a lower dose of FAE on insulin 
levels in non-diabetic subjects (Fig-
ure 2. c). 

Enzyme Activity
As shown in Figure 3, SOD enzyme activity de-

creased in diabetes and low dose of FAE increased the 
activity of this enzyme in diabetic and non-diabetic 
rats.

Weight Evaluation

A signiĕ cant diff erence in body weight was ob-
served between group 5 and other groups (Figure 
4. c). As shown in Fig. 4, the study groups were not 
signiĕ cantly diff erent in terms of the relative weight 
of the testes neither in the right testis nor in the le  
testis (Figure 4.g&h). According to Figure 5, there was 
a signiĕ cant diff erence between groups 1, 2, 5, and 6, 
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Figure 2. 
FAE (150 mg/kg b.w) corrects sugar and hormonal level in the blood of treated rats and its positive eff ect reduces at 
higher doses.
a, collected blood samples from tail vein of the animals before organ collcetion. b, bar graph showing the FBS level in 
diff erent experimental groups. c, bar graph showing the serum insulin level in diff erent experimental groups. d, bar graph 
showing the testestrone level in diff erent experimental groups. 
Statistics: bar graphs are mean values ± SEM; One-way ANOVA with Tukey test; P < 0.05 was considered as signiĕ cant; 
d & b, *, signiĕ cant in comparisons with non-diabetic control; #, signiĕ cant in comparison with diabetic control; †, 
signiĕ cant in comparison with non-diabetic+150 mg/kg b.w FAE; ‡, signiĕ cant in comparison with diabetic rats treated 
with 150 mg/kg b.w FAE; ¤, signiĕ cant in comparison with diabetic rats treated with 250 mg/kg b.w FAE.C, *; signiĕ cant 
in comparison with non-diabetic+150 mg/kg b.w FAE.

Figure 3. 
FAE increases antioxidative enzyme (SOD): super oxide dismutase in diabetes-induced rats. 
Statistics: bar graphs are mean values ± SD; One-way ANOVA with Tukey test; P < 0.05 was consid-
ered as signiĕ cant; *, signiĕ cant in comparisons with non-diabetic control (Group1); #, signiĕ cant 
in comparison with diabetic control (group2); †, signiĕ cant in comparison with non-diabetic+150 
mg/kg b.w FAE (group3); ‡, signiĕ cant in comparison with diabetic rats treated with 150 mg/kg b.w 
FAE (group4).
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which shows that diabetes had a negative eff ect on tes-
tis weight. Moreover, the weight of testicles in group 2 
was reduced compared to group 4, which conĕ rmed 
the positive eff ect of FAE on increasing testis weight 
(Figure 4.d).  e decrease in testis weight in groups 
2 and 5 compared to group 1 indicated the negative 
eff ect of diabetes on the absolute weight of the testis. 
 e weight of the testicle in group 4 increased com-
pared to groups 2 and 5, which emphasizes the posi-
tive eff ect of FAE as a treatment for diabetes. Groups 4 
and 5 showed that a low dose of FAE has an increasing 
eff ect on the weight of the testis compared to its high 
dose. In addition, the absence of a signiĕ cant diff er-
ence between the untreated diabetic group and the di-
abetic group treated with a high dose of FAE indicated 
the destructive eff ect of high amounts of FAE on the 
testis tissue (Figure 4. e).

Testis Tissue Changes

H&E Staining
Histological ĕ ndings of testes (Figure 1) by H&E 

staining showed that in groups 1 and 3, the structure 
and shape of tubules and sperm cells were normal 
compared to group 2. In group 2, the structure and 
shape of the seminiferous tubules changed.  e num-
ber of cell layers and spermatozoa reduced and sec-
ondary spermatids were not seen. Degenerated sper-
matic cells and apoptotic cells with pyknotic nuclei 
were visible.

As seen in images (Figure 1), histopathologi-
cal changes in the diabetic groups treated with FAE 
(group 4) and Met (group 6) were less than in the di-
abetic control group (group 2) and the arrangement 
and quality of sperm cells and the structure of the tu-
bules improved (Figure 1).

In groups 2 and 5, the number of sperm cells de-
creased and secondary spermatids were not seen in 
the seminiferous tubules. In addition, the number of 
cell layers decreased (Figure 1). In group 3 (Figure 1), 

Figure 4. 
FAE balances the body and 
testis weight in diabetic wistar 
rats.
a, Schematic drawing of the 
used protocol for FAE ex-
traction. b, a drawing of the 
protocol used for induction of 
diabetes in rat and organ/blood 
collection from treated/un-
treated animals. c, representing 
the weight of the animals at the 
time of organ collection. d-f, 
showing the weight of the le , 
right and the average mass of 
both testes respectively. g & h, 
are the bar graphs showing the 
relative testis weight obtained 
by dividing the mass of each 
testis to the weight of the body.
Statistics: bar graphs are mean 
values ± SEM; One-way ANO-
VA with Tukey test; P < 0.05 
was considered as signiĕ cant; 
*, signiĕ cant in comparisons 
with non-diabetic control; #, 
signiĕ cant in comparison with 
diabetic control; †, signiĕ cant 
in comparison with non-dia-
betic+150 mg/kg b.w FAE; ±, 
signiĕ cant in comparison with 
diabetic rats treated with 150 
mg/kg b.w FAE; ‡, signiĕ cant 
in comparison with diabetic 
rats treated with 250 mg/kg b.w 
FAE.
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Discussion
Many studies have shown that diabetes has com-

plex eff ects on the male reproductive system and 

good and normal spermatogenesis was observed in 
most of the tubules. We found that in group 4, sper-
matogenesis was good and normal, and Ferula pre-
vented the eff ect of diabetes on the tubules (Figure 1). 
Good and normal spermatogenesis was observed in 
group 6 (Figure 1).

Masson's Trichrome Staining
Masson's Trichrome staining was used in order 

to show the changes in the connective tissue.  e re-
sults showed that the connective tissue was normal in 
groups 1 and 3 (Figure 5). In group 2, the seminifer-
ous tubules in the testes were degenerated.  e exten-
sion of connective tissue into interstitial tissue, called 
ĕ brosis, increased signiĕ cantly (Figure 5). Fibrosis in 
the group receiving the lower dose of FAE was less 
than in other diabetic groups (Figure 5), in group 5 
was similar to group 2, and it was less in group 6 than 
in group 2 (Figure 5).

Figure 5. 
Cross section of the testis from diff erent groups showing the semineferous tubules with ĕ brosis. Arrows showing connec-
tive tissue and cells in diff erent groups.  e green arrow heads showing interstitial tissue (IT); the black single-side arrows 
show tunica albuginea (TA); the blue arrow head indicate germinal cell; the black arrow heads show connective tissue.

   spermatogenesis [ 5, 6, 8-10, 12, 17, 38-40]. Some 
of these inĘ uences include decreasing testosterone 
and insulin levels and increasing blood glucose.  ese 
changes were observed in the current investigation 
(Figures 1, 2, and 5).  ese biochemical alterations 
lead to decreased protein synthesis and increased cell 
apoptosis [40]. In the current study, the eff ects of di-
abetes on testicular tissue included a reduction in the 
number of germinal epithelial cell layers and a change 
in the number of germinal cells.  ese alterations are 
a result of apoptosis.  e increase in testosterone lev-
els in group 4 compared to groups 2 and 5 shows the 
positive eff ect of a lower dose of FAE and the negative 
eff ect of a higher dose of FAE on the testosterone level 
in diabetic rats (Figure 2.d). Diabetes aff ects pituitary 
gonadotropins and causes ultrastructural changes in 
the Sertoli and Leydig cells, and these changes dis-

 rupt normal spermatogenesis [ 41]. Moreover, low 
and high doses of FAE increase and decrease testos-
terone levels in male rats, respectively [26]. We indi-
cated that these hormonal alterations are along with 
tissue changes, including alterations in the number of 
cells and thickness of germinal epithelium in diabetic 
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testis. A low dose of FAE improves the disruptive ef-
fects of diabetes on the testis, while a high dose does 
not have such eff ects. According to the previous and 
present research, seminiferous tubule diameter and 
germinal epithelium thickness declined in diabetic 
subjects [5].  ese morphometric alterations are at-
tributable to the apoptotic and oxidative eff ects of di-
abetes [5] and more interestingly, FAE improved the 
morphometric features of the testis tubules in diabetic 
rats. It seems that these restorative eff ects of FAE are 
due to the presence of antioxidant and anti-apoptotic 
compounds in FAE.

 e eff ect of diabetes on Johnson’s score was eval-
uated and the obtained data were consistent with the 
results of the previous study [41]. In addition, the 
positive eff ect of a low dose of FAE on Johnson’s score 
and the negative eff ect of a high dose of FAE on John-
son’s score in diabetic and non-diabetic animals were 
observed in this study (Table 1).

 e eff ect of FAE, as a compound containing 
natural antioxidants, on spermatogenesis in diabetic 
rats was investigated.  e results were consistent with 
previous studies. For example, one previous study 
showed that FAE has positive eff ects on spermatogen-
esis and by increasing the dose of FAE, spermatogen-
esis increases, although tissue damage such as vacuo-
lation of Leydig cells were observed .  [26].  ere are 
many natural active compounds in FAE, which make 
it a good candidate for the treatment of diabetes and 
infertility. Ferulic acid, quercetin, and umbelliferon 
are the three important compounds found in FAE 
[23-25]. Ferulic acid and quercetin have antioxidant 
and anti-apoptotic properties [43].

Park et al. showed that the eff ects of ferulic acid 
on increasing testosterone levels result from inhibit-

 ing testosterone-reducing enzymes in the liver  [44]. 
Furthermore, quercetin increases the level of testos-
terone, FSH, and LH, while diabetes negatively aff ects 
these parameters.  ese changes in diabetic condi-
tions are attributed to the production of reactive oxy-
gen species that reduce the secretion of LH and FSH, 
and these events lead to a decrease in the number of 
Leydig cells and testosterone levels [45]. In our study, 
a low dose of FAE, as a rich source of ferulic acid and 
quercetin, reduced blood glucose levels (Figure 2. b) 
and increased insulin (Figure 2. c) and testosterone 
(Figure 2.d) levels. In the current study, the treatment 
of diabetic and non-diabetic rats with a low dose of 
FAE corrected the weight loss of the testis (Figure 4.d 
and 4. e).  is weight loss is due to insulin deduction 
which leads to decreasing structural protein synthe-
sis [46, 47]. Ferulic acid and quercetin reverse these 
weight changes by hyperglycemia control and insulin 
levels increase [43]. SOD and glutathione peroxidase 
are two key enzymes that neutralize free radicals and 

clean the testis from reactive oxygen species, thus re-
ducing oxidative stress [48].  ese enzymes decline 
in diabetic subjects, as in our study, the amount of 
SOD decreased (Figure 3).  e activity of the SOD 
enzyme (Figure 3) rose in group 4 compared to group 
2.  ese results emphasize that the presence of anti-
oxidant compounds in FAE prevents the destruction 
and apoptosis of the testis. Our study showed that 
the eff ects of FAE can be attributed to the antioxi-
dant compounds, including ferulic acid and querce-
tin. Umbelliferon is another antioxidant component 
found in FAE with many useful properties. Reduction 
of insulin resistance, hyperglycemia, and hyperlipid-
emia in diabetic rats are the eff ects of umbelliferon. 
Moreover, the increase of FSH, LH, and testosterone, 
and the upregulation of FSH, LH, and Peroxisome 
Proliferator-Activated Receptor γ (PPAR-γ) in the 
testes of rats are other eff ects of umbelliferon. PPAR-γ 
increases insulin sensitivity [49]. Umbelliferon reduc-
es oxidant factors, including reactive oxygen species, 
malondialdehyde, and nitric oxide, and augments 
antioxidant factors, namely SOD, glutathione, and 
catalase [50]. As can be seen in our study, in Figure 
2, the increase in testosterone in group 4 compared 
to group 2 shows the beneĕ cial eff ects of FAE and its 
natural antioxidant compounds, including umbellif-
eron.  e mammalian testis is very sensitive to lipid 
peroxidation due to the presence of unsaturated fatty 
acids.  erefore, treatment with umbelliferon before 
testicular ischemia prevents the harmful eff ects of ox-
idative stress [50, 51].

As shown in previous studies, antioxidants have 
ameliorating eff ects on diabetes and reproductive 
system disorders. Furthermore, our study emphasiz-
es the antioxidant and improving eff ects of FAE, as a 
compound rich in antioxidants, in the treatment of 
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(ACEC) of Ferdowsi University of Mashhad (No. 41,391). Accord-
ing to ACEC recommendations, we tried our best to minimize re-
search animal pain and suff ering.

Animals
All the Wistar rats used in this study were wild-type. A total of 

42 male Wistar rats at 3 months of age (weighting 270±20 grams) 
were obtained from the animal house. To adapt animals to the new 
environment they were kept in the laboratory for two weeks before 
the experiments.  e rats were housed under the standard condi-
tions at 23°C±1°C with a 12:12h light: dark cycle and had access to 
food and water ad libitum. 

Medications and Materials
In this study, we used STZ (Sigma Aldrich, USA) for diabe-

tes induction and Met (Merck, Germany) as a reference for the 

Materials and Methods
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treatment of diabetes. A rat insulin enzyme-linked immunosor-
bent assay kit (Merccodia, Sweden) was used for insulin measure-
ment. Testosterone and glucose were also measured by standard 
kits (testosterone was measured by rat testosterone ELIZA kit 
(Cayman Chemical, USA) and glucose were measured by Pars 
Azmoon glucose kit (Pars Azmoon, Iran)).

Plant Collection, Specimen Voucher, and Eth-
anolic Extract of Ferula assa-Foetida Prepara-
tion

Ferula assa-Foetida L. was collected from Bastak desert in 
Hormozgan province at latitude 27° 16' 25" N and longitude 
54°21' 51"E in the height of 1650 meters.  e plant was identiĕ ed 
by Ferdowsi University of Mashhad Herbarium with a voucher 
specimen (accession number: E-1165 FUMH) in 2020.  e plant 
name was checked with http://www.theplantlist.org.

Ferula assa-Foetida L. ethanolic extract was prepared as previ-
ously reported [28]. BrieĘ y, the dried oleo gum resin was collected 
and powdered by a grinder. A total of 100 grams of the powder 
was dissolved in 1 liter of ethanol 70° and a er 48 h at room tem-
perature, the solution was ĕ ltered four times using Whatman ĕ l-
ter paper (grade 40).  e ĕ ltered solution was dried using a rotary 
evaporator and the product was frozen on dry ice before storage 
at 4°C for further use.

Diabetes Induction and Experimental Groups
Diabetes was induced by injecting a single dose of STZ (55 

mg/kg b.w, intraperitoneally) as reported [32]. All non-diabetic 
groups in this study (including the control) received the same 
volume of citrate buff er (0.01 M, pH: 4.5) as the vehicle. Fasting 
blood sugar was monitored a er STZ injection for 10 consecutive 
days, and animals with a constant fasting blood sugar level up-
per than 250 mg/dl [33] were considered diabetic [34] and were 
used in our study. For studying the eff ect of Ferula assa-Foetida 
L. ethanolic extract on the reproductive organs of male rats, ani-
mals were divided into six groups including 1) non-diabetic con-
trol group that did not receive any treatment, 2) diabetic control 
group that was injected with only a single dose of STZ for diabetes 
induction, 3) non-diabetic treatment group treated with FAE (150 
mg/kg b.w, gavage), 4 and 5) diabetic treatment groups treated 
with FAE (150 and 250 mg/kg b.w, respectively, gavage, and 6) 
diabetic positive control group that received Met (100 mg/kg b.w, 
intraperitoneally). Both FAE and Met were dissolved in distilled 
water and the ĕ nal volume used for treating the animals via gas-
tric gavage was 1 ml.

Organ Collection, Tissue Processing, and Mi-
croscopy

 e animals were anesthetized with ether and then eutha-
nized with CO2 gas for organ collection 42 days a er treatment 
(28).  e testes were separated, weighed, and washed in nor-
mal saline before ĕ xation in 10% neutral buff ered formalin and 
Bouin-Hollande’s. Subsequently, tissue sections of 5 µm thick-
ness were prepared and stained routinely by Hematoxylin & Eo-
sin (H&E) (Merck) and Masson's Trichrome (Merck) [35].  e 
stained tissue sections were studied by light microscope and the 
acquired images were used for further quantiĕ cations.

Histomorphometric Analysis
To study the histomorphology of animal testes, the obtained 

images were opened with Image J so ware (version 1.44 p), and 
some parameters, such as the diameter of the seminiferous tu-
bules and germinal epithelium thickness, were measured. To 
measure the diameter of the seminiferous tubule, two opposite 

points were considered in the circumference of the tubules from 
the location of the connective tissue in the basement membrane. 
 e basement membrane was deĕ ned based on the connective 
tissue and myoid cells. To measure the germinal epithelium thick-
ness, the distance between the round spermatid and the basement 
membrane was reported as epithelium thickness (Figure 1) (Table 
1). In total, 20 tubules were analyzed in each tissue section and 
their average was reported as a single data point. 

Spermatogenesis Evaluation 
Johnson’s score is a measure for evaluating spermatogenesis 

in the seminiferous tubules [42]. For studying the FAE eff ect on 
spermatogenesis, Johnson's score values were calculated and an-
alyzed. In this way, Johnson’s score in each seminiferous tubule 
was determined based on a score of 1 to 10. At each tissue section, 
50 tubules were studied and their average was considered a data 
point (Table 1). 

Biochemical Evaluation
Insulin, testosterone, and glucose were evaluated by standard 

kits. SOD activity was determined by the Marklund method [37]. 

Data Analysis
For each experimental group, 5-7 rats were analyzed.  e 

means of the calculated values for each rat were reported as single 
data points and were used for making the graphs. Graphs were 
drawn with GraphPad Prism, Adobe Illustrator, and Microso  
Excel. Data were statistically analyzed by the SPSS so ware (ver-
sion 22). One-way analysis of variance and Tukey post hoc test 
were used and signiĕ cance levels were considered at p ≤ 0.05.  e 
error bars on the graph present the mean ± SEM. 
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 is study aimed to evaluate the eff ects of silymarin on diclofenac-induced acute liver and kidney poisoning 
in domestic pigeons (Columba livia).  e use of NSAIDs leads to adverse drug eff ects, such as cardiovascu-
lar and gastrointestinal hemorrhage and renal side eff ects.  e vast amount of pharmacological attributes 
possessed by silymarin describes the remarkable content of research aimed at understanding its eff ect in the 
remedy of diverse diseases. Fi een pigeons were randomly assigned into three groups (1, 2, and 3). Group 
1 pigeons served as the negative control group and only were given tap water. Groups 2 and 3 were admin-
istered diclofenac (15 mg/kg PO q12h) since the start of the study for 24 h.  e third group of pigeons was 
treated with silymarin (35 mg/kg) plus diclofenac, beginning 12 hours a er diclofenac exposure, with the 
silymarin treatment continuing q12h for 48 h. Blood samples were taken from the birds at times 0, 12 h, 
24 h, and 48 h of the experiment for serum biochemistry analysis.  e results indicated that the treatment 
of pigeons with silymarin reduced the serum level of AST, ALT, UA, and urea while increasing ALB and 
TP. Clinical observations also indicated the presence of toxication symptoms, including loss of appetite, 
diarrhea, and lethargy.  ese symptoms improved faster in the silymarin group. It can be concluded that 
silymarin reduces acute liver and kidney damage caused by diclofenac in pigeons.  
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Introduction  

In animals, the liver is an organ in which poi-
sons are widely accumulated.

