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ABSTRACT

The increasing antimicrobial drug resistance of pathogens, together with the increasing need for new antimicrobial
agents, call for re-evaluate old antibiotic compounds. One of the alternative treatments for multidrug-resistant
bacterial infections is fosfomycin. Toxicopathological effects of fosfomycin compounds have always been a major
concern. There is scant information available about the toxicopathological effects of fosfomycin in the fetus. The
objective of this study is to determine the macroscopic and microscopic lesions of various dosages of fosfomycin in
the chicken embryo since the embryogenesis in chick is similar to human beings. Forty fertile chicken eggs were
divided into five equal treatment groups as follows: Group 1: uninjected group. Group 2: needle-injected group; the
needle was inserted into the yolk sac without any injection. Group 3: phosphate buffered saliigjected group,
whereby individuals were injected with phosphate buffered salireé 0.3 ml/egg. Groups 4 and 5, individuals were
likewise injected with fosfomycin-calcium at dosages of 160 and 320 mg/Kg egg-weight/daily, at days 4, 5 and 6 of
incubation, respectively. Macroscopic abnormality in size, color, feathers, limb and other external body featuresin
embryos were accompanied by pathological changesin brain, liver, kidney, heart and lung. Based on macroscopic
and microscopic findings, it is concluded that fosfomycin at the above-mentioned concentrations are toxic to the
chicken embryo in a dose dependent manner. Further studies are needed to clarify the toxic effects of this drug on
the development of a human fetus.
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INTRODUCTION

The recent emergence of bacterial strains andasarg considerable problem of antimicrobial resistalead to the
idea of finding alternative solutions. One of thestpromising ones is the evaluation of old antibidrugs, despite
the fact that they were previously thought to ks leffective and/or more toxic than newer agertisisTa number
of antibiotic compounds such as fosfomycin, fusid@d and polymyxins are re-emerging for the treatimof

currently prevalent pathogens [5, 16, 17]. Fosfamgompounds have been used across the globe foy years.

Today, they often dispense in the treatment of amjintract infections, soft-tissue infections, baete
spondylodiscitis, osteomyelitis, pediatric canced aepsis [1, 10]. Fosfomycin acts inside the idteytoplasm.

This drug inhibits bacterial cell wall biosyntheslsy acting on the early stages in the synthesis of
murein/peptidoglycan procedures.Despite the ugesbdmycin in human and animal medicine, its ussoisietimes
associated with adverse effects such as rash, tieadabdominal pain, dizziness, nausea, rhinitisvaginitis [17].

Following administration, fosfomycin crosses frome fplacental barrier in humans. In this regard itecessary to
identify the benefits and risks of using fosfomydimring pregnancy especially for the fetus.
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Although increasing consumption of fosfomycin compds are predicted inhuman medicine, there iselittl
information about the teratogenic and toxic effadtshese compounds on the fetus. Thus, the custedty aimed
to determine the macroscopic and microscopic Issafrfosfomycin-calcium in the chicken embryo. ermore,
this basic embryo-toxicological study was perfornredhicken embryo as a model to investigate hardireffect of
fosfomycin-calcium for human fetus since the empgmesis in chick is similar to human beings.

MATERIALS AND METHODS

Hatching eggs
A total of 40 fertile chicken eggs (Marandi bre&dth the average egg-weight of 49.5 + 0.4 g wenelpased from
a local breeder farm. In this farm, birds were kaapd grown up under the standard condition of brnged

Drugs
Pure fosfomycin-calcium was obtained from Jamegdizsmaceutical company, Iran.

Experimental protocol

Eggs were incubated at 37.7°C and 60% relative dityniThe eggs were randomly assigned to five etreatment
groups, 8 eggs each, as follows: Group 1: uninfegteup; embryonated eggs did not receive anyrireat at all.
Group 2: needle-injected group, the needle (22-gpugs inserted into the yolk sac without any itigt Group 3:
phosphate buffered saline injected group, embryzhatgs were injected with sterile phosphate bedfesaline of
0.3 ml/egg into the yolk sac. Groups 4 and 5: egge treated with fosfomycin-calcium at dosage$6if and 320
mg/Kg egg-weight/daily, three times at days 4, & of incubation, respectively. Embryos receitre@gtment by
direct injection into the yolk sac according to standard techniques [9, 14]. Embryos were re-iated post-
treatment and allowed to develop until day 18,rafibich they were collected and examined for maswpig and
microscopic lesions. All treatments and procedureshis study were conducted according to localicath
guidelines, and were approved by the Animal EtiBmmmittee of the Research Council of ShahidBahonar
University, Iran.

Pathological examination

At the end of experiment (on day 18) embryos wenmadmnely killed by placing on ice and then eggs vegrened at
the wider end [11]. After washing in normal saliselution, embryos were observed under stereomiopesto
study any gross abnormalities on the external Isoofface. The membranes and