Liver tissue is responsible for providing essential 
structures, such as protein, carbohydrate, fat, bile se-
cretion, glycogen storage, and detoxiĕ cation of vari-
ous medications [1, 2].

NSAIDs are a class of medicines that reduce in-
Ę ammation. play an important role in controlling and 
reducing fever and pain, and preventing blood clot-
ting [3].  ese agents are the most commonly used 
analgesics worldwide [4]. Adverse drug eff ects depend 
on the characteristics of the medication. Digestive 
system, cardiovascular, and kidney complications are 
among the common side eff ects of this pharmaceu-
tical class [5]. Due to the arbitrary use of NSAIDs in 
human societies, we see drug side eff ects every year, 
which are 25% in the United Kingdom and 21% in the 
United States [4]. COX is an enzyme that converts ara-
chidonic acid to prostaglandin.  e main mechanism 
of action of NSAIDs is inhibiting this enzyme. As a 
result, a reduction in pain, inĘ ammation, and fever 
occurs [6]. 

Diclofenac, sold under diff erent names in the 
market, is an NSAID that is applied to treat pain and 
inĘ ammatory diseases, such as gout. Oral, parenteral, 
or topical routes of application diminish pain within 
30 minutes [3].  e most important side eff ects of this 
agent are heart disorders, kidney failure, and stomach 
ulcers. Moreover, its common adverse eff ects include 
abdominal pain, vomiting, gastrointestinal bleed-
ing, headache, and dizziness. It should be noted that 
it is contraindicated in humans during the last three 
months of pregnancy [7]. As mentioned earlier, pros-
taglandin production from arachidonic acid through 
the COX pathway is inhibited by diclofenac [4].  e 
maximum plasma peak of diclofenac is observed 2 
h a er oral administration. Diclofenac is excreted 
through the liver and kidneys. It is metabolized in the 
liver to hydroxy diclofenac, which turns into sulfate 
and glucuronic acid, facilitating excretion through 
the renal system [4]. It is known so far that diclofenac 
causes toxicity due to the damage to the mitochondri-
al function and the creation of pro-oxidant radicals, 
which are metabolized by peroxidases [4].

In the past, several studies have been conducted 
on animals exposed to poisoning and their treatment 
with diff erent herbal medicines [8, 9]. Silymarin is 
one of the plant-derived agents that has been studied 
many times due to its antioxidant, anti-inĘ ammato-
ry, immune system modulator, anti-ĕ brotic, antiviral, 
and liver-protective properties [10, 11]. Silymarin is 
a polyphenolic Ę avonoid extracted from the seeds of 
milk thistle (Silybum marianum), which belongs to 
the Asteraceae family [12]. Silymarin, as a liver-pro-

Result
As can be observed in Table 1 and ĕ gure 2, there 

was no signiĕ cant diff erence in tested parameters be-
tween diff erent treatment groups at the start of the 
experiment (hour 0). An increase in AST, ALT, and 
UA was found 12 h a er exposure to diclofenac.  e 
increase in AST, ALT, and UA was signiĕ cantly high-
er in the positive control group (p < 0.05). In terms 
of these three parameters, no signiĕ cant diff erence 
was observed between the treatment group and the 
negative control 24 and 48 h a er treatment, but both 
groups had a signiĕ cant diff erence with the positive 
control group (p < 0.05). Regarding urea, no signif-
icant diff erence was observed between the treatment 
group and the positive control in hours 12 and 24, 
but both groups showed a signiĕ cant diff erence with 
the negative control group (p < 0.05), and 48 h a er 
exposure to diclofenac, a signiĕ cant diff erence was 
observed between silymarin and the positive control 
groups (p < 0.05).

 e decrease in ALB and TP was found 12 h a er 
exposure to diclofenac.  e mean ALB level in hours 
24 and 48 was not signiĕ cantly diff erent between 
the negative control and treatment groups, but both 
groups had a higher level of ALB than the positive 
control group and showed a signiĕ cant diff erence (p 
< 0.05). In terms of TP in hours 12 and 48, no signif-
icant diff erence was observed between the treatment 
group and the negative control, but both groups had a 
signiĕ cant diff erence with the positive control group 
(p < 0.05). 

 e trend of alteration in the measured param-
eters over time in each group showed no signiĕ cant 
diff erence in the negative control group in terms of 
all the investigated parameters between the studied 
time points. On time 12, there was a rise in UA and 
urea, which was signiĕ cant in the treatment and posi-
tive control groups between times 0 and 12.  en, the 
amount of UA and urea in the blood declined a er 24 
and 48 h in the Silymarin group, but in the positive 
control group, the concentration of UA was still high.

AST and ALT enzymes signiĕ cantly increased in 

tective medication with detoxiĕ cation properties, 
has shown good performance in studies on exposure 
to acetaminophen, carbon tetrachloride, arsenic, bu-
tyrophenones, and phenothiazines [7, 13].  is plant 
has been observed to repair the liver damage caused 
by sodium nitrate in rats [12].

Considering the lack of data in the literature, the 
present study aimed to investigate the therapeutic ef-
fects of silymarin on diclofenac-induced poisoning 
in pigeons and its protective role on the liver and 
kidney.
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Treatment
4824120

3.90 ± 0.78 a,B3.86 ± 0.80 a,B3.94 ± 0.60 a,B3.93 ± 0.70 a,ANegative control
Uric acid

(mg/dL) 12.20 ± 2.00 a, A15.13 ± 3.80 a, A17.30 ± 4.19 a, A4.63 ± 0.66 b, APositive control

5.70 ± 0.98 b, B8.16 ± 1.95 b, B12.03 ± 1.95 a, A3.90 ± 0.81 b, ASilymarin

2.50 ± 0.70 a,B2.00 ± 0.81 a,B2.26 ± 0.80 a,B2.03 ± 0.73 a,ANegative control
Urea 

(mg/dL) 10.76 ± 1.88 a, A12.93 ± 3.10 a, A9.73 ± 0.76 a, A2.63 ± 0.66 b, APositive control

5.62 ± 0.61 b, B8.16 ± 0.85 b, A11.28 ± 1.03 a, A2.83 ± 0.66 b, ASilymarin

53.35 ± 3.51 a, B53.33 ± 5.03 a, B52.33 ± 1.52 a, B51.33 ± 3.21 a, ANegative control
AST

(U/L) 147.66 ± 10.01 a, A157.00 ± 17.08 a, A149.66 ± 10.01 a, A51.35 ± 1.52 b, APositive control

67.66 ± 2.51 b, B75.33 ± 12.85 b, B116.33 ± 35.92 a, A51.66 ± 2.51 b, ASilymarin

8.66 ± 1.52 a,B10.00 ± 2.64 a,B9.66 ± 2.52 a,B9.33 ± 1.52 a,ANegative control
ALT

(U/L) 27.00 ± 14.73 a, A28.33 ± 14.43 a, A25.66 ± 9.29 a, A10.00 ± 0.59 b, APositive control

11.33 ± 3.21 b, B15.66 ± 4.04 a, BSilymarin

1.71 ± 0.09 a, A1.71 ± 0.09 a, A1.69 ± 0.10 a, A1.71 ± 0.10 a, ANegative control
ALB

(g/dL) 0.66 ± 0.12 b, B0.66 ± 0.12 b, B0.54 ± 0.23 b, B1.21 ± 0.21 a, APositive control

1.22 ± 0.31 a, A1.04 ± 0.05 a, A0.69 ± 0.24 b, B1.31 ± 0.41 a, ASilymarin

3.93 ± 0.47 a, A4.16 ± 0.50 a, A3.93 ± 0.45 a, A4.03 ± 0.45 a, ANegative control
TP

(g/dL) 2.46 ± 0.56 b, B2.43 ± 0.49 b, B2.50 ± 0.60 b, B3.90 ± 0.45 a, APositive control

3.60 ± 0.43 a,A3.00 ± 0.30 b,AB3.93 ± 0.58 a,A3.93 ± 0.58 a,ASilymarin

 *Values are mean ± SD of three replicates.
a b e diff erent superscript letters in the same row indicate signiĕ cant diff erences (p < 0.05).
A-B e diff erent superscript letters in the same column in each parameter indicate signiĕ cant diff erences (p < 0.05).

Table 1.
Mean ± SD for kidney indices and liver enzyme concentration at diff erent time points, post-exposure with Silymarin compared to 
control groups.of S. aureus in Iran.

the treatment group 12 h a er exposure to diclofenac. 
AST enzyme decreased 24 h a er treatment with si-
lymarin compared to time 12 (p < 0.05), but ALT en-
zyme declined 48 h post-treatment. ALB showed a 
reduction a er 12 h in the positive control and treat-
ment groups. However, a er 24 h, the ALB level rose 
in the silymarin group. Although TP decreased af-
ter 12 and 24 h in the positive control and treatment 
groups, it increased a er 48 h in the silymarin group.

Clinical observations indicated toxication symp-
toms in the positive control and silymarin groups 
a er 12 h from the onset of the experiment, which 
included the loss of appetite, diarrhea, and lethar-

gy.  ese symptoms improved faster in the silymarin 
group as we did not ĕ nd these symptoms 48 h a er 
the onset of the experiment. On the other hand, the 
clinical signs of poisoning were still observed in the 
positive control group.  ere was no death in these 
groups.

Discussion
NSAIDs are utilized to treat diff erent clinical 

conditions in animals. Although NSAIDs are essen-
tial to managing pain and inĘ ammatory conditions 
in birds, their prescription is limited. One of the main 
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reasons for this issue is the shortage of research on 
NSAID usage in birds. NSAIDs, such as diclofenac, 
are applied as an antipyretic agent and a painkiller. If 
diclofenac is used once or several times but in a short 
period and a high dose, it will lead to acute poisoning 
[4]. In accidents and emergencies where the patient is 
injured and in pain, the possibility of acute diclofenac 
poisoning is high, especially if we do not have access 
to opioids and have to use a high dose of diclofenac to 
relieve pain [4]. Symptoms of acute poisoning include 
various side eff ects and even death within a few days 
[14]. 

 e clinical signs of diclofenac poisoning include 
neurological symptoms, such as drowsiness, dizzi-
ness, vision problems, hearing problems, gastrointes-
tinal problems (e.g., gastric ulcers and nausea), and 
renal issues (e.g., impaired urination) [15].  e results 
of this study showed that administering diclofenac 
caused some symptoms, including loss of appetite, di-
arrhea, and lethargy in groups II and III. However, it 
was observed that the symptoms in the birds in group 
III improved a er the administration of silymarin, 
while the symptoms were more stable and resolved 
in a shorter period in comparison to the pigeons in 
group II. Similar results were reported in a previous 
study that investigated the protective eff ects of sily-
marin on hepatotoxicity and renal toxicity caused by 
acetaminophen in pigeons [1].

According to previous studies, it can be stated 
that diclofenac causes serious damage to the liver and 
kidneys by increasing liver enzymes and decreasing 
protein production, as well as increasing UA and urea 
[16, 17].  Diclofenac poisoning in vultures and chick-
ens is characterized by signiĕ cant increases in plasma 
UA and subsequent gout [17]. As mentioned in Table 
1, hepatocyte injury markers (AST and ALT), were 
increased in diclofenac-administrated groups (II, 
III), while we observed a decrease in AST and ALT 
activities 24 h post-administration in the silymarin 
group (III). In line with the present study, research-
ers demonstrated that the administration of silymarin 
signiĕ cantly improved the altered serum biochemical 
parameters [1].

Hepatic degenerative changes by diclofenac cause 
cellular damage [18]. Diclofenac poisoning results in 
varying degrees of liver damage from mild to moder-
ate and severe. In cases of mild damage, we observe 
elevated liver enzymes, while in moderate damage, 
in addition to the increase of liver enzymes and bil-
irubin, decreased ALB is found. In cases of severe 
damage, in addition to the mentioned changes, severe 
jaundice is also observed [19]. AST is a non-speciĕ c 
liver enzyme that is also produced in other tissues, but 
its increase can indicate hepatotoxicity. Both AST and 
ALT are present in the cytosol of hepatocytes. Liver 

cell damage leads to a rise in the cell membrane per-
meability, and cytoplasmic enzymes move out of the 
hepatocytes, causing their increased activity in the se-
rum [20].

Oxidative stress can be mentioned among the 
tissue-damaging mechanisms that are the basis of di-
clofenac poisoning [21]. As a result, the active form of 
diclofenac, which is acyl glucuronide, mediates a large 
part of the poisoning events caused by this medicine, 
reminding the role and importance of antioxidants 
in preventing tissue changes [22].  e current rem-
edy for diclofenac poisoning includes preventing fur-
ther exposure and administering antioxidants. It was 
mentioned earlier that silymarin can be considered 
rich in antioxidative, anti-inĘ ammatory, anti-ĕ brotic, 
anti-viral, and protective properties against the liver 
[10]. 

 e greater the severity of the damage to the liv-
er cells, the more ALB and TP will be inhibited [16]. 
A decline in the ALB level was found 12 h post-ad-
ministration in both groups of birds administered 
diclofenac. ALB is produced mainly in the paren-
chymal cells of the liver [23].  erefore, liver damage 
can change the level of ALB in the blood. Silymarin 
treatment signiĕ cantly increased ALB levels, and sim-
ilar ĕ ndings were reported by Ihedioha et al. [1].  e 
reduction in TP is attributed to the initial damage to 
the endoplasmic reticulum, leading to the loss of cy-
tochrome P-450 enzymes and its functional failure 
with reduced protein synthesis and accumulation 
of triglycerides, resulting in fatty liver disease [24]. 
Treatment of group II pigeons with silymarin could 
normalize diclofenac-induced reductions in serum 
TP, indicating hepatoprotective activity.

Several studies have shown that chronic use of di-
clofenac in high doses can cause pathological changes 
in the liver and kidney tissue [4]. Diclofenac interferes 
with renal arterial blood Ę ow with a resultant dimin-
ished glomerular blood supply [17]. Birds are urico-
telic and 60%–80% of the total nitrogen excreted by 
birds is in the form of UA.  erefore, it has been pro-
posed to measure plasma UA concentration to assess 
renal function in birds [25]. An increase in UA and 
urea was found in the diclofenac-induced groups 12 
h post-administration. Loss of appetite and vomiting 
in birds of these groups led to dehydration and in-
creased levels of UA and urea. As seen in Table 1, UA 
and urea decreased in the silymarin-treated group 24 
h post-administration. Our ĕ ndings were in line with 
earlier research, where silymarin was utilized as a ne-
phroprotective agent, and acetaminophen was used to 
cause kidney injury in pigeons [1].

Based on the results of the present study, sily-
marin can be useful in correcting abnormal biochem-
ical changes in serum caused by diclofenac poisoning 
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Ethical approval
 e present research was approved by the Ethics and Animal 

Rights Committee, Faculty of Veterinary Medicine, Amol Univer-
sity of Special Modern Technologies (Ir.ausmt.rec.1402.15). 

Animals
 e pigeons in the present study were obtained from domestic 

bird breeding centers in the city of Amol, north of Iran. Fi een 
adult pigeons of obscure sex, with an average weight of 310 g, were 
used for this experiment. Next, all selected pigeons were physi-
cally examined, and the birds were approved to be healthy.  e 
birds were housed in steel birdhouses (100 cm × 60 cm × 60 cm 
dimensions) and were provided a standard pelletized bird diet and 
water.  e birds were allowed to get accustomed to this condition 
for 14 days. 

Medicine 
Diclofenac sodium tablets were supplied from Tehran-darou 

Pharmaceutical Company, Tehran, Iran (DICOTARD®, 100 mg/
kg). Silymarin tablets were supplied from Gol-darou, Esfahan, 
Iran, (LIVERGOL®, 70 mg/kg).

Study setting and design  
Fi een pigeons were accidentally divided into three groups (1, 

2, and 3). Group 1 served as the negative control group and was 
given just tap water. Pigeons in groups 2 and 3 were administered 
diclofenac 15 mg/kg PO q12h at the onset of the experiment (hour 
0) for 24 h.  e third group of pigeons was further treated with 
silymarin 35 mg/kg, beginning 12 h a er diclofenac consump-
tion, with the silymarin treatment continuing every 12 h for 48 
h. Blood samples were taken from birds at 0, 12, 24, and 48 h for 
serum biochemical analysis.

Figure 1.
Blood sampling from the wing vein

Materials and Methods

in pigeons and preventing its side eff ects.  erefore, 
it can be said that silymarin is a suitable treatment 
choice for pigeons and perhaps other birds aff ected by 
liver and kidney diseases.

Sample collection
At ĕ rst, 2 ml of blood from each bird in all groups was col-

lected from the right-wing vein with a 2.5-ml syringe using a 
23-gauge needle (Figure 1). Next, the collected blood was poured 
into test tubes to clot. To separate the clot from the serum, the 
samples were centrifuged for 10 min at 3000 rpm. A er centrif-
ugation, the serum supernatant was carefully separated from the 
clot and placed in clear and clean tubes until the analysis of bio-
chemical factors.  is operation was repeated 12, 24, and 48 h af-
ter diclofenac or water administration.

Biochemical analysis
 e factors evaluated in blood serum for this study were AST, 

ALT, TP, ALB, UA, and urea.  e preserved sera were utilized for 
spectrophotometric estimation (Cobas Mira Plus automatic ana-
lyzer, Roche, Switzerland) of the mentioned factors using com-
mercial assay kits (AriaAzma, Babol, Iran).

Clinical assessment
Birds were closely monitored every 6 h for the clinical signs of 

acute drug poisoning (e.g., anorexia, vomiting, diarrhea, ruffl  ed 
feathers, lethargy, sleeping, and death). If the mentioned clinical 
signs were observed in a pigeon, the cases were accurately record-
ed in its ĕ le.

Statistical analysis
Analysis of variance (ANOVA) with the Tukey-HSD test was 

used to assess signiĕ cant diff erences in UA, urea, AST, ALT, ALB, 
and TP between diff erent groups at each time point. Moreover, 
diff erences between the means of these parameters in distinct 
groups along exposure times were analyzed by repeated measures 
ANOVA and Tukey-HSD test. All results were expressed as mean 
± SD. Statistical analyses were performed using SPSS Version 26 
so ware (SPSS Inc., Chicago, IL, USA). For all analyses, p < 0.05 
was considered statistically signiĕ cant.
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Figure 2.
Diagrams A to F indicate kidney indices and liver enzyme concentration at diff erent time points, pre-and post-treatment with Sily-
marin in pigeons poisoned with diclofenac drug compared to a control group.
*Values are mean ± SE of three replicates.
a b e diff erent lowercase letters indicate signiĕ cant diff erences in each group between tested times (p < 0.05).
A-B e diff erent capital letters indicate signiĕ cant diff erences at each time point between the tested groups (p < 0.05).
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Feed and food contamination by toxigenic fungi and their aĘ atoxins is one of the main threats to animal 
and human health worldwide and in the agricultural and industrial sectors.  is study evaluated the con-
tamination magnitude by Aspergillus species in dairy farms, aĘ atoxin AFB1 in cow feeds, and aĘ atoxin 
AFM1 in milk and local cheese (Dangke). One hundred twenty-two swabs from farms, 12 roughage feeds, 
16 concentrated feeds, 39 fresh cow milk, and six cheese samples were analyzed for Aspergillus spp., AFB1, 
and AFM1 contamination. Aspergillus Ę avus and Aspergillus niger were detected in 13.93% and 7.38% of the 
swab samples, respectively.  e roughage feeds showed low levels of AFB1, detected in 8.33% with contami-
nation of 7.32 µ/kg, while concentrated feed was detected in 37.5% of specimens, with contamination levels 
of 27.8 µg/kg. AĘ atoxin AFM1 was detected in raw milk samples and represented approximately 69.2% of 
samples, with a mean of 7.31 µg/kg. All local cheese samples were free of AFM1.  ere were critical points 
regarding HACCP inside the farms, which play signiĕ cant roles in contamination by fungi and aĘ atoxins. 
Fungal contamination and aĘ atoxins pose dangerous public health problems to humans, especially infants 
and older people.  erefore, monitoring programs for mycotoxins are critical in reducing contamination.
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Introduction  

Mycotoxins are poisonous materials formed 
by toxigenic fungi that attack agricultural 

products in the ĕ eld or a storehouse in natural con-
ditions, including bad storehouses, high moisture, 
high temperature, and insect infestation [1]. When 
set up in animal ration and feed ingredients, these 
contaminants might pose big trouble and risk to lac-
tating cows when they exceed normal levels. Initially, 
they had a mischievous eff ect on animal health, such 
as decreased feeding effi  ciency, milk productivity, 
immunodeĕ ciency, emaciation, laminitis, infertility, 
and abortion [2, 3]. Furthermore, they may aff ect the 
food supply chain when they transfer from animal 
feed to milk and milk products [4, 5, 6]. Fungal fossils 
are very resistant to high temperatures and humidi-
ty, which can disrupt milk production during pro-
cessing[7]. Subsequently, people are exposed to these 
poisons using contaminated animal products, such as 
meat, milk, and dairy products. People's ex-posure to 
mycotoxins can have several adverse health eff ects, in-
cluding chronic and acute diseases, as well as terato-
genic, carcinogenic, and immunosuppressive eff ects. 
It might bring about death in critical cases, such as 
delayed chronic toxicity or high acute intoxication [8].

Considering adverse consequences on all crea-
tures and humans, mycotoxins cause huge monetary 
misfortunes for some countries, especially non-indus-
trial nations, due to the expenses posed on food safety 
[9].  e most common toxigenic fungi in agricultural 
products are species belonging to the Aspergillus, Al-
ternaria, Fusarium, and Penicillium genera. Fusarium, 
Aspergillus, and Penicillium are considered consider-
able mycotoxin-producers in animal feed worldwide 
[10].

In addition, fungal poisons, namely aĘ atoxins 
(AFB1, AFB2, AFG1, and AFG2), shaped by fungal 
species in the genera Aspergillus are critical myco-
toxins found routinely in all dairy rations worldwide 
[11]. In tropical and subtropical areas worldwide, 
the issue is more articulated as it relates to humidity 
and high climate temperatures that lean toward the 
growth and multiplication of fungi. Grains and plant 
protein sources utilized in animal diets are the prin-
cipal sources of fungal contamination and aĘ atoxins. 
Aspergillus multiplicates, preferably, on commodities 
at 15% or higher moisture levels at 25°C-35°C. Mois-
ture levels of more than 17.5% and temperature of 
27°C-30°C are required for the highest aĘ atoxins pro-
duction. AĘ atoxins decrease the quality of ingredients 
by using the nutrients in the ingredients for digestion 
and spread [12].

 ere is developing proof to propose that seasonal 
and geological contrasts impact mycotoxins and aĘ a-

Result
Socio-demographic of smallholder dairy farms 
in Enrekang Regency, Indonesia

 e socio-demographic and household charac-
teristics showed that the milking cows ranged from 
1 to 14 heads, with a mean (SD) of 5 (0.78) per farm. 
Approximately 69% of the owners used elephant grass 
as roughage feed, 30.8% used rice bran as concentrat-
ed feed, and most had feed storage facilities.  e own-
ers had a chance to be educated, and most of them 
attended secondary school (about 84.61 %), of which 
a high percentage was male as described below (Table 
1). Our results were similar to those in the Ethiopia 
[16].

Among all collected samples, about 39 (31.97%) 
of fungi were isolated and identiĕ ed macroscopical-
ly as Aspergillus and segregated by colony color into 
subgenera Flavi (green colonies), Nigri (black col-
onies), Fumigate (blue colonies), and Terrei (brown 
colonies).  erefore, macroscopic characters alone 
are insuffi  cient and inaccurate for identiĕ cation. 
Colony color has been examined microscopically to 
identify some micro features of isolated samples, such 
as conidiophore, vesicle, and conidia. Molecular anal-
ysis is sometimes conducted to conĕ rm the isolates 
and resolve the cultural limitations, but it was not car-
ried out in the current study (Figure 2). Mycological 

toxins formation in both food and feed [13]. Tragi-
cally, there is a need for more research in Indonesia 
in this regard, especially in dairy farms and animal 
feed parts, considering the hot and wet conditions 
that characterize this country as tropical. Previous 
studies in this region elucidated the occurrence of 
aĘ atoxins in dairy feeds and milk. 

 e HACCP system has long been presented 
worldwide to identify, assess, and control hazardous 
food safety factors. It is a coherent, fundamental, ef-
ĕ cient food safety control system with a complicated 
structure intended to identify and control risks and 
critical circumstances. From one perspective, this 
system ensures the safety of products on the way of 
the pecking order from maker to the shopper, em-
powers recognizing all the critical points that can in-
Ę uence the security and safety of the ĕ nal product, 
takes out unsafe factors, and controls the total pro-
duction process [14].  e current research aims to 
isolate and identify the extent of Aspergillus spp. con-
tamination and its toxin production in smallholder 
dairy farms and to determine critical control points 
of contamination in the environment, raw milk, and 
cheese processing units in Enrekang province, South 
Sulawesi, Indonesia. 



78

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Yousof, IJVST 2024; Vol.16, No.3
DOI:10.22067/ijvst.2024.88257.1385

AĘ atoxin by Aspergillus

ValueCharacteristicsVariables

11Men

Gender 2Women

1University

11Secondary
Education

1Primary

36 (0.64)Mean (SD)

Age
330-40

850-60

260-70

5 (0.78)Mean (SD)
Number of milking 

cows

5 (0.86)Mean (SD)
Milk production/

litter/day

9Elephant grass

Type of roughage 

feeds

4Elephant grass plus green corn

4Rice bran

3Soya by-products

2
Rice bran plus commercial 

concentrate

Type of concentrated 

feed

3Rice bran plus soya by-product

1Soya plus palm oil cake

10Yes

3NoFeed storage facilities

 SD: standard deviation

Table 1.
Socio-demographic features of smallholder dairy farms in Enrekang 
regency, Indonesia (N = 13)

analysis in this study revealed that most of the sam-
ples were contaminated by diverse fungi, all of which 
were identiĕ ed as mycotoxigenic fungi. Yeasts were 
also present in the samples.

A. Ę avus was the most frequently isolated among 
samples (N = 17, 13.93%), followed by A. niger (N = 
9, 7.38%), A. terreus (N = 6, 4.91%), and A. fumiga-
tus (N = 7, 5.74%) (Table 2).  ese results are similar 
to the report on the domination of A. Ę avus and A. 

niger in dairy animals and poultry feeds.  e 
current study showed the contamination of 
31.97% of samples by Aspergillus (Table 2) A 
high percentage was found in cows' udders (N 
= 12, 31.58%), followed by cage Ę oor (N = 8, 
66.67%), and milker hands (N = 5, 41.67). A 
low percentage was recorded in coconut mold 
(N=1, 8.33) and banana leaf (N = 1, 8.33%) as 
natural packaging.

Discussion
Socio-demographic of smallholder dairy 
farms in Enrekang Regency, Indonesia

 e percentage of women in agricultural 
activity was less than men, sometimes working 
beside their husbands or just working was wid-
owed or divorced.  e farmers needed more in-
formation about fungi and aĘ atoxins, and their 
knowledge about contamination was fragile. 
All of them agreed on the storage process and 
stated that they stored their animal feeds in a 
speciĕ c place to avoid humidity and rain for 
less than one month.  erefore, the growth of 
Aspergillus species will be less than expected 
when we compare their knowledge and feed 
practices inside the farms.  

Isolation of Aspergillus spp.
 e main reason for the prevalence of 

these fungi is their ability to tolerate and live 
in a wide zone of temperatures. Much research 
has investigated contamination by Aspergillus 
in animal feed. Most ĕ ndings concluded that 
A. Ę avus was the most frequent fungi, followed 
by other species of Aspergillus. No research has 
been published about the prevalence of As-
pergillus spp. in cage Ę oors, cow udder, milker 
hands, milk cans, hands of cheese workers, and 
cheese mold.

Among all isolated fungi, A. Ę avus was the 
most dominant, followed by A. niger, A. ter-
reus, and A. fumigatus, all of which are known 
as mycotoxigenic fungi. Udder of cows and 

cage Ę oors were highly contaminated, explaining that 
the Ę oor is not properly cleaned, and when the cows 
slumber on the Ę oor, the fungi transmit from one 
cow to another. On the other hand, the owners ne-
glected the importance of hygiene and cleaning prac-
tices.  erefore, it is essential to practice safety sys-
tems to minimize contamination. We took samples 
from the milkers’ hands immediately a er milking, 
which could suggest that the fungi spread from the 
cow's udder to the hands or vice versa.  e problem is 
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Isolation of Aspergillus spp. that these fungi transmit con-
tamination to milk and milk 
products directly or indirectly, 
and cause adverse health im-
pacts on workers' and animals' 
health regularly inside farms 
[17]. In a study, these ĕ ndings 
disagreed with the present re-
sults.  e results of another 
study on the prevalence of As-
pergillus in well water in dairy 
farms revealed that water was 
contaminated by A. Ę avus, A. 
niger, and A. terreus.  ese re-
sults were similar to our ĕ nd-
ings, and this similarity may 
be due to environmental con-
ditions in the two countries. 

Aspergillus was isolated 
from animal feeds in Indone-
sia in another place in Bogor, 
West Java.  e results demon-
strated the presence of A. Ę avus 
in feed samples [18]. Another 
study was conducted on Asper-
gillus in agricultural commod-
ities in Indonesia, and their 
results revealed toxigenic As-
pergillus [19]. Natural weath-
er conditions, including high 
humidity, rainfall, and moder-
ate temperature in Indonesia, 
support the growth of fungi, 
especially Aspergillus spp. In 
South Sulawesi, there was no 
previous study on the isolation 
of fungi from the feed of dairy 
farms or farm environment, 
making this study the ĕ rst re-
search in this area, which has 
considerable dairy farms. In-
vestigations showed no con-
tamination in the majority of 
roughage feed samples, with 
only one sample (8.33%) be-
ing positive for AFB1 and the 
mean of contamination being 
7.32 µg/kg (Table 3), which is 
above legal limits set by the 
European Union (5 µg/kg). 
However, it is lower than the 
National Indonesian Standard 
(50 µg/kg).  e present results 
supported those obtained in 

Total
Aspergillus spp.

No. of 
samplesSource of samples

A. terreusA. nigerA. fumi-
gatusA. Ę avus

5110312Water

8220412Cage Ę oor

12133538Cow udder

5111212Milker hand

4101212Milk cans

3011112Cheese worker hand

1100012Coconut mold

1010012Banana leaf

39
(31.97 %)

7
(5.74%)

9
 

6
(4.91%)

17 122Total

Table 2.
Isolation and distribution of Aspergillus species in diff erent swab samplesregency, Indone-
sia (N = 13)

Figure 1. 
Collection of samples in farm sites



80

RESEARCH ARTICLE IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Yousof, IJVST 2024; Vol.16, No.3
DOI:10.22067/ijvst.2024.88257.1385

AĘ atoxin by Aspergillus

Animal feed type

Palm oil cakeCommercial concen-
trateSoya by-productsRice branElephant grass

6.344.08-32.817.32AFs (µg/kg)

LODEODLODEODLODEU limits 20 (µg/kg)

LODLODLODLODLODSNI 200 (µg/kg)

 LOD: Low Limits of Detection, LOD is low in terms of the detection limits. EOD exceeds the limits of detection

Table 3.
Levels of AFB1 contamination in diff erent animal feed types

AFs
Factors

P valueOR≥ 5 µg/kg≤ 5 µg/kg

Level of education

0.990.0

01Primary

50Secondary

10University

Gender

0.990.0
20Female

00Male

Type of roughage feed

0.990.000Elephant grass

Type of concentrated 

feed

0.9969.95

37Rice bran

01Soya by-products

20Commercial concentrate

10Palm oil cake

Feed Storage

1.000.0
21On Ę oor

73On Special place

Table 4.
Logistic regression analysis of factors associated with aĘ atoxins

Ethiopia, which reported that about 52% of 
feed samples were above EU limits. On the oth-
er hand, the ĕ ndings here partially agreed with 
those obtained in Italy, showing a lower degree 
of AFB1 contamination [20]. 

However, the owners did not store rough-
age feed.  ey introduced it directly from the 
ĕ eld to the animals, which explains that the 
fungi grow on feed in the ĕ eld, not during stor-
age. Mold growth needs suitable humidity and 
temperature. To prevent mold growth and con-
tamination, we should focus on the natural and 
chemical methods that reduce the multiplica-
tion of fungi in the ĕ eld during harvest, trans-
portation, and storage.

Concentrated feeds in this study revealed 
low and high AFB1 contamination levels of 6.3 
and 44.08 µg/kg, respectively.  ese incidents 
are diff erent based on concentrated feed type. 
Palm oil cake showed low incidents, while 
rice bran and commercial concentrated feed 
showed high levels. High AFB1 in concentrate 
can be attributed to the proven and scientiĕ c 
facts that concentrated feed has high levels of 
fat, carbohydrate, and protein favorable for As-
pergillus species multiplication and aĘ atoxin 
production [12].  ese ĕ ndings align with an-
other study (Omeiza et al. 2018) in which the 
authors detected AFB1 in animal feeds with a 
concertation range of 10-20 µg/kg. Many fac-
tors can play a role in the contamination of 
dairy cattle feed, such as the type of feed, feed 
processing, storage and handling, geographic 
conditions, and owners' awareness of the risk 
of aĘ atoxin.  e owners in the present study 
area had no idea about aĘ atoxins.  erefore, 
the lack of suffi  cient knowledge of aĘ atoxins 
might lead to their high occurrence in the feed 
of animals besides milk and milk products [16]. 

Regarding the analysis of the factors asso-
ciated with aĘ atoxins, many factors showed a 



81

RESEARCH ARTICLEIRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Yousof, IJVST 2024; Vol.16, No.3
DOI: 10.22067/ijvst.2024.88257.1385

AĘ atoxin by Aspergillus

strong relationship with aĘ atoxin.  is study showed 
that only concentrated feed positively impacts aĘ a-
toxin, and its aĘ atoxin content is about six times more 
than roughage (Table 4).  ese results partially sup-
port those who reported that concentrated feed has 
increased aĘ atoxin seven times more and disagree 
with those regarding education level, gender, feed 

A B

Figure 2.
 (A) macroscopic characters and (B) microscopic characters of 
Aspergillus spp.

storage, and type of roughages. None of these fac-
tors had a positive eff ect on aĘ atoxin content.

AĘ atoxin AFM1 was found in 69.2% of raw 
milk samples with contamination levels from 6.14 
to 10.02 µg/kg with a mean of 7.31 µg/kg.  ese re-
sults disagree with those recorded in Albania, which 
showed about 0.022 to 1 µg/kg of AFM1 in milk 
[21]. A study in the Amazon region found AFM1 of 
about 0.06 µg/kg, which is less than our results [22]. 
 ese diff erences are related to feed, weather, and 
animal physiological status as the concentration of 
AFM1 in milk was higher during the early lacta-
tion period and decreased during the late lactation 
stage in dairy cows. All of the tested local cheese 
Dangke samples were free from aĘ atoxin AFM1, 
which might be due to the method of cheese pro-
cessing that uses the natural plant enzyme papain 
extracted from the papaya tree as a coagulant.  is 
ĕ nding disagrees with many researchers reporting 
the presence of AFM1 in diff erent kinds of cheese 
ĕ elds [23, 24]. 

Regarding HACCP, these results identiĕ ed 
many critical points and risks inside the farm that 
aff ect the quality of milk and, subsequently, the 
health of both animals and humans. Cows’ udder 
contained high Aspergillus spp. followed by cage 
Ę oor, milker hands, milk cans, and cheese worker 
hands. All of these are critical control points, and 
it is possible to control them to minimize the mag-
nitude of biological and chemical hazard risks in 
the food supply chain and ensure food safety by 
implementing good management practices in dairy 
farms.  e point is that milk quality starts from 
milking until the ĕ nal product. Many studies have 
been conducted on implementing the HACCP pro-
gram in dairy companies and dairy products [25]. 

In conclusion, the results of the present study 
indicated the high contamination of the farm en-
vironment by mycotoxigenic fungi, especially in 
cow’s udder, cage Ę oor, water, milker hands, milk 
cans, and cheese worker hands, especially Aspergil-
lus spp. Considerable levels of contamination by af-
latoxins AFB1 and AFM1 in animal feeds and milk 
were recorded. We found that concentrated feed 
type was signiĕ cantly associated with high aĘ atox-
in contamination levels. All positive feed and milk 
samples are subject to Indonesian legislation. It is 
essential to focus on implementing good practices 
for feed production from the ĕ eld during cultiva-
tion, harvest, transport, processing, storage, and 
feeding procedures. 

 e farmers should be trained and educated 
about the health risks of aĘ atoxin for their ani-
mals and humans, and how to control and manage 
by implanting the HACCP program, in addition 
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Study area
 e study areas were intentionally chosen to serve the research 

aims.  e site was located about 1300 m above sea level, with a 
day-to-day typical temperature of approximately 27°C-34°C.  e 
climate of this area is a tropical rainstorm described by the rainy 
season from November to June and the dry season from July to 
November. Dairy cows are mostly kept in a zero-grazing system 
called ‘stall feeding,’ and are supplemented with concentrated 
feeds.  e expected milk production in this area was estimated to 
be around 10-15 liter/head/day.

Sampling
 irty-nine raw milk samples and six local cheese samples 

were collected from smallholder farms from August to September 
2023. Simultaneously, diff erent types of concentrated and rough-
age feeds were collected, from which the roughage (N = 12), com-
mercial concentrate (N = 2), soya bean (N = 4), palm oil meal (N 
= 1), and rice bran (N = 9). 

At the same time, a total of 122 swabs from water, cage Ę oor, 
milker hands, cow udders, milk cans, cheese maker hands, co-
conut mold, and banana leaf samples were collected (Figure 1). 
 e samples were kept in a cool ice box at 4°C, transported to the 
laboratory, and stored until analysis. A structured questionnaire 
was used to assess farmers' knowledge, their practices of animal 
feeds, and farmers' experience with aĘ atoxin and fungi in feed, in 
addition to animal feed handling and storage.  e samples were 
taken from all farms around the research area, and the results 
were represented and generalized to all communities there.

Fungal analysis
Equipment and selected media were correctly autoclaved 

before use. Culturing and isolation of the swabs were completed 
in sanitized conditions, and laboratory windows and doors were 
kept shut. Two plates of PDA were utilized for each swab sam-
ple; subsequently, the media was placed in 9 cm plates and le  
to solidify at room temperature. Each swab sample was spread 
on the surface of the plates in duplicate, and each plate was con-
tinuously labeled with the code name of the farm from which the 
swab was taken and the swab name. A er the culture process, the 
dishes were incubated at 30⁰C for 1-4 days, and until the third day, 
changes were noted and recorded each day. 

Controls were prepared using two sterile PDA dishes, which 
were used to test the general conditions and environment of the 
laboratory. Aspergillus species were identiĕ ed based on their colo-
nial morphology and colony color a er incubation. As described, 
the microscopic characteristics of isolates were examined using 
the lactophenol cotton blue staining [25]. One drop of the dye was 
placed on a prepared slide, and a small piece of the culture was 
taken and set in the decline of the dye using a mounting needle. 
 e same needle was used to spread the culture. A cover slip was 
then delicately and gently put on the spread culture with delicate 

Materials and Methods

to adopting hygiene practices and cleaning milker 
hands, farm Ę oor, and cow udder and sanitation be-
fore and a er milking to reduce contamination levels 
and produce clean milk.  erefore, further research 
and investigations are needed on aĘ atoxigenic fun-
gi in dairy farms and their feed and produced milk 
to provide a more comprehensive approach to one 
health program strategy.

pressure to remove air bubbles. A erward, the slide was mounted 
and observed under the ×40 objective lens. Identifying Aspergillus 
spp. depends on septate hyphae and rough and colorless conidio-
phores that end in vesicles with the whole surface covered with 
either uni- or biseriate sterigmata.

Isolation of aĘ atoxins B1 and M1 from animal feed, milk, and 
cheese

 e samples were analyzed for AFB1 and AFM1 in animal 
feeds, milk, and cheese using a speciĕ c ELISA kit (Romer Labs, 
AgraQuant total AĘ atoxin, Austria). Five mL from each raw milk 
sample was incubated for 30 min at 4°C and centrifuged at 3000 g 
for 10 min. Next, the serum of milk under the fat layer was taken 
and then immediately assayed for AFM1 using a speciĕ c ELISA 
kit. A volume of 5 g of ground samples of cheese and feeds (rough-
age and concentrated) was taken separately in a clean pitcher, and 
25 ml of 70% methanol extraction solution (extraction ratio of 1:5 
of sample to extraction) was added. Raw milk samples were pre-
pared as described above.

Analysis of aĘ atoxins B1 and M1 in samples by 
competitive ELISA

All samples were analyzed for AFB1 and AFM1 in animal 
feeds, milk, and cheese using a speciĕ c ELISA kit (Romer Labs, 
AgraQuant total AĘ atoxin, Austria).  e maximum and min-
imum amounts were 4 and 40 ppb, respectively, for AFM1 and 
AFB1 with high speciĕ city and sensitivity.  e kit materials were 
stored at 2°C-8°C. Before starting the test, the materials were incu-
bated for 1 h at room temperature.  e kit test materials were used 
according to the manufacturer’s instructions: About 200 µL of the 
conjugate solution was pipetted and moved into the dilution wells 
(supplied with the kit). Next, the samples (100 µL) were pipetted 
into all dilution wells (100 µL/well/sample). Standard samples 
were pipetted in duplicate (100 µL/well/standard).  e solution 
was mixed well, 100 µL was moved from the dilution wells into an-
tibody-coated wells, and the plate containing the samples was in-
cubated at room temperature for 15 min.  e unbound conjugate 
was washed using a washing solution ĕ ve times (supplied with the 
kit). A er the washing step, the washed wells were gently dried. 

 e aĘ atoxin substrate solution was added to the anti-
body-coated wells, and the plate was incubated again at room 
temperature for 5 min.  e reaction was allowed to proceed in the 
dark, at the end of which a blue color developed.  e reaction was 
stopped by adding 100 µL stop solution to the antibody-coated 
wells, and the color changed from blue to yellow.  e absorbance 
was measured at 450 nm with a diff erential ĕ lter at 630 nm using 
an ELISA plate reader, and the absorption intensity was found to 
be inversely proportional to the aĘ atoxin concentration in sam-
ples.  e aĘ atoxin so  worksheet program supplied with the kit 
was used to calculate the AFB1 and M1 concentrations in the sam-
ples.

Statistical analysis
Data were expressed as mean ± standard deviation by de-

scriptive statistics, and the feed samples were calculated as a per-
centage using the SPSS so ware (version 26). In addition, logistic 
regression analysis was conducted, and an odd ratio with 95% 
conĕ dence intervals was used to test the relationship between 
predictors and expected or outcome variables. Diff erences were 
considered statistically signiĕ cant at p < 0.05.
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Apple cider vinegar is a fermented compound that contains acetic acid, Ę avonoids, phenolic compounds, 
organic acids, minerals, and vitamins. Vitamin A is involved in the development of the immune system 
and plays regulatory roles in cellular immune responses and humoral immune processes.  e aim of this 
study was to investigate the eff ect of apple cider vinegar and vitamin A on hematological parameters and 
immunoglobulin G levels in Gezel lambs. 10 healthy Gazel lambs were used for the study.  e lambs were 
randomly grouped into three groups (control (n = 3), Apple cider vinegar (n = 4), and Vitamin A (n = 3) 
group). Vitamin A was administrated at a dose of 44,000 IU/kg every ten days for four treatments. ACV was 
administered orally by drenching (0.5 ml/kg of 6% ACV solution (600 mg ACV), every day, for 40 days). 
Hematological parameters were determined using standard methods. Total immunoglobulin G concentra-
tion was assayed using the turbidimetric immunoassay method.  e data obtained before and a er drug 
administration were analyzed by paired T-test and the data of diff erent groups were analyzed using Inde-
pendent-sample T-test.White blood cells, lymphocytes, and IgG in lambs were signiĕ cantly increased a er 
administration of Apple cider vinegar (p < 0.05). IgG and lymphocytes were signiĕ cantly higher in lambs 
under oral administration of Apple cider vinegar compared to the lambs in the control group (p  < 0.05). 
White blood cells, neutrophils, and IgG were signiĕ cantly increased in lambs a er vitamin A administration 
(p < 0.05). Neutrophils and IgG were signiĕ cantly higher in lambs under vitamin A injection compared to 
the lambs in the control group (p < 0.05). Administration of vitamin A and apple cider vinegar in sheep is 
safe.  ey also improve the immune system.
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Introduction  

Apple cider vinegar (ACV) is a fermented 
compound that contains acetic acid, Ę avo-

noids, phenolic compounds, organic acids, minerals, 
and vitamins [1, 2]. ACV is produced through a two-
stage fermentation process. First, the sugar is convert-
ed into alcohol by yeasts, then the alcohol is converted 
into acetic acid by acetic acid bacteria[3].

Animal experiments have reported that ACV has 
a variety of pharmacological activities, including anti-
oxidant, anti-inĘ ammatory, anti-diabetic, antifungal, 
antimicrobial, anti-hypertensive, and anti-hyperlipid-
emic actions [4-8]. A study showed that using ACV 
in a ĕ sh diet improves immunological parameters 
and gene expression related to immunity, antioxidant 
system, and growth performance[9]. Also, a study 
showed that using ACV in a ĕ sh diet increases total 
immunoglobulin and lysozyme activity[10]. In addi-
tion, a study has reported that dietary supplementa-
tion with ACV has beneĕ cial eff ects on performance 
and immune response in broiler chickens[11]. It has 
been shown that ACV has an anthelmintic impact 
against gastrointestinal parasites in sheep[12], and 
increases the activity of antioxidant enzymes such as 
superoxide dismutase, catalase, and glutathione per-
oxidase[13].

Vitamin A is known as an anti-inĘ ammation vita-
min because of its critical role in enhancing immune 
function[14]. Vitamin A is involved in the develop-
ment of the immune system and plays regulatory roles 
in cellular immune responses and humoral immune 
processes[14].

 us, the aim of this study was to assess the eff ect 
of ACV and vitamin A on hematological parameters 
and immunoglobulin G in Gezel lambs.

Result
By administering ACV and Vitamin A at the 

mentioned doses, no disorders and lesions have oc-
curred in the lambs.  

ACV
RBC, PCV, Hb, ĕ brinogen, TP, neutrophils, band 

neutrophils, eosinophils, and monocytes in lambs be-
fore and a er administration of ACV were not statis-
tically diff erent. 

WBC, lymphocytes, and IgG in lambs were sig-
niĕ cantly higher a er administration of ACV  com-
pared to the control group (p < 0.05).

RBC, PCV, Hb, ĕ brinogen, TP, WBC, neutro-
phils, band neutrophils, eosinophils, and monocytes 
were not statistically diff erent between lambs under 

oral administration of ACV and lambs in the control 
group.  

IgG and lymphocytes were signiĕ cantly higher 
in lambs under oral administration of ACV than in 
lambs in the control group (P<0.05). 

 e results of the study are summarized in Tables 
1 and 2.

Vitamin A
RBC, PCV, Hb, ĕ brinogen, TP, band neutrophils, 

lymphocytes, eosinophils, and monocytes in lambs 
before and a er administration of vitamin A were not 
statistically diff erent. 

WBC, neutrophils, and IgG were signiĕ cantly 
higher in lambs a er vitamin A administration com-
pared to the control group (p < 0.05).

RBC, PCV, Hb, ĕ brinogen, TP, WBC, band neu-
trophils, lymphocytes, eosinophils, and monocytes 
were not statistically diff erent between lambs under 
vitamin A injection and lambs in the control group. 

Neutrophils and IgG levels were signiĕ cantly 
higher in lambs under vitamin A injection than in the 
control group (p < 0.05). 

 e results of the study are summarized in Tables 
1 and 2.

A study on the eff ects of ACV on haemato-bio-
chemical parameters in rate showed that there are 
no signiĕ cant variations between the groups in 
post-treatment values of PCV, Hb, RBC, and absolute 
eosinophil counts [15]. In our study, these mentioned 
parameters were not diff erent before and a er admin-
istration of ACV and also they were not diff erent be-
tween the test article groups and the control group. 
Also, another study found no diff erence in RBC be-
tween control and case groups a er adding a combi-
nation of onion, garlic, and ACV to broiler chicken 
diets[16]. A study showed that there is no signiĕ cant 
impact of ACV supplementation on broiler serum 
total protein levels[17].  is ĕ nding is similar to our 
ĕ nding. Also, a study showed that ACV has no eff ect 
on RBC, Hb, and PCV in humans [18].  e same re-
sults are presented in our study. 

A study on the eff ects of an herbal mixture (on-
ion, garlic, and ACV) on hematological parameters 
of broiler chickens showed that the herbal mixture 
resulted in signiĕ cant increases in PCV and Hb val-
ues[16].  is ĕ nding is contrary to our results, and 
probably the results obtained in the mentioned study 
were not caused by the eff ect of ACV, or maybe the 
diff erence between the results of our study and that 
study is due to diff erences between species. 

Discussion
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Table 1.
Hematological parameters and IgG in lambs before and a er administration of vitamin A and ACV 

P value
A day a er studyA day before study

Parameter
Mean ±SEMaxMinMean ±SEMaxMin

Case group under vitamin A injection

0.4641142 ± 9.06115511251105 ± 47.6911901025RBC (104/μl)

0.63533.34 ± 0.33343332.67  ± 1.453530PCV (%)

0.33611.44 ± 0.29121110.88 ± 0.4811.6610Hb (g/dl)

0.1346.67 ± 0.217.16.46.42 ± 0.136.666.2TP (g/dl)

0.225266.7 ± 88.2400100166.7 ± 33.34200100Fibrinogen (mg/dl)

0.006*10917.7 ± 1679.31415085117248.4 ± 1710103494446WBC/μl

0.041*4898.7 ± 255.3538245142421.4 ± 774.938951269Neutrophil /μl

0.055143.7 ± 31.720711266.7 ± 20.210030Band neutrophil/μl

0.2595113 ± 1139.2732035194439.4 ± 827.8958422976Lymphocyte/μl

0.105449.4 ± 142.8724244200.4  ± 54.96307124Eosinophil /μl

0.107313 ±114.2517122120.7 ±45.920547Monocyte/μl

0.020*1.36 ± 0.0181.401.341.24 ± 0.0311.301.19IgG (g/l)

Case group under oral administration of ACV

0.8041143 ± 74.9513429821128 ± 76.031260952RBC (104/μl)

0.10235.5 ± 2.39402932.7 ± 1.893728PCV (%)

0.4708.5 ± 2.413.339.610.9 ± 0.6112.339.33Hb (g/dl)

0.3406.52 ± 0.297.46.16.25 ± 0.186.55.7TP (g/dl)

0.133100 ± 0100100187.5 ± 42.6300100Fibrinogen (mg/dl)

0.01*8811.5 ± 1459.21247054585242 ± 1187.587023330WBC/μl

0.1053005 ± 813.148109101732.2 ± 356.627901239Neutrophil /μl

0.09180 ± 8.161006067.7 ± 4.28062Band neutrophil/μl

0.007*5337.5 ± 571.3690042503217.2 ± 780.154601909Lymphocyte/μl

0.053232.5 ± 58.36400130121.5 ± 22.918680Eosinophil/μl

0.063156.5 ± 35.8260108104 ± 30.818640Monocyte/μl

0.001*1.73 ± 0.0741.901.551.08 ± 0.0591.251IgG (g/l)

Control group

0.0961220 ± 27.09127411871118.4 ± 49.711841021RBC (104/μl)

0.20836 ± 1383533.4± 1.73530PCV (%)
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0.10712.1 ± 0.29312.6611.6611 ± 0.5411.6610Hb (g/dl)

0.0816.97 ± 0.167.36.86.3 ± 0.256.65.8TP (g/dl)

0.181266.7 ± 66.7300200200 ± 50300150
Fibrinogen (mg/

dl)

0.9096561.4 ± 565.8740054846722.7 ± 1772.9699603851WBC /μl

0.8722765.7 ± 143.2304025572677.4 ± 626.338401692Neutrophil /μl 

0.72453.4 ± 8.8704051.4 ± 4.36047
Band neutrophil 

/μl

0.6753283.4 ± 394.05375025003623 ± 1026.954601909Lymphocyte/μl

.278274 ± 33.4340232217 ± 71.5360141Eosinophil/μl

0.507185 ± 15200155154 ± 51.424062Monocyte /μl

0.2251.24 ± 0.0261.291.201.2 ± 0.0231.251.18IgG (g/l)

 *p < 0.05, RBC: red blood cell, PCV: packed cell volume, Hb: hemoglobin, TP: total protein, WBC: white blood cell, 
IgG: immunoglobulin G, min: minimum, max: maximum, SE: standard error.

Table 1 cont.

In our study, the signiĕ cant increase in WBC 
count a er the administration of ACV was mainly 
due to the substantial increase in lymphocyte count. 
However, the signiĕ cant increase in the lymphocyte 
count in the ACV-administered group compared to 
the control group did not lead to an increase in WBC 
count in the ACV-administered group compared to 
the control group. A study showed that the addition of 
an herbal mixture (onion, garlic, and ACV) to the diet 
of broiler chickens increased lymphocyte counts [16]. 
 e improvement of the immune system due to the 
administration of ACV has been mentioned in several 
studies.[9, 10, 19, 20]. Since lymphocytes play a role 
in humoral immunity, perhaps the improvement of 
the immune system caused by ACV is responsible for 
the increase in lymphocytes. However, this requires 
further study. 

In our study, it was shown that immunoglobu-
lin G increased a er the administration of vitamin 
A and ACV. It also increased in the ACV and vita-
min A-administered group compared to the control 
group.  ese ĕ ndings show that vitamin A and ACV 
(as mentioned above) are useful in improving the im-
mune system in lambs. An increase in total immuno-
globulin has been reported in ĕ sh a er administra-
tion of ACV [10, 20, 21]. In a study, it was shown that 
administration of vitamin A leads to an 

Materials and Methods
 Selection of lambs, grouping and sampling 

To perform this study, ten healthy male Gazel lambs were se-
lected.  eir health was conĕ rmed by veterinary examinations. 
 e age (6 months) and weight (20 kg) of the selected lambs were 
similar. Before starting the study, the selected lambs underwent 
a week of adaptation to the new environment. During the study, 
lambs were fed alfalfa and hay ad libidum and were observed for 
any clinical signs of disease throughout the study.

 e lambs were randomly grouped into three groups:
1- Control group: 3 lambs were assigned to this group, and no 

medication was administered to them.
2- Case group under vitamin A injection: 3 lambs were as-

signed to this group and vitamin A was administered to them 
(44,000 IU/kg Retinavit®, intramuscularly (IM), every ten days, 4 
treatments).

3- Case group under oral administration of ACV: 4 lambs 
were assigned to this group, and ACV was administered orally by 
drenching (0.5 ml/kg of 6% ACV solution (600 mg ACV), every 
day, for 40 days). 

Blood samples were taken from the jugular vein of all lambs 
before and a er the study.

Laboratory measurement
Red blood cell (RBC) count, packed cell volume (PCV), he-

moglobin (Hb), ĕ brinogen, total protein (TP), white blood cell 
(WBC) count, and absolute count of neutrophils, band neutro-
phils, lymphocytes, eosinophils, and monocytes were determined 
by routine hematology tests.

Total immunoglobulin G (IgG) concentration was assayed by 
turbidimetric immunoassay method as previously described [25, 
26].  
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Cross Immunity of a Sonicated Trivalent Avian Coli-
bacillosis Vaccine to Pathogenic Escherichia coli O26 
and O78 Strains in Broiler Chickens
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Colibacillosis outbreaks are a global issue aff ecting the poultry industry.  ere is no cross-immunity among 
the strains of APEC. If a vaccine induces cross-immunity, it will play a key role in preventing colibacillosis. 
Herein, a sonicated trivalent colibacillosis vaccine containing O78:K80, O2:K1, and O1:K1 serotypes, with 
Alum as an adjuvant, was used to assess cross-immunity against E. coli O26. Ninety-six broiler chickens 
were randomly assigned to four groups: Group A was vaccinated and exposed to O78; Group B was un-
vaccinated but exposed to O78; Group C was vaccinated and exposed to O26; Group D was unvaccinated 
but exposed to O26. At 14 days old, chickens in groups A and C received a single dose of the vaccine, while 
groups B and D received normal saline subcutaneously. At 35 days old, all groups were challenged with O78 
and O26 as described above. Clinical signs and lesions, isolation of the bacterium, weight gain, food intake, 
FCR, and antibody titers against the O antigens of the vaccine strains and O26 were recorded.  e results in-
dicated that 2 weeks post-vaccination, titers to the O antigens of the vaccine strains were signiĕ cantly higher 
in the vaccinated groups than in the unvaccinated groups (p ≤ 0.05). Following the challenge, no signiĕ cant 
diff erence was observed in food intake and FCR between the groups (p > 0.05); however, the growth rate in 
group A was signiĕ cantly higher than in group B (p ≤ 0.05). At 42-49 days old, the vaccinated groups had 
the highest growth rate, which was statistically signiĕ cant compared to the unvaccinated groups; and FCR 
in group A was signiĕ cantly better than in group B (p ≤ 0.05). In conclusion, it appears that in addition to 
homologous immunity, the vaccine also induces cross-immunity against O26.
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Evaluation the cross immunity of a sonicated trivalent avian 
colibacillosis vaccine to APEC O26 and O78 broilers

Introduction  

Colibacillosis, especially colisepticemia as the 
acute form, is one of the most common bac-

terial diseases in the poultry industry with economic 
losses worldwide [1-3]. Colibacillosis which is caused 
by APEC, o en occurs simultaneously with other dis-
eases and due to predisposing factors, such as avian 
vaccination, particularly infectious bronchitis vac-
cines, and stress [2, 4]. Several methods have been 
applied to prevent and control colibacillosis, such as 
better management of the litter, improving drinking 
water, and better ventilation in farms, and also using 
antibiotics, bacteriophages, and nutrient synergy [1, 
2, 5]. Despite these eff orts, incidences and economic 
losses due to colibacillosis continue in poultry houses 
all over the world. Several studies indicated that coli-
bacillosis can be prevented in poultry by vaccination 
and diff erent vaccines, including inactivated, live, re-
combinant, mutant, and molecular vaccines, which 
have been prepared and tested experimentally [1, 6, 
7].  e great diversity among APEC serogroups and 
the diff erent mechanisms and stages of infection by 
the serogroups [1] are the main reasons vaccines have 
not been able to induce cross-immunity. Melamed et 
al. reported that by using the ultrasonic inactivation 
method for preparing an inactivated vaccine against 
APEC infection a certain degree of heterologous pro-
tection is possible because of the expression of some 
of the important internal immunogenic determinants 
[7]. 

Although APEC has diverse serogroups, the ones 
isolated from diseased birds in most countries are 
O78, O2, and O1 [1, 2, 7]. Moreover, we know that 
antigen particulates can increase the activation of an-
tigen-presenting cells [8]. Alum [9], if used as an ad-
juvant, may enhance the effi  cacy of a vaccine because 
of its particulate form. It may also enable the use of 
a potential inactivated colibacillosis vaccine in broiler 
chickens due to its safety [8]. E. coli O26 strain is one 
of the APECs that has been isolated from chickens in 
Iran and other countries [10-12]. 

 In the present study, we used a sonicated triva-
lent avian colibacillosis vaccine, including the O2:K1, 
O78:K80, and O1:K1 serotypes of APEC to evaluate 
the cross-immunity of this vaccine against O26 strain 
in broiler chickens.    

Result
Clinical signs, gross lesions, mortality rate, and 
isolation of E. coli 

Subsequent to the challenge, both the vaccinated 
and unvaccinated cohorts displayed a period of leth-
argy and listlessness, spanning approximately one day. 

Notably, avian subjects within the unvaccinated clus-
ters, especially group B which was challenged with the 
O78 strain, exhibited more pronounced clinical signs. 
Dullness, lethargy, lack of movement, decreased ap-
petite, hanging of stool on the anus, diarrheal stool, 
green stool in the bedding, and decreased reaction to 
movements were observed.  

A chicken, that died in the unvaccinated group 8 
days a er challenge with the O78 strain and also three 
other euthanized chickens from diff erent groups had 
gross lesions, including septicemia, pericarditis, peri-
hepatitis, peritonitis, breast blister, emaciation, and 
airsacculitis (Table 1). E. coli bacteria were isolated 
from the liver and heart blood of two dead chickens 
that belonged to the unvaccinated group challenged 
with the O78 strain.  

Growth rate 
 e analysis indicated no signiĕ cant diff erence 

in weight gain between the examined groups during 
the periods of 14, 14-21, 21-28, and 28-35 days. How-
ever, a signiĕ cant diff erence was observed among the 
groups in the age period of 35-42 days.  e vaccinat-
ed group challenged with O78 exhibited the highest 
weight gain, while the unvaccinated group challenged 
with O78 demonstrated the lowest weight gain (p ≤ 
0.05). Furthermore, in the age period of 42-49 days, 
there was a signiĕ cant diff erence between vaccinated 
and unvaccinated groups challenged with O26 and 
also between vaccinated and unvaccinated groups 
challenged with O78 (p ≤ 0.05) (Table 2). 

Feed consumption 
Before the challenge, across some age periods, 

various groups exhibited equivalent consumption 
patterns, and from a statistical standpoint, no note-
worthy distinctions were identiĕ ed between the ana-
lyzed cohorts. A er the challenge, at 35-42 days old, 
food consumption in group B decreased, but there 
was no signiĕ cant diff erence with other groups (p > 
0.05) (Table 3). 

Feed conversion ratio 
During the age intervals of 14-21, 21-28, 28-35, 

and 35-42 days, no statistically signiĕ cant diff erences 
were observed between the examined cohorts. How-
ever, a notable disparity in FCR emerged during the 
42-49-day period.  e unvaccinated group challenged 
with O78 exhibited the highest FCR, whereas the vac-
cinated group exposed to O26 demonstrated the most 
favorable FCR outcome (Table 4). 

Microagglutination test to O antigen 
Before vaccination, antibodies to the O antigens 
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Isolation of 

E.coli 
Autopsy symptoms groupNo

- Perihepatitis Carcass belonged to the vaccinated group challenged with O78 1

+ Breast blister, emaciation, pericarditis, 
perihepatitis Carcass belonged to the unvaccinated group challenged with O78 2

- Breast blister, pericarditis Carcass belonged to the vaccinated group challenged with O263

+ Septicemia, pericarditis, airsacculitis Deceased carcass belonged to the unvaccinated group challenged with 
O784

 - Isolation of E. coli was negative 
+ Isolation of E. coli was positive 

Table. 1
Post-mortem lesions and bacteria titers in the vaccinated broiler chicks challenged with O26 and O78  

Age (day-old)
groups1

42-4935-4228-3521-2814-2114

515.70 ± 41.44bc431.12 ± 41.00b498.16 ± 21.45436.71 ± 13.30328.41 ± 9.82288.25 ± 4.77A

398.25 ± 46.65a284.25 ± 23.06a505.66 ± 24.00440.00 ± 14.20344.25 ± 10.62307.21 ± 7.52B

586.60 ± 33.30c389.00 ± 20.49ab531.54 ± 13.08426.16 ± 14.00309.10 ± 9.48286.37 ± 8.76C
464.41 ± 34.31ab382.37± 15.32a507.08 ± 10.60448.21 ± 11.00328.54 ± 9.07289.54 ± 6.12D

0.0080.0020.600.700.090.13P-value
 1  e chickens of groups A and C received vaccine, while the chickens of groups B and D received sterile normal saline. Groups A and B were chal-
lenged with the O78:K80 strain, and groups C and D with the O26 strain.
* e data shown with diff erent letters are signiĕ cantly diff erent.  

Table. 2
Mean growth rate (g) of the chickens of diff erent ages vaccinated and unvaccinated and challenged with O26 and O78     

Age (day-old)
groups1

42-4935-4228-3521-2814-21

1225.00 ± 0.00887.50 ± 0.00937.50 ± 0.00758.33 ± 4.16502.53 ± 2.00A

1314.26 ± 57.13800.00 ± 25.00937.50 ± 0.00760.43 ± 2.06502.60 ± 1.80B

1257.13 ± 57.13862.50 ± 19.09937.50 ± 0.00762.53 ± 3.60500.03 ± 9.53C

1257.13 ± 57.13865.83 ± 28.33937.50 ± 0.00760.43 ± 2.06509.60 ± 1.80D

0.650.0810.820.46P-value
1A and C are the vaccinated groups challenged 16 and 26 days post-vaccination, respectively. B and D are the unvaccinated groups challenged 16 
and 26 days post-vaccination, respectively. 
* e data shown with the same letter are not signiĕ cantly diff erent.  

Table 3.
Mean Feed consumption ± standard error of the chickens of diff erent ages vaccinated and unvaccinated and challenged with O26 and 
O78
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Age (day-old)
groups1

42-4935-4228-3521-2814-21

2.64 ± 0.11ab2.06 ± 0.091.86 ± 0.111.70 ± 0.021.54 ± 0.08A

3.33 ± 0.31c2.87 ± 0.321.90 ± 0.061.73 ± 0.031.48 ± 0.02B

2.15 ± 0.13a2.25 ± 0.181.76 ± 0.031.80 ± 0.071.61 ± 0.02C

2.73 ± 0.20ab2.27 ± 0.021.86 ± 0.111.70 ± 0.011.56 ± 0.08D

0.020.150.110.380.50P-value
1  e chickens of groups A and C received vaccine, while the chickens of groups B and D received sterile normal saline. Groups A and B were 
challenged with the O78:K80 strain, and groups C and D with the O26 strain.
* e data shown with the same letter are not signiĕ cantly diff erent.  

Table. 4
Mean FCR ± standard error of the broiler chickens of diff erent ages vaccinated and unvaccinated and 
challenged with O78 and O26

of the vaccine strains were negative. Statistical 
analysis revealed signiĕ cant diff erences between 
the examined groups on days 28 and 42 (p ≤ 0.05). 
On 28 days, the vaccinated group challenged with 
O78 exhibited the highest titer, while the unvac-
cinated group challenged with O78 demonstrated 

the lowest titer. Similarly, at the age of 42 days, the vacci-
nated group treated with O26 displayed the highest micro-
agglutination rate, whereas the unvaccinated group treated 
with O26 exhibited the lowest microagglutination rate (Ta-
ble 5).  

Age (day-old)
groups1

422821

8.2 ± 0.36b4.25 ± 0.27b0.85 ± 0.21A

7.78 ± 0.82b2.41 ± 0.25a0.65 ± 0.15B

9.59 ± 0.33c3.5 ± 029b0.45 ± 0.15C

5.5 ± 0.89a2.5 ± 0.25a0.54 ± 0.15D

0.0000.0000.43P-value
1  e chickens of groups A and C received vaccine, and the chickens of 

groups B and D received sterile normal saline. Groups A and B were 

challenged with the O78:K80 strain, and groups C and D with the O26 

strain.

* e data shown with the same letter are not signiĕ cantly diff erent.
* e data shown with the same letter are not signiĕ cantly diff erent.  

Table. 5
Geometric mean antibody titers to the O antigen of the O2, 
O78, O1, and O26 strains of APEC in the vaccinated broiler 
chickens 

Discussion
 ere is a need for an ideal APEC vaccine that 

can provide cross-protection against multiple APEC 
serotypes [13].  e results of the present study indi-

cated that the alum adjuvanted-sonicated trivalent 
avian colibacillosis vaccine can induce homologous 
and heterologous immunity 21 days post-vaccination 
in a single dose. A er the challenge, the incidence of 
the clinical signs and gross lesions decreased in the 
vaccinated challenged groups.   

Common gross lesions of colibacillosis in broiler 
chickens are pericarditis, perihepatitis, and airsaccu-
litis [1]. According to a study in Egypt (2021), chick-
ens infected with E. coli strains O78 and O26 exhib-
ited pronounced clinical manifestations compared 
to those infected with other strains. Consequently, 
these two strains are noteworthy for their potential 
to induce colibacillosis in poultry [14]. In this study, 
following challenges, in contrast to the challenged 
vaccinated group, the dead chickens of the unvacci-
nated group challenged with O78 typically developed 
pericarditis, perihepatitis, and airsacculitis, with E. 
coli bacteria isolated from the carcasses. Colibacillo-
sis is characterized by variable polyserositis, but none 
of them are pathognomonic signs, and isolation of 
APEC is needed for diagnosis [2, 3, 15].  e challenge 
of chickens with O26 in both unvaccinated and vac-
cinated groups, despite the incidence of clinical signs, 
did not lead to mortality, which may be due to the low 
pathogenicity of the O26 strain. APEC has numerous 
strains with widespread pathogenic bacteria in poul-
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E. coli strains 
Two strains of APEC, including O78:K80 and O26, were used 

in this study.  ese strains had been isolated from aff ected broiler 
chickens in Iran and their pathogenicity had been conĕ rmed by 
experimental studies (Microbiology Laboratory, Faculty of Veter-
inary Medicine, University of Tehran).  

Sonicated trivalent avian colibacillosis vaccine 
 e vaccine contains three inactivated serotypes of E. coli, in-

cluding O78:K80, O2:K1, and O1:K1, and alum as an adjuvant.   

Experimental design   
A total of 96 broiler chickens (Ross 308®) were randomly as-

signed to four groups of 24 chicks each (female and male chicks 
were equal in each group). Each group had three subgroups of 
eight chicks per cage. Groups A and C were vaccinated, while 
groups B and D were not vaccinated (received normal saline 
instead of the vaccine). All the four groups were challenged 21 
days post-vaccination. Groups A and B were challenged with the 
O78:K80 strain, while groups C and D were challenged with the 
O26 strain. 

 On day 14 of life, just before vaccination, and 7, 14, 21, 27, 
and 36 days a er vaccination, the growth rate of chickens in the 
diff erent groups was recorded.  e mortality rate, feed consump-
tion, and FCR were also assessed. A er vaccination and challenge, 
the clinical signs and gross lesions of euthanized, moribund birds 
and dead chickens were recorded and also, using colony morphol-
ogy and biochemical features attempts were made to isolate E. coli 
bacteria from the heart blood of fresh dead chickens [23].  Please 
replace the highlighted phrase with " using colony morphology 
and biochemical features.

Vaccination  
Chickens in groups A and C received sonicated trivalent 

avian colibacillosis vaccine in the dorsal cervical region via the 
subcutaneous route on day 14 (0.5 ml/chick). Groups B and D 
received sterile normal saline at the same site and via the same 
route (0.5 ml/chick) (Table 6).  

 Challenge  
Chickens of groups A and B were subcutaneously [10, 24] 

challenged 21 days post-vaccination with 0.5 ml of a suspen-
sion containing 1.5×109 CFU/ml of O78:K80, while chickens of 
groups C and D were challenged with 0.5 ml of a suspension con-
taining 1.5×109 CFU/ml of O26 (Table 6).  

Materials and Methods

try [16]. 
 e weight loss of aff ected chickens is one of the 

reasons for the economic importance of colibacillo-
sis. Colibacillosis causes the aff ected chickens to lose 
about 84 g/bird of average body weight [3].  e pres-
ent study showed that the weekly mean body weight 
gain of challenged unvaccinated chickens in both 
groups which were challenged with O78 and O26 
signiĕ cantly decreased in comparison with the chal-
lenged vaccinated groups (p ≤ 0.05). Colibacillosis 
reduces feed intake in aff ected chickens [17]. In this 
study food consumption insigniĕ cantly dropped im-
mediately a er a challenge on 35-42 days old.  How-
ever, the chickens in all groups were compensated 
throughout the study. 

Avian colibacillosis usually increases FCR [18]. 
 e results of FCR at 42-49 days old indicated that 
the increase in food consumption in the vaccinated 
groups, especially in the vaccinated group challenged 
with O78, signiĕ cantly raised the body weight of the 
chickens.  e signiĕ cant diff erence in FCR between 
the vaccinated group challenged with O78 and the 
unvaccinated group challenged with O78 means that 
although food intake increased one week a er the 
challenge, it failed to improve the body weight of 
chickens in the unvaccinated challenged groups, es-
pecially in the unvaccinated group challenged with 
O78.  e results related to FCR are in line with the 
ĕ ndings of Amen et al. (2023) [19].

Regarding the two groups challenged with the 
O26 strain, although the FCR diff erence at the age 
of 42-49 days was not signiĕ cant between the two 
groups, the FCR of the vaccinated group was better 
than the unvaccinated group and compared to all 
groups, this group had the highest growth rate at 42-
49 days old. It seems that the pathogenicity of E. coli 
strains aff ects the FCR. As described above, APEC 
has numerous strains with widespread pathogenic 
bacteria in poultry [16].

 e results of the microagglutination test showed 
that the O antigens of the three strains of the vac-
cine-induced immune responses in the vaccinated 
chickens 14 days post-vaccination.   e O antigens in 
E. coli bacteria are among the highly immunogenic 
antigens [20].  e results also conĕ rmed the chal-
lenge because antibody titers against O78 and O26 
antigens rose in the challenged chickens. 

Future vaccine development requires a multi-di-
mensional approach, focusing on identifying con-
served antigens that confer broad protection across 
diff erent APEC serotypes or incorporating such an-
tigens. Multivalent vaccines targeting multiple sero-
groups or incorporating diverse antigens may off er 
enhanced effi  cacy and broader coverage [21].

Conclusion 
 e results demonstrated that it is possible to 

produce heterologous immunity with the alum-adju-
vanted sonicated trivalent avian colibacillosis vaccine. 
 ese results support the data reported by Melamed et 
al. (1991) that demonstrated that chickens vaccinated 
with the sonicated O2:K1 strain were protected from 
challenges with the heterologous O78:K80 strain. 
Sonication increases the presentation of internal and 
common antigens to the immune system [22].  
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 Microagglutination test to O antigen 
Blood samples were taken randomly from the chickens on 

days 14, 21, 28, and 42 for serology study. A volume of 50 μL of 
normal saline was placed in each well of a rounded-bottom micro-
titer plate. In the ĕ rst well, 50 μL of serum sample was added and 
the mixture was serially diluted. Next, 50 μL of E. coli O antigens, 
including O2, O78, and O1 antigens or O26 antigens, was add-
ed to all nine wells. A er overnight incubation at 4ºC, the results 
were recorded. 

Statistical analysis 
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Peritonitis and Drug Repurposing Using Systems Biol-
ogy Approach 
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FIP is a systemic infectious disease of cats of coronavirus origin.  e lack of clear signs of the presence of the 
virus before clinical form presentation, and the absence of easy and inexpensive diagnostic tests to conĕ rm 
virus presence are among the problems for controlling and preventing the spread of the virus. In addition, 
there is not yet any approved medications or treatment protocols for this disease. In this paper, the gene 
co-expression  network was ĕ rst reconstructed and modulated using the STRING database and Cytoscape 
so ware.  e GO and pathways of the modules were obtained using the DAVID and KEGG databases.  e 
most important possible pathways are proteasome, protein processing in the endoplasmic reticulum, pro-
tein export, aminoacyl-tRNA biosynthesis, phagosome, tuberculosis, and T cell receptor signaling pathway. 
In the other part of the study, the gene-drug network regeneration strategy was used to identify a potential 
medicine reconstructed using the DGIdb database and Cytoscape so ware using the drug-gene network. 
BORTEZOMIB, CARFILZOMIB, OPROZOMIB, IXAZOMIB CITRATE, MARIZOMIB, BCG VACCINE, 
IC14, NELFINAVIR, and RITONAVIR are some of our recommended drugs for this disease. Although our 
computational strategy predicts repurposable candidate drugs against FIP, more detailed experimental trials 
and clinical analyses of drug performance, toxicity, and validation are necessary to achieve an accurate and 
improved treatment protocol.
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Introduction  

FIP is a severe disease primarily aff ecting young-
er cats [1, 2]. Diagnosis is challenging due to 

the lack of deĕ nitive tests and speciĕ c symptoms [3]. 
It is caused by FCoV, an RNA virus belonging to the 
Alphacoronavirus genus with serotypes 1 and 2 [4]. 
Serotype 1 is more prevalent [2], but research focus-
es on serotype 2 due to easier laboratory propagation. 
FCoV can persist in dry environments for up to seven 
weeks and spreads indirectly [5]. Early detection of 
FIP is problematic as clinical signs and imaging lack 
speciĕ city. Real-time polymerase chain reaction tests 
for viral RNA are inconclusive. Prevention outweighs 
treatment options due to rapid progression and diag-
nostic limitations [5–7]. However, eff orts to develop 
a vaccine have been hindered by antibody-dependent 
enhancement [8].  erefore, identifying eff ective 
treatments is critical. 

 is study employs computational biology to 
analyze gene expression data (dataset GSE152676) 
from healthy and FIP-infected cats. GO analysis us-
ing the DAVID database identiĕ es relevant biological 
processes [9].  e present research aims to pinpoint 
FIP-related genes and potential drug targets effi  cient-
ly. By leveraging a drug-gene interaction network, 
the study rapidly identiĕ es candidate medications 
through bioinformatics and gene co-expression net-
work analysis.  is approach enhances our under-
standing of FIP mechanisms and aids in developing 
eff ective treatments [10].

In this study, gene expression data for FIP was ob-
tained from the NCBI database using the GSE152676 
dataset [11], which includes data from healthy and 
FIP-aff ected cats.  e dataset comprises 19,493 tran-
scripts obtained via Illumina sequencing. Signiĕ -
cant gene expression diff erences (p < 0.001) between 
healthy and FIP groups were identiĕ ed, resulting in 
1,332 genes for network construction.

 e gene co-expression network was constructed 
using the String database (version 11.5) [12], focusing 
on 1,332 genes from the previous step, specifying Felis 
catus as the species of interest.  e network settings 
emphasized co-expression interactions with a con-
ĕ dence score of 0.4, excluding unconnected nodes. 
High-conĕ dence data were obtained by adjusting 
interaction settings.  e network was visualized and 
reĕ ned using Cytoscape so ware [13] and employing 
graph theory principles to reconstruct the main gene 
co-expression network (Figure 1).

Clustering
 e cluster analysis of biological networks has be-

come one of the most remarkable strategies for iden-
tifying functional modules and predicting network 

biomarkers and protein complexes.  e visualization 
of the clustering outcome is highly important for 
demonstrating the structure of biological networks 
[14].  e ClusterVis [15] plugin (version 1.0.3) was 
used to cluster the main network and to analyze this 
biological network. Cytoscape so ware is a power-
ful instrument for drawing and analyzing networks 
[13]. It is a platform that can be employed to run the 
ClusterVis plugin. In this step, the gene co-expres-
sion network data obtained from the string site were 
imported into the Cytoscape so ware version 3.8.2. 
Next, ĕ ve performance modules were obtained us-
ing the ClusterVis plugin and the Algorithm: FAG-
EC parameters and setting the algorithm parameters 
to Deĕ nitionWay: Strong and Output reshold: 10. 
 e list of cluster genes is provided in the supple-
mentary ĕ le.

 e GO section contains information about BP, 
CC, and MF.  e BP refers to a biological target that 
comprises a gene or gene product.  e procedure 
is performed through one or several regular sets of 
MFs.  e CC denotes the location and structure in 
the cell in which the gene product is active.  e MFs 
are deĕ ned as the biochemical activity (involving a 
particular binding of ligands or structures) of a gene 
product [16].

In this step, the list of functional cluster genes, 
which were obtained from the previous step, was en-
tered into the DAVID site. Several categories of func-
tional information were obtained a er providing 
the requested information and selecting the species 
Felis catus as the test species.  e GO and pathway 
sections were among the objectives of our study. In 
the GO section, the ĕ ndings of all BP, CC, and MF 
categories were presented in diff erent evaluations 
for each category. Moreover, we loaded and stored 
data for all categories and clusters to select more de-
tailed data. All data were arranged according to the 
p-value and the pathways of each of the ĕ ve clusters 
were separately loaded for reviewing and reporting 
purposes.  e PATHWAY database is a collection 
of diagrams drawn manually.  ey are called KEGG 
reference pathway diagrams (maps), each of which 
is related to a known network of functional impor-
tance.  e KEGG site was used to gain access to the 
pathway database [16–19].  

 e DGIdb is a web resource that collects and 
presents information on gene-drug interactions 
from papers, databases, and other web-based sourc-
es [20]. It lacks information on animal medications 
and exclusively includes human medications. None-
theless, this study could suggest suitable drug can-
didates for further progressive studies.  e set of all 
involved genes was entered into the clusters in this 
database. All the predicted drugs for these genes 
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were extracted, and the medications were examined 
based on their eff ects on the involved genes and their 
participation in the main pathways.

GO and Pathway Enrichment Analysis:
Pathway analysis identiĕ ed key pathways for each 

module based on p-value and gene participation:
- Module 1: Proteasome, InĘ uenza A, Measles, 

Hepatitis C, and Herpes simplex infection.
- Module 2: Protein processing in the endoplas-

mic reticulum (26/56 genes, p-value 1.81e-34) and 
protein export.

- Module 3: Aminoacyl-tRNA biosynthesis.
- Module 4: Phagosome and Tuberculosis.
- Module 5: T-cell receptor signaling pathway.
Complete pathway details and participating genes 

are in the supplementary ĕ les. 
Functional Interpretation of GO Co-expression 

Networks in FIP:
GO analysis using DAVID categorized informa-

tion into BP, CC, and MFs for all ĕ ve clusters reported 
with p-values < 0. 

Key BPs included:
- Module 1: Response to virus, defense response, 

and proteolysis.
- Module 2: Intracellular protein transport and 

protein targeting to the membrane.
- Module 3: tRNA aminoacylation and amino 

acid activation.
- Module 4: Regulation of cytokine production 

and immune response.
- Module 5: Positive regulation of leukocyte-me-

diated immunity.
Detailed BP, CC, and MF data are provided in the 

supplementary ĕ les to manage complexity and main-
tain study focus.

 is study employed a bioinformatics approach 
to unravel the genes and pathways involved in FIP, 
proposing repurposable drugs. Expression-modiĕ ed 
genes from healthy and FIP-infected groups were 
sourced from NCBI [11]. A gene co-expression net-
work was constructed and analyzed, revealing ĕ ve 
gene clusters. Drugs targeting these genes were iden-
tiĕ ed from the DGIdb human drug database.

Proposed Candidate Drugs
Genes from identiĕ ed modules underwent anal-

ysis using the DGIdb database to pinpoint potential 
drugs visualized via Cytoscape (Figure 2). Notably, 
BORTEZOMIB and CARFILZOMIB (linked to nine 
genes), OPROZOMIB and IXAZOMIB CITRATE 
(eight genes), and MARIZOMIB (four genes) emerged 
as proteasome inhibitors [21–25]. Other medications 
with signiĕ cant genetic associations included BCG 
VACCINE, IC14, NELFINAVIR, and RITONAVIR. 

Comprehensive drug predictions are detailed in the 
supplementary ĕ les.

 e major pathways obtained using bioinformat-
ics databases involved proteasome, protein processing 
in the endoplasmic reticulum, protein export, amino-
acyl-tRNA biosynthesis, phagosome, tuberculosis, 
and the T-cell receptor signaling pathway.  e pro-
teasome pathway, crucial for cellular regulation and 
quality control (p-value: 4.76E-12), emerged promi-
nently.

Proteasome inhibitors, such as BORTEZOMIB 
[23], CARFILZOMIB [22], OPROZOMIB [22], IXA-
ZOMIB CITRATE [24], and MARIZOMIB [25], orig-
inally used in cancer therapy [26], were highlighted as 
potential treatments for FIP.  eir role in regulating 
key cellular proteins via the ubiquitin-proteasome 
system suggests antiviral potential, crucial for vari-
ous stages of coronavirus infection and potentially 
reducing antiviral resistance [27, 28].  e study rec-
ommends these drugs as robust therapeutic options 
for FIP.

 e tuberculosis pathway (p-value: 5.86E-
04) shares similarities with FIP, involving expres-
sion-modiĕ ed genes CD14, TLR4, and TLR2 [11, 29, 
30], also in the Toll-like receptor signaling pathway 
(p-value: 0.001873) [31]. One of the drugs targeting 
the CD14 gene is IC14 [32], which can serve as a po-
tential FIP treatment by inhibiting its activity, as seen 
in studies on SARS-CoV-2 [33].

In addition to the tuberculosis pathway, the Toll-
like receptor signaling and phagosome pathways 
(p-value: 3.92E-07) also share common genes with 
tuberculosis (i.e., LTR4).  e drugs suggested on the 
tuberculosis pathway can be eff ective on the two men-
tioned pathways.

NELFINAVIR, a protease inhibitor, showed to be 
promising in reducing HIV viral load and increasing 
CD4+ cells [34], demonstrating antiviral eff ects on 
FIP in vitro [1] and potential with Galanthus nivalis 
agglutinin for FIP [35] and SARS-CoV-2 inhibition 
[36].

RITONAVIR, another HIV protease inhibitor 
[37], was tested with LOPINAVIR for SARS-CoV-2 
but did not reduce mortality [38]. GC376 [39] and 
GS-441524 [40] showed promise in FIP treatment, 
though concerns about resistance and tissue distribu-
tion remain. Eff ective treatments for FIP are crucial 
due to the toxicity of FIPV inhibitory doses and the 
absence of approved therapies [41, 42].

REMDESIVIR )GS-5734(, a nucleoside analog 
with broad antiviral activity, including FIPV [42], 
MERS CoV, and SARS CoV [43], has FDA approv-
al for SARS-CoV-2 treatment [44]. XRAPHCONN®, 
containing GS-441524, shows promise in FIP treat-
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Table 1.
 e details of the gene co-expression modules.

List of genesNO.module no.

EIF2AK2, PSMD11, NMI, TXNL1, PSMB2, PSME2, PSMA6, PSMD3, PSMD4, 
FAM26F, CXCL11, STAT1, IFIT3, IFIT2, IRF1, UBA7, CXCL9, TRIM21, RSAD2, 
DHX58, CXCL10, TAP1, SAMD9L, PARP12, ISG15, STAT2, MX1, IRF7, IFI35, RTP4, 
LGALS3BP, OAS1, HERC6, BST2, IFI44L, HERC5, IFI44, MMS19, DTX3L, PARP9, 
DDX58, ZNFX1, DDX60, PSMA3, UBE2L6, PSMC2, EIF2S1, IFI6, PSMB9

49co-expression-module-1

SRPRB, TMED10, LRRC59, TRAM2, SSR3, P4HB, MANF, KDELR2, SPCS1, SEC62, 
SSR2, PPIC, SLC33A1, PCSK7, SSR4, DNAJC3, OS9, DAD1, HSP90B1, ERLEC1, SL-
C35B1, SEC61B, SDF2, HSPA5, TXNDC5, VIMP, HDLBP, DNAJB9, SEC61A1, SEC24D, 
PDIA5, PDIA3, SEC63, DDOST, CANX, LMAN1, TRAM1, SND1, SSR1, HM13, SIL1, 
SEC24A, SEC23B, COPG1, NUCB1, STT3A, CLTCL1, GMPPB, RAB5IF, PSAP, AT-
P1A1, PDIA6, TMED9, SPCS2, OSTC, SEC11C

56co-expression-module-2

ASNS, MARS, HARS, AARS, WARS, EIF5A2, VARS2, GARS, NARS, LARS10co-expression-module-3

WAS, SASH3, TLR2, CD14, CORO1A, NCF2, TYROBP, SPI1, BLK, CTSS, SLC11A1, 
ADGRE1, CYBB, SLC15A3, CD80, PTAFR, FGR, C5AR1, ARHGDIB, TLR4, SRGN, 
MSR1, RGS18, C1orf162, ALOX5AP, C3AR1

26co-expression-module-4

CD247, TRAF3IP3, BTN1A1, GRAP2, SH2D1A, P2RX7, GPR174, INPP5D, CD3D, 
ZAP7010co-expression-module-5

Table 2.
 e Signiĕ cant Biological Pathways for all Five Clusters.

p-ValuePATHWAYCluster no.

4.76E-12Proteasomeco-expression-module-1

1.06E-08InĘ uenza Aco-expression-module-2

7.51E-07Measlesco-expression-module-3

8.76E-07Hepatitis Cco-expression-module-4

6.34E-06Herpes simplex infectionco-expression-module-5

Online supplemental material
Supplementary Excel ĕ le.  e complete information of all modules separately for BP, CC, MF, and pathways, 
as well as gene-drug network data, are provided in this supplementary Excel ĕ le.

Visual abstract. Visual abstract of the research process
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Table 3.
 e candidate drugs.

GeneNO.Drug

PSMD11, PSMB2, PSME2, PSMA6, PSMD3, PSMD4, 
PSMA3, PSMC2,PSMB99BORTEZOMIB

PSMD11, PSMB2, PSME2, PSMA6, PSMD3, PSMD4, 
PSMA3, PSMC2,PSMB99CARFILZOMIB

PSMD11, PSMB2, PSMA6, PSMD3, PSMD4, PSMA3, 
PSMC2, PSMB98OPROZOMIB

PSMD11, PSMB2, PSMA6, PSMD3, PSMD4, PSMA3, 
PSMC2, PSMB98IXAZOMIB CITRATE

PSMB2, PSMA6, PSMA3, PSMB94MARIZOMIB

CXCL10, TLR42RITONAVIR

TLR41NELFINAVIR

CD141IC14

EIF2AK21BCG VACCINE

Supplemental material Cont.
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Prevalence of Foodborne Bacteria in Food in Iran

Abstract in Persian

باكترى هاى منتقله از غذا در ايران: بررسى سيستماتيك ٢٣ ساله غذاهاى پرخطر

باكترى هاى منتقله از غذا، سالمونلا، استافيلوكوكوس اورئوس، ليستريا، غذا، شيوع

محمد هاشمى١،٢، فاطمه اسدى تورانلو ١،٢، شيوا اديبى١،٢، اسما افشارى١،٢، گلشن شاكرى٢*

2024- Mar- 17

2024- Sep-18
2024- Jul-21

١ مركز تحقيقات سم شناسى پزشكى، دانشگاه علوم پزشكى مشهد، مشهد، ايران.
٢گروه تغذيه، دانشكده پزشكى، دانشگاه علوم پزشكى مشهد، مشهد، ايران.

عمومى  بهداشت  مهم  نگرانى  يك  اقتصادى،  هاى  زيان  و  مير  و  مرگ  ميزان  بالا،  شيوع  دليل  به  غذا  از  منتقله  هاى  بيمارى 
 ٢٣ طى  ايران  در  شده  شناسايى  غذايى  مواد  شيوع  و  زا  بيمارى  عوامل  سيستماتيك  بررسى  هدف  با  مطالعه  اين  هستند.  جهانى 
كليدواژه هاى  از  استفاده  با  انجام شد.  ارزيابى ريسك و رويكردهاى پيشگيرانه در سراسر كشور  بر  مرورى  ارائه  با هدف  سال گذشته، 
دانش  پايگاه  و   ScienceDirect، Scopus، PubMed، Google Scholar مانند  اصلى  اطلاعاتى  پايگاه هاى  در  و جستجو  مناسب 
به  مربوط  انتشارات  مقالات،  اين  بين  در  شد.  درج  ارزيابى  براى  مقاله   ٣٢٨ نهايت  در  يافتيم.  مقاله   ٤٧٤٠ ابتدا  در  ايرانيان،  علمى 
غذا  اصلى  پاتوژن هاى  اصلى  منبع  به عنوان  طيور  گوشت  داشتند.  را  تعداد  بيشترين  ليستريا  و  اورئوس  استافيلوكوكوس  سالمونلا، 
كمپيلوباكتر  و  درصد)   ١٨/١٣) انتروكوليتيكا  درصد)،   ٣٠/٧٧) مونوسيتوژنز  ليستريا  درصد)،   ٢٤/٨٣) سالمونلا  جمله  از  ايران  در 
براى  موثر  كنترلى  اقدامات  ارائه  ايرانى،  غذاهاى  در  غذا  از  منتقله  هاى  باكترى  بالاى  شيوع  به  توجه  با  شد.  ظاهر  درصد)   ٣٦/٦)
بيمارى هاى  بروز  براى  بالايى  خطر  كه  طيور  گوشت  خاص،  طور  به  است.  ضرورى  غذا  از  ناشى  هاى  بيمارى  بار  و  خطر  كاهش 
ارزيابى بيشتر خطرات و اجراى اقدامات كنترلى در كل زنجيره غذايى قرار گيرد. بايد در معرض  منتقله از طريق غذا در ايران دارد، 

* نويسنده مسئول: گلشن شاكرى
Golshan.shakeri@gmail.com
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Toxicity of titanium dioxide on cancer cell line

Abstract in Persian

MCF-7 اثرات سيتوتوكسيك نانوذرات دى اكسيد تيتانيوم بر رده سلولى سرطانى

MTT، TEM سرطان پستان، فلوسيتومترى، سنجش ميكرونوكلئوس، سنجش

راحله جواهرى ١ ،احمد رضا راجى*١، هادى محب عليان٢ ، محمد عزيز زاده ٣

2024- Jan-21

2024-Jul-08
2024- Jul-08

١ گروه علوم پايه، دانشكده دامپزشكى، دانشگاه فردوسى مشهد، مشهد ، ايران.
٢گروه پاتوبيولوژى، دانشكده دامپزشكى،  دانشگاه فردوسى مشهد، مشهد ، ايران.

٣ گروه علوم درمانگاهى، دانشكده دامپزشكى،  دانشگاه فردوسى مشهد، مشهد ، ايران.

سرطان يكى از شايع ترين بيمارى ها در سراسر جهان بوده و بسيارى از افراد از انواع مختلف سرطان رنج مى برند. امروزه نانوذرات 
TiO بر رده سلولى سرطان پستان انجام شد. 

2
TiOكاربردهاى درمانى گسترده اى دارند. مطالعه حاضر به منظور بررسى سميت سلولى 

2

سلول هاى سرطانى MCF-7 و رده سلولى فيبروبلاست HFF كشت داده شدند و پس از تأثير غلظت هاى ٢٠٠، ١٠٠، ٥٠، ٢٥ ميكروگرم 
 IC50 طى ٤٨ ساعت و ٧٢ ساعت اندازه گيرى و HFF بر ميلى ليتر نانوذرات دى اكسيد تيتانيوم، ميزان بقاى سلول ها با استفاده از روش
TiO نشان داد كه نانوذرات دى اكسيد تيتانيوم در غلظت هاى ٢٠٠ 

2
تعيين شد. تيمار سلول هاى MCF-7 و HFF با غلظت هاى مختلف 

ميكروگرم بر ميلى ليتر بيشترين سميت سلولى را نشان مى دهند. نتايج فلوسايتومترى نيز آپوپتوز را در سلول هاى MCF-7 و HFF تاييد 
كرد. نتايج ميكروسكوپ نورى نشان داد كه نانوذرات دى اكسيد تيتانيوم مى توانند در دوز ٢٠٠ ميكروگرم بر ميلى ليتر در يك دوره درمان 
٤٨ و ٧٢ ساعت در رده هاى سلولى MCF-7 و HFFباعث ايجاد سميت وابسته به غلظت شوند. نتايج تصويربردارى ميكروسكوپ الكترونى 
از سلول هاى سالم و سرطانى پستان تيمار شده با غلظت ٢٠٠ ميكروگرم بر ميلى ليتر نانوذرات دى اكسيد تيتانيوم در مدت ٧٢ ساعت نشان 
دهنده پارگى غشاى ميتوكندرى و نشت ماتريكس به سيتوپلاسم و تورم شبكه آندوپلاسمى خشن است. با توجه به نتايج به دست آمده، نانوذرات 
TiO را مى توان به  عنوان كانديداى دارويى آينده نگر براى اهداف دارويى توصيه كرد، اگرچه مطالعات بيشترى در اين زمينه مورد نياز است.

2

* نويسنده مسئول: احمدرضا راجى
rajireza@um.ac.ir
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Antidiabetic and protective eff ects of Ferula assa-foetida L on the 
testis of rat.

Abstract in Persian

اثرات ضد ديابتى و حفاظتى عصاره اتانولى آنغوزه بر بيضه موش هاى صحرايى ديابتى شده 
با استرپتوزوتوسين: يك مطالعه هيستوپاتولوژيكى.

آنغوزه، موش صحرايى، ديابت، سيستم توليد مثلى، اسپرماتوژنز، گياهان دارويى

زهرا اسداللهى١،احمد على محمد پور١،ابراهيم لطيفى١،حسين نورانى٢

2023-Nov-20

2024-Sep-01
2024-Jul-29

١  گروه علوم پايه، دانشكده دامپزشكى،دانشگاه فردوسى، مشهد، ايران.
٢ گروه پاتوبيولوژى، دانشكده دامپزشكى،دانشگاه فردوسى، مشهد، ايران.

از جمله دستگاه تناسلى را درگير مى  اندام ها   ديابت يكى از شايع ترين بيمارى هاى متابوليك در سراسر جهان است كه همه 
آنغوزه  كنند.  مى  استفاده  آنها  عوارض  كاهش  براى  شيميايى  داروهاى  جاى  به  دارويى  گياهان  از  محققين  از  بسيارى  امروزه  كند. 
مطالعه  گيرد.  مى  قرار  استفاده  مورد  طور سنتى  به  ها  بيمارى  از  بسيارى  درمان  براى  هاست  كه سال  است  دارويى  گياهان  از  يكى 
حاضر به بررسى اثرات ضد ديابتى و محافظتى آنغوزه بر بيضه موش هاى صحرايى نر ديابتى شده با استرپتوزوتوسين پرداخته است. 
بافت  مطالعات  مى دهد.  نشان  بيضه ها  در  توجهى  قابل  بهبود  آنغوزه  عصاره  با  تيمار شده  ديابتى  موش هاى  هيستومورفولوژى  بررسى 
و  دهد  مى  افزايش  ساز  اسپرم  هاى  لوله  در  را  اسپرم  تعداد  توجهى  قابل  به طور  آنغوزه  عصاره  با  درمان  كه  دهد  مى  نشان  شناسى 
آسيب  و  ديابت  در  بيوشيميايى  و  هيستومورفومتريك  پارامترهاى  بر  آنغوزه  بخش  بهبود  اثرات  ما  مى دهد. مطالعه  كاهش  را  فيبروز 
نسبت داده مى شود. اكسيدان ها در آنغوزه  آنتى  فعال زيستى و  به وجود تركيبات  تا حدى  تاييد مى كند كه  را  از آن  ناشى  بيضه 

* نويسنده مسئول: احمد على محمدپور
     mohammadpoor@um.ac.ir
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Eff ect of silymarin on diclofenac toxicity in pigeons

Abstract in Persian

اثرات پيشگيرانه سيليمارين بر مسموميت ناشى از ديكلوفناك در كبوتر اهلى

ديكلوفناك، كبوتر اهلى، بيوشيمى سرم، سيليمارين

ناصر وجدى ١*، سعيد سيفى١، شهره عاليان سماك خواه٢

١ گروه علوم درمانگاهى، دانشكده دامپزشكى، دانشگاه تخصصى فناورى هاى نوين آمل، آمل، ايران.
٢ گروه بهداشت و مواد غذايى، دانشكده دامپزشكى، دانشگاه تخصصى فناورى هاى نوين آمل، آمل، ايران.

 (Columba livia) از ديكلوفناك در كبوترهاى اهلى بر سميت حاد كبد و كليه ناشى  اثرات سيليمارين  بررسى  به  اين مطالعه   
پرداخت. استفاده از داروهاى ضدالتهابى غيراستروئيدى (NSAID) منجر به عوارض جانبى دارويى مانند خونريزى هاى قلبى عروقى و 
گوارشى و همچنين عوارض كليوى مى شود. طيف وسيعى از خواص دارويى سيليمارين حجم قابل توجهى از تحقيقات با هدف درك 
اثربخشى آن در درمان فرآيندهاى مختلف بيمارى را توضيح مى دهد. ١٥ كبوتر به طور تصادفى در ٣ گروه (١، ٢ و ٣) قرار گرفتند. 
كبوترهاى گروه ١ به عنوان گروه كنترل منفى عمل كردند و به آنها آب لوله كشى به عنوان دارونما داده شد. گروه هاى ٢ و ٣ در ابتداى 
آزمايش (ساعت صفر) تا ٢٤ ساعت ديكلوفناك ١٥ ميلى گرم بر كيلوگرم PO q12h تجويز كردند. كبوترهاى گروه ٣ با سيليمارين ٣٥ 
ميلى گرم بر كيلوگرم، از ١٢ ساعت پس از قرار گرفتن در معرض ديكلوفناك، با سيليمارين به مدت ٢ روز تحت درمان قرار گرفتند. 
نتايج نشان داد كه تيمار  آناليزهاى بيوشيمى سرم جمع آورى شد.  براى  از كبوترها در ساعت هاى ٠، ١٢، ٢٤ و ٤٨ آزمايش  خون 
كبوتر با سيليمارين باعث كاهش سطح سرمى AST، ALT، اسيد اوريك و اوره و افزايش نسبتاً آلبومين و پروتئين كل شد. مشاهدات 
بالينى نشان دهنده وجود علائم مسموميت بود كه شامل از دست دادن اشتها، اسهال و بى حالى بود. اين علائم در گروه سيليمارين 
را در كبوتر كاهش مى دهد. ديكلوفناك  از  ناشى  كليه  نتيجه گرفت كه سيليمارين آسيب حاد كبد و  توان  يافت. مى  بهبود  سريع تر 

* نويسنده مسئول:ناصر وجدى 

2024- Mar-05

2024- Sep-01

2024- Aug-10
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Apple cider vinegar in sheep

Abstract in Persian

اثر سركة سيب و ويتامين  روى پارامترهاى هماتولوژيكى و ايمنوگلوبولين تام در گوسفند: 
مطالعه پايلوت

 ويتامين  A ، ايمنوگلوبولين G، بره، پارامترهای هماتولوژيکی، سرکه سيب

محمد طلوعى*١ ،عزت ا.. فتحى١، آرمان شكرى٢ ، مسعود عليزاد٣

2023-Sep- 27

2024- Sep-01
2024-Aug-10

١ گروه علوم بالينى، دانشكده دامپزشكى دانشگاه تبريز، تبريز، ايران.
٢گروه علوم بالينى، دانشكده دامپزشكى دانشگاه تهران، تهران، ايران. 

٣ دانش آموخته دانشكده دامپزشكى، دانشگاه تبريز، تبريز، ايران. 

ارگانيك،  زمينه مطالعه: سركة سيب يك تركيب تخميرى است كه داراى اسيد استيك، فلاونوئيدها، تركيبات فنوليك، اسيدهاى 
ايمنى  روندهاى  و  سلولى  ايمنى  هاى  پاسخ  در  و  است  دخيل  ايمنى  سيستم  تكامل  در  ويتامين  هاست.  ويتامين  و  معدنى  مواد 
ايمنوگلوبولين   و  هماتولوژيكى  پارامترهاى  روى   A ويتامين  و  سيب  سركة  اثر  بررسى  هدف  با  را  مطالعه  اين  دارد.ما  نقش  همورال 
انجام داديم. ١٠ راس برة قزل مورد مطالعه قرار گرفتند. اين بره ها به طور تصادفى به سه گروه تقسيم شدند  بره-هاى قزل  تام در 
روتين  هماتولوژى  وسيلة  به  هماتولوژيكى  پارامترهاى   .(A ويتامين  تجويز  تحت  گروه  و  سيب،  سركة  تجويز  تحت  گروه  (كنترل، 
سفيد،  هاى  شد.گلوبول  گيرى  اندازه  متريك  دى  توربى  ايمنواسى  روش  وسيلة  به  تام   G ايمنوگلوبولين  غلظت  شدند.  مشخص 
و   G ايمنوگلوبولين   .(p < 0.05) يافتند  افزايش  تجويزز سيب سركه  از  دارى پس  به صورت معنى   G ايمنوگلوبولين  و  لنفوسيت ها 
 .(p < 0.05) بودند  بالاتر  معنى-دارى  به صورت  كنترل  گروه  به  نسبت  خوراكى سركة سيب  تجويز  تحت  هاى  بره  در  ها  لنفوسيت 
 .(p < 0.05) يافتند  افزايش  دارى  معنى  صورت  به   A ويتامين  تجويز  از  پس   G ايمنوگلوبولين  و  ها  نوتروفيل  سفيد،  هاى  گلوبول 
بالاتر  دارى  معنى  صورت  به  كنترل  گروه  هاى  بره  به  نسبت   A ويتامين  تجويز  تحت  هاى  بره  در   G ايمنوگلوبولين  و  ها  نوتروفيل 
كنند.  مى  تقويت  را  ايمنى  سيستم  همچنين  ها  آن  است.  ايمن  هاى  بره  در  سيب  سركة  و   A ويتامين  (p < 0.05).تجويز  بودند 

* نويسنده مسئول:محمد طلوعى
mtooloei@tabrizu.ac.ir
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Evaluation the cross immunity of a sonicated trivalent avian coli-
bacillosis vaccine to APEC O26 and O78 broilers

Abstract in Persian

 O26 ارزيابى ايمنى متقاطع واكسن سونيكه ترى والان كلى باسيلوز پرندگان برعليه سويه
اشريشيا كلى بيماريزاى پرندگان در جوجه هاى گوشتى

كلى سپتى سمى، طيور، پيشگيرى، هترولوگ، هومولوگ

سيما عالم پور رجبى، ذوالفقار رجبى*

2024-Mar-03

2024- Sep-01
2024- Aug-31

گروه آموزشى علوم درمانگاهى، دانشكده دامپزشكى دانشگاه تبريز، تبريز، ايران.

كلى باسيلوز در صنعت طيور جهان شيوع دارد. بين سويه هاى مختلف اشريشيا كلى بيماريزاى پرندگان ايمنى متقاطع وجود ندارد. 
اگر واكسنى بتواند ايمنى متقاطع ايجاد كند، آن واكسن نقش كليدى در پيشگيرى از كلى باسيلوز خواهد داشت. در اين مطالعه، واكسن 
سونيكه ترى والان كلى باسيلوز كه محتوى سه سروتيپ O78:K80، O2:K1، O1:K1 و آلوم بعنوان ادجوانت مى باشد، براى ارزيابى 
ايمنى متقاطع عليه سويه O26 استفاده شد. نودو شش قطعه جوجه گوشتى بصورت تصادفى به چهار گروه تقسيم گرديد. گروه A، گروه 
واكسينه كه با O78 چالش داده شد. گروه B، گروه غيرواكسينه كه با O78 چالش داده شد. گروه C، گروه واكسينه كه با O26 چالش داده 
 D و B يك دز واكسن، و جوجه هاى گروه C و A چالش داده شد. در ١٤ روزگى جوجه هاى گروه O26 گروه غيرواكسينه كه با ،D شد. گروه
نرمال سالين به روش زيرجلدى دريافت كردند. در ٣٥ روزگى همه گروهها چالش داده شدند. نشانه هاى بالينى و كالبدگشايى، جداسازى 
باكترى، وزن گيرى، مصرف غذا، ضريب تبديل غذايى، و تيتر عليه آنتى ژن هاى پيكرى سه سويه موجود در واكسن، O78 و O26 تعيين 
و ياداشت شد. نتايج بعد از چالش نشان داد در ميران مصرف غذا و ضريب تبديل غذايى بين گروه C و گروه D اختلاف معنى دارى وجود 
 p <) مى باشد D بطور معنى دارى بالاتر از گروه C اما ميزان رشد و تيتر آنتى بادى عليه آنتى ژن هاى پيكرى در گروه ،(p > 0.05) ندارد
0.05). در سن ٤٩-٤٢ روزگى، ميزان رشد، ضريب تبديل غذايى، و تيتر عليه آنتى ژن هاى پيكرى در گروه A در مقايسه با گروه B، بطور 

معنى دارى بالاتر است ( p < 0.05). به نظر مى رسد واكسن مذكور ايمنى هومولوگ و هترولوگ به ترتيب عليه O78 و O26 ايجاد مى كند. 

* نويسنده مسئول: ذوالفقار رجبى
rajabi@tabrizu.ac.ir
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Eff ective Genes in Feline infectious peritonitis

Abstract in Persian

شناسايى و مطالعه ژن هاى تأثيرگذار در بيمارى پريتونيت عفونى گربه و هدف گذارى مجدد 
داروها با رويكرد زيست سامانه اى

پريتونيت عفونى گربه، شبكه هم بيانى ژن، شبكه هاى زيستى، بيوانفورماتيك، خانواده كروناويروس 

محمد احمدى آشتيانى١، جلال شايق١* ، على رضاپور٢ ، حبيب مطيع قادر٣*

2023-Jul-04

2024- Sep-01
2024- Aug-21

١گروه گروه دامپزشكى، واحد شبستر، دانشگاه آزاد اسلامى، شبستر، ايران .                 
٢ گروه دامپزشكى، واحد تبريز، دانشگاه آزاد اسلامى، تبريز، ايران.                        

٣ گروه زيست شناسى، واحد تبريز، دانشگاه آزاد اسلامى، تبريز، ايران.

.

عدم وجود  است.  ويروس  كرونا  از خانواده  ويروسى  با منشأ  گربه ها  بيمارى عفونى سيستميك  يك   (FIP) گربه  عفونى  پريتونيت 
قطعى  وجود  بتواند  كه  ارزان  و  آسان  تشخيصى  تست هاى  نبود  همچنين  و  بيمارى  بالينى  فرم  شروع  از  قبل  ويروس  واضح  علائم 
و  دارويى  پروتكل  هنوز  بيمارى  اى  نيز  طرفى  از  است.  ويروس  انتشار  از  پيشگيرى  و  كنترل  مشكلات  ديگر  از  كند  تأييد  را  ويروس 
 Cytoscape نرم افزار  و   String داده  پايگاه  توسط  ژن  بيانى  هم  شبكه  ابتدا  در  مقاله  اين  در  است.  نداشته  شده اى  تأييد  درمانى 
مهم ترين  از  آمد.  دست  به   KEGG و   DAVID داده  پايگاه  توسط  ماژول ها  آنتولوژى  ژن  و  مسيرها  شد.  بندى  ماژول  و  بازسازى 
Proteasome،Protein processing in endoplasmic retic-:كرد اشاره  مسيرها  اين  به  به دست آمده مى توان  احتمالى  مسيرهاى 
 T cell receptor signaling و   ulum، Protein export، Aminoacyl-tRNA biosynthesis، Phagosome، Tuberculosis

با  كه  است  استفاده شده  بالقوه  داروى  شناسايى  به منظور  ژن-دارو  شبكه  بازسازى  استراتژى  از  پژوهش  ديگر  بخش  در   .pathway

 BORTEZOMIB، داروهاى  كه  شد  ترسيم  ژن-دارو  شبكه   Cytoscape نرم افزار  استفاده  با  و   DGIdb داده  پايگاه  از  بهره گيرى 
CARFILZOMIB، OPROZOMIB، IXAZOMIB CITRATE، MARIZOMIB، BCG VACCINE، IC14، NELF-

داروهاى  ما  محاسباتى  استراتژى  اگرچه  است.  معرفى شده  بيمارى  اين  براى  ما  پيشنهادى  موارد  از  و...   INAVIR، RITONAVIR

و  تجربى دقيق تر و همچنين تجزيه  كارآزمايى هاى  اين حال،  با  بيمارى FIP پيش بينى مى كند.  برابر  را در  قابل استفاده مجدد  كانديد 
تحليل بالينى عملكرد دارو، سميت دارو، و اعتبارسنجى تجربى براى دستيابى به يك پروتكل درمانى دقيق و بهبوديافته ضرورى است.

* نويسنده مسئول: حبيب مطيع قادر ، جلال شايق
habib_moti@ut.ac.ir

Jalal.shayegh@iau.ac.ir
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3.  e submitted manuscript should be accompanied by a written statement signed by the cor-
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sible for animal welfare and all statements made in their work.
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 e Creative Commons Attribution License 4.0 formalizes these and other terms and conditions of 
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PREPARATION OF MANUSCRIPT

Manuscripts should be written in English, with Abstract in both English and Persian (where ap-
plicable), typewritten in MS Word program, double-spaced, in 12-point “Times New Roman” font on 
A4 paper size. Authors are requested to reserve margins of 2.5 cm all around the pages. Manuscript 
should also have line numbers. All pages of the manuscripts should also be enumerated. 

Research Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, Results, Discussion, Materials and methods, References, and Figure legends. Tables and ĕ gures 
should be appended as individual ĕ les.

Review Articles should contain Title page, Abstract, Keywords, List of Abbreviations, Introduc-
tion, appropriate sections dependeing to the subject, Conclusions and future directions. Tables and 
ĕ gures should be appended as individual ĕ les.  e review article should provide an update on recent 
advances in a particular ĕ eld. Authors wishing to submit review articles should contact the Editor 
with an outline of the proposed paper prior to submission.

Case Reports should include Title page, Abstract, Keywords, List of Abbreviations, Introduction, 
Case Presentation, Results and Discussion, and References. Case reports should not exceed 2000 
words (excluding the references) and should include no more than two tables or ĕ gures. Tables and 
ĕ gures should be appended as individual ĕ les.

Short Communications should not exceed 2000 words (excluding the references) and include no 
more than two tables or ĕ gures.  ey should include Title page, Abstract, Keywords, List of Abbrevia-
tions, the text summarizing results with no other divisions, and References. Tables and ĕ gures should 
be appended as individual ĕ les.
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name, department affi  liation, and institution), running  head (condensed title) (≤ 50 characters, 
including spaces), name and address of the authors to whom correspondence and reprint requests 
should be addressed, Acknowledgements, Author contributions, and ConĘ ict of interest.
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size the new and important aspects of the study and the conclusions that follow from them. It could 
include the implication, application, or speculation of the ĕ ndings and their limitations, relate the 
observations to other relevant studies, and links the conclusions with the goals of the study. Recom-
mendations, when appropriate, may be included.

Materials and methods
Materials and methods should be described in suffi  cient details to allow other researchers to re-

produce the results. Specify any statistical computer programs used . e methods of data collection 
and use of statistical analysis will be checked by the referees and if necessary, a statistician. Drugs and 
therapeutic agents, reagents, so wares and equipments should be given in the format: name (trade 
name, manufacturer name, city, country), e.g. Statview 5 (SAS Institute, Inc., Cary, NC, USA).

Animals: All animal experiments should comply with the ARRIVE (https://arriveguidelines.org/) 
guidelines and the authors should clearly indicate in the manuscript the ethical code of the study.

Gene names:  e standard gene names, as provided by HGNC (HUGO Gene Nomenclature Com-
mittee) should be used. Gene names must be italicized. If the case of mammalian species and if gene 
names refer to rodent species, they must be upper case; if they refer to non-rodent species they must 
be written in capitals. If they refer to other species, they must written lower case. Protein names are 
written in capitals and are not italicized. As an example:

Mouse beta actin gene: Actb

Bovine beta actin gene: ACTB

Chicken beta actin gene: actb

Beta actin protein: ACTB

Quantitative PCR: If the quantitative PCR method has been used, the related section in Materials and 
Methods and Results must be written following the reference:

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, Mueller R, Nolan T, Pfaffl   MW, Shi-
pley GL, Vandesompele J, Wittwer CT.  e MIQE guidelines: minimum information for publication 
of quantitative real-time PCR experiments. Clin Chem. 2009 Apr;55(4):611-22.

Protocol for DNA/RNA extraction, including quantiĕ cation and determination of purity.

Reverse transcription (if used): amount of RNA, concentration of all reagents: primers concentration 
(either random primers or oligonucleotides), reverse transcriptase and master mix components.

qPCR: sequence of forward and reverse primers, probes, amplicon size, accession number of Gene-
bank; thermocycler parameters (i.e. denaturation, annealing and extension steps, number of cycles, 
melting curves); validation of PCR products; non-template controls for reverse transcription and 
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qPCR should be included in all reactions; and

Data analysis: details for the quantitative or relative analysis.

Use of antibodies: Authors must show that the antibodies are validated and their speciĕ city sis con-
ĕ rmed.

References
      Must be up-to-dated and limited to those that are necessary. Lists of references should be given 
in numerical order in the text, and in the reference list. Please use Vancouver style. To download the 
Vancouver Style follow the link in the IJVST website which could be used in the Endnote so ware.

Use of Italics
Gene symbols, Latin terms (i.e. in vivo, in vitro, ex vivo, in utero, in situ, and etc.) and species sci-

entiĕ c names (using the binomial nomenclature), should be typed in italics, while the ĕ rst letter of 
the genus name must be capitalized (i.e. Homo sapiens).

Copyright
Accepted manuscripts in IJVST will be Open-Access articles distributed under the terms and 

conditions of the Creative Commons Attribution License (CC BY).  e copyright is retained by the 
author(s).  e publisher will insert the following note at the end of the published text:

©2024  e author(s).  is is an open access article distributed under the terms of the Creative 
Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, as long as the original authors and source are cited. No permission is required from 
the authors or the publishers.

Figures
Figures must be submitted in individual ĕ les (format: TIFF, Dimensions: Width: 789 – 2250 pixels 

at 300 dpi Height maximum: 2625 pixels at 300 dpi, Resolution: 300 – 600 dpi, ĕ le size: less than 10 
MB, Text within ĕ gures: Arial or Symbol font only in 8-12 point).  e text and other labels should 
be placed in the ĕ gure as un-compressed layers. Each ĕ gure should have a title which is followed by 
explanation of results shown in the ĕ gure. Figures should be numbered in order of citation in the text 
with Arabic numerals. If a published ĕ gure is used, the publisher’s permission needs to be presented 
to the offi  ce, and the ĕ gure should be referenced in its legend.

diagrams 
For the use of bar diagrams the following publication should be consulted:

Weissgerber TL, Milic NM, Winham SJ, Garovic VD. Beyond bar and line graphs: time for a new data 
presentation paradigm. PLoS Biol. 2015 Apr22;13(4):e1002128.   e bar diagrams should be provided 
in color and in a well-designed and professional format. Please do not use diff erent shades of gray. 
 e axes of diagrams should have titles and units. Also, the source ĕ le of the image (Excel etc.) should 
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be provided for typesetting.Illustrations should be numbered as cited in the sequential order in the 
text, with a legend at the end of the manuscript. Color photographs are accepted at no extra charge. 
 e editors and publisher reserve the right to reject illustrations or ĕ gures based upon poor quality of 
submitted materials.

Online proof correction, AFTER ACCEPTANCE
To ensure a speedy publication process, we request the corresponding author to provide us with proof 
corrections within two days. Sending the proof ĕ le of the article to the user account will be notiĕ ed by 
email. All parts of the paper should be checked carefully and all corrections should be marked on the 
proof ĕ le and ĕ nally sent it back via the user account.
You can still choose to annotate and upload your edits on the PDF version. All instructions for proof-
ing will be given in the e-mail we send to the corresponding author.
We will do everything possible to get your article published quickly and accurately. Please use this 
proof only for checking the typesetting, editing, completeness, and correctness of the text, tables, and 
ĕ gures. Signiĕ cant changes to the article as accepted for publication will only be considered at this 
stage with permission from the Editor. Please check carefully before replying, as the inclusion of any 
subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.

Privacy Statement
 is journal will not use your personal information for any reason that is not related to your business 
with the journal, nor will we sell, rent, or give it to any other person or organization.
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PUBLICATION ETHICS 

Iranian Journal of Veterinary Science and Technology is  a member of the Committee on Publica-
tion Ethics (COPE), best practice guidelines for dealing with ethical issues in journal publishing and 
adopts the COPE guidelines.  e journal members (editor, editorial board and the journal manager) 
have agreed to meet the purposes and objectives of the Journal.

 
Ethical guidelines for authors:

- Manuscripts must be submitted with the understanding that they have not been previously pub-
lished and are not currently under consideration by another journal.

- Authors are expected to submit manuscripts with enough detail and references to enable others to 
replicate the work.

-Authors may be requested to provide the original data from their study for editorial review and 
should be ready to make the data publicly available if feasible.

- e corresponding author is responsible for ensuring that all co-authors have approved the manu-
script prior to submission.

- Only individuals who meet the authorship criteria should be listed as authors in the manuscript, as 
they are expected to take public responsibility for the content.  e “ConĘ ict of interest declaration and 
author agreement form” must be signed and completed by all authors.  is statement and signatures 
certiĕ es that all authors have seen and approved the manuscript being submitted. Also, the authors by 
signing this form warrant that the article is the Authors’ original work, that the article has not received 
prior publication and is not under consideration for publication elsewhere, and that the correspond-
ing author shall bear full responsibility for the submission.
    Before submission, all authors are required to review the Article Submission Checklist.

- Authors should disclose any conĘ icts of interest that might be perceived as inĘ uencing the results 
or their interpretation in the manuscript at the earliest stage possible.  is can be done by uploading 
the ConĘ icts of Interest Form along with the manuscript submission.

- e authors are responsible for ensuring that the submitted manuscript is a complete and original 
work, free from any form of plagiarism. All authors are advised to use plagiarism prevention so ware 
to check for similarities.
    -Authors are required to identify in their manuscript if their work involves chemicals, procedures, 
or equipment that have any inherent unusual hazards.

- All researchers should have a written and signed informed consent form from whom voluntarily 
participate in their researches.  is signed form shows obviously the consent of the subject to partici-
pate. All steps of the experiment were carried out based on the Guidelines for Animal Care at Ferdowsi 
University of  Mashhad  in Iran that are approved by the Committee of Biological Ethics, Faculty of 
Veterinary Medicine, Ferdowsi University of  Mashhad, Iran  (https://ethics.research.ac.ir/docs/pages/
Guideline-En.pdf).   e experiments that are carried outside the university should have a written and 
signed informed consent form related to ethic protocols of university or institute that they are carried.

- If the decision is ‘Needs Revision,’ authors are expected to respond systematically and promptly to 
the reviewers’ comments, addressing point by point, and revising their manuscript accordingly.  e 
revised manuscript should then be submitted to the journal within the given deadline.

- Authors are requested to clearly identify who ĕ nancially supported the research and/or prepara-
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tion of the manuscript and brieĘ y describe the role of the founder/ sponsor in any part of the work at 
the end of their manuscript under “Acknowledgements” section.
    -It is a condition for submission of a manuscript that the authors permit editing of the paper for 
readability.
   - All authors agree to allow the corresponding author to serve as the correspondent with the Journal’s 
editorial offi  ce, to review the edited manuscript and proof.
    -Under open access license, authors retain ownership of the copyright for their content, but allow 
anyone to download, reuse, re-print, modify, distribute, and/or copy the content as long as the original 
authors and source are cited properly.
   - When author(s) discover(s) a signiĕ cant error or inaccuracy in his/her own published work, it 
is the author’s obligation to promptly notify the Journal editor or publisher to retract or correct the 
manuscript. 

- All authors must know that the submitted manuscripts under review with the IJVST are subject to 
screening, using Plagiarism Prevention So ware. Plagiarism is a serious violation of publication ethics 
and in all its forms constitutes unethical publishing behavior and is unacceptable.

- Editors and members of editorial board as authors should be excluded from publication decisions 
when they are authors or have contributed to a manuscript.

- e artiĕ cial intelligence (AI) tools such as ChatGPT or Large Language Models cannot meet the 
requirements for authorship. Authors who use AI tools in the writing of a manuscript, production of 
images or graphical elements of the paper, or in the collection and analysis of data, must be transpar-
ent in disclosing in the Materials and Methods (or similar section) of the paper how the AI tool was 
used and which tool was used. Authors are fully responsible for the content of their manuscript, even 
those parts produced by an AI tool, and are thus liable for any breach of publication ethics( Author-
ship and AI tools).

Ethical guidelines for Peer reviewers
-  Reviewers are expected to provide insightful comments that assist the editors in making a deci-

sion about whether or not to publish the submitted manuscript.
- Reviewers are expected to maintain the conĕ dentiality of the manuscripts they are invited to re-

view.
-Reviewers are expected to disclose any conĘ icts of interest they have with the authors, companies, 

or institutions associated with the manuscripts they are invited to review. If a conĘ ict of interest exists, 
reviewers should immediately notify the Editor-in-Chief, decline the invitation to review, and suggest 
alternative reviewers.

-  If reviewers feel unqualiĕ ed to review an assigned manuscript or are unable to provide a timely 
review, they should inform the Editor-in-Chief and excuse themselves from the review process. If they 
know of any other expert reviewers, they may suggest them to the Editor-in-Chief through the dedi-
cated email/comments section in the Reviewer Dashboard.

- Reviewers are expected to maintain the conĕ dentiality of the manuscripts they review and not 
discuss any information from the manuscript with anyone other than the Editor-in-Chief, unless they 
have obtained explicit permission to do so.  is also applies to invited reviewers who decline the re-
view invitation.

   - Reviewers are obligated to treat the manuscripts they receive for peer review as conĕ dential and 
must not use any information obtained through this process for personal gain.
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    -Reviewers are expected to provide technical, professional, and objective comments on the man-
uscripts they are invited to review.

    -Reviewers are expected to avoid personal biases in their comments and judgments, and express 
their views clearly with supporting arguments that assist the author in improving the manuscript.

    -Reviewers are expected to identify any relevant published work that has not been cited by the 
authors. If a statement has been previously reported elsewhere, it should be accompanied by the ap-
propriate citation.

    -Reviewers should also bring to the attention of the Editor-in-Chief any signiĕ cant similarity 
or overlap between the manuscript under consideration and any other publications of which they are 
personally aware.

  e process has been explained in the section “Peer Review Process”. 
 
Ethical guidelines for Editor

- e editors should evaluate submitted manuscripts to determine if they fall within the scope of 
the journal. Additionally, the editors should recommend expert reviewers based on their integrated 
recognition of specialized reviewers.

- e Editor-in-Chief is responsible for deciding whether to accept or reject submitted manuscripts 
for the journal.  is decision takes into consideration several factors, such as the judgment of the 
editorial board members, the validation of the work in question, its signiĕ cance to researchers and 
readers, as well as any feedback from reviewers. Furthermore, the decision must also comply with legal 
requirements regarding libel, copyright infringement, and plagiarism, which are currently in force. 
 e Editor-in-Chief works closely with other editors and reviewers to ensure that all submissions are 
fairly evaluated.

- e editors ought to uphold the anonymity of both reviewers and authors.
- e editors should disclose any potential conĘ icts of interest and make eff orts to avoid them. If 

such circumstances arise, they are expected to delegate the handling of the manuscript to another 
member of the editorial board.

- e editors, particularly the Editor-in-Chief, should demonstrate a willingness to investigate cases 
of plagiarism and fraudulent data. When ethical concerns are raised about a submitted manuscript 
or published paper, the editors will take appropriate measures in response. Any reported incidents 
of unethical publishing behavior will be thoroughly examined, even if they come to light years a er 
publication.

-When dealing with cases of suspected misconduct, the Editor-in-Chief follows the COPE Flow-
charts. If an investigation supports the ethical concern, the journal will publish a correction, retrac-
tion, expression of concern, or any other relevant note.

- e editors must not share any information about submitted manuscripts with anyone until they 
are published, as appropriate.

- e Editor-in-Chief and members of the editorial board will not use unpublished materials dis-
closed in a submitted paper for their own research purposes without obtaining explicit written con-
sent from the author.

-Editors are expected to give fair consideration to all manuscripts submitted for publication, eval-
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uating each on its own merits and without prejudice based on the author(s)’ country, race, religion, 
nationality, sex, seniority or institutional affi  liation. Decisions about editing and publishing are made 
solely based on the quality and relevance of the manuscript and are not inĘ uenced by external policies 
of governments or other agencies beyond the scope of this journal.

- e Editor-in-Chief has complete authority over the editorial content of the journal as well as the 
timing of its publication.

Ethical guidelines for Publisher
 “Ferdowsi University of Mashhad press (FUM)” is promising to ensure that the decision on man-

uscript submissions is only made based on professional judgment and will not be aff ected by any 
commercial interests.

- FUM is committed to maintain the integrity of academic and research records.
- FUM is monitoring the ethics by Editor-in-Chief, Associate Editors, Editorial Board Members, 

Reviewers, Authors, and Readers.
-  FUM, together with the Journal’s editors, shall take reasonable steps to identify and prevent the 

publication of manuscripts where research misconduct has occurred, and under no circumstances 
encourage such misconduct or knowingly allow taking place.

- FUM is always checking the plagiarism and fraudulent data issues involving in the submitted 
manuscripts and willing to publish corrections, clariĕ cations and retractions involving its publications 
as and when needed.

-FUM as the publisher supports the Journal for each published issue by paying a deĕ ned budget ac-
cording to its published annual rank in the Portal of Scientiĕ c Journals of Iranian Ministry of Science, 
Research and Technology for costs including those pertaining to setup and maintenance of the pub-
lication infrastructure, routine operation of the Journal, processing of manuscripts through peer-re-
views, editing, publishing, maintaining the scholarly record, and archiving.

Violation of Publication Ethics

 e Editorial board of IJVST acknowledges that plagiarism is unacceptable in any of its forms:
Plagiarism: 
Plagiarism is intentionally using someone else’s ideas or other original material as if they are one’s 

own. Copying even one sentence from someone else’s manuscript, or even one of your own that has 
previously been published, without proper citation is considered by the JAM as plagiarism. All man-
uscripts under review or published with JAM are subject to screening using plagiarism prevention 
so ware (e.g. i enticate).  us, plagiarism is a serious violation of publication ethics.

Simultaneous Submission: 
Care should be taken to ensure that the work has not been published elsewhere, in any language 

and is not simultaneously submitted to other journals.
Duplicate Publication: 
Duplicate publication occurs when two or more articles, without full cross referencing, share essen-

tially the same hypotheses, data, discussion points, and conclusions.
Redundant Publications: 
Redundant publications involve the inappropriate division of study outcomes into several articles, 



IJVST ; VOLUME ; NO.  P E

P E

128

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

most o en consequent to the desire to plump academic vitae.
Data Fabrication: 
Data fabrication means the researcher did not really carry out the study, but made up data or results 

and had recorded or reported the fabricated information. Data falsiĕ cation means the researcher did 
the experiment, but manipulated, changed, or omitted data or results from the research ĕ ndings.

Citation Manipulation: 
Citation Manipulation implies excessive citations in the submitted manuscript that do not contrib-

ute to the scholarly content of the article and have been included solely for the purpose of increasing 
citations to a given author’s work, or to articles published in a particular journal.  is leads to mis-
representing the importance of the speciĕ c work and journal in which it appears and is thus a form of 
scientiĕ c misconduct.

Improper Author Contribution or Attribution: 
All listed authors must have made a signiĕ cant scientiĕ c contribution to the research in the man-

uscript and approved all its claims. Do not forget to list everyone who made a signiĕ cant scientiĕ c 
contribution, including students and laboratory technicians.

Handling Misconduct Cases
 e Editorial board of IJVST takes the necessary measures to examine the incoming papers on their 

originality, reliability of contained information and correct use of citations.
-If any of the unethical publishing behavior is detected by the Journal Editorial board or by one 

of the reviewers, the ĕ rst action is to inform the Editor-in-chief by supplying copies of the relevant 
material and a dra  letter to the corresponding author asking for an explanation in a nonjudgmental 
manner.

- If the infraction is less severe, the Editor, upon the advice of the Committee on Publication Ethics, 
sends the author a letter of reprimand and reminds the JAM publication policies; if the manuscript 
has been published, the Editor may request the author to publish an apology in the journal to correct 
the record.

- If the author’s explanation is unacceptable and it seems that serious unethical conduct has taken 
place, the matter is referred to the Publication Committee via Editorial board. A er deliberation, the 
Committee will decide whether the case is suffi  ciently serious to warrant a ban on future submissions.

Post-Publication Discussions and Corrections
 is journal allows debate post publication on journal’s site, through “Send comment about this 

article” section to the editor up to one month before ĕ nal publication. Our mechanisms for correcting, 
revising or retracting articles a er publication depends on the content of the received comment and if 
the sent comments are useful and applicable for readers/authors, they will be showed under reference 
section of the articles pages.
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PEER REVIEW PROCESS
 
Iranian Journal of Veterinary Science and Technology peer reviews all submitted manuscripts with 
contents within the scope of the journal.

Initial assessment 
 e submitted manuscript will be subjected to a primary review by the editor or a member of the 

editorial board for suitability and relevance of the ĕ ndings to the scope of the journal and quality of 
the science presented in the paper (suffi  cient originality, having a message that is important to the 
general ĕ eld of Veterinary Medicine, quality of data, novelty, English language, and overall manuscript 
quality) within two weeks. If the paper is evaluated to be relevant to the scope of the journal and hav-
ing enough scientiĕ c rigor and novelty, it will be sent for the next stage. Otherwise, those manuscripts 
which are evaluated as not-appropriate in the initial review will be rejected at this stage.  

Initial screen
 e initial screen will be performed by the editorial offi  ce for the structure and format of the manu-
script. 

Peer review (double-blind)
 e manuscripts which are found to be appropriate a er the initial screen will be sent for external 
review by experts in the related ĕ eld. We have prepared a checklist for reviewers that summarizes 
their evaluation of the manuscript.  e items in this checklist are: 
1. TITLE is clear and adequate 
2. ABSTRACT clearly presents objects, methods, and results. 
3. INTRODUCTION well-structured and provides a rationale for the experiments described. 
4. MATERIALS AND METHODS are suffi  ciently explained and is detailed enough to be reproduced. 
5. RESULTS are clearly presented and supported by ĕ gures and tables. 
6. DISCUSSION properly interprets the results and places the results into a larger research context, and contains all 
important references. 
7. Conclusions are logically derived from the data presented. 
8. English Language/style/grammar is clear, correct, and unambiguous. 
9. Figures and tables are of good quality and well-designed and clearly illustrate the results of the study. 
10. References are appropriate. 
11. Regarding this article are you concerned about any issues relating to author misconduct such as plagiarism and un-
ethical behavior. 
12. Comments on the importance of the article. 

Final Decision 
Based on the reviewers’ recommendations a ĕ nal decision is made by the editor and if needed the help 
of a member of the editorial board (depending on the ĕ eld of study). Decisions will include accept, 
minor revision, major revision with and without re-review, and reject. We aim to reach a ĕ nal decision 
on each manuscript as soon as their review results are available.
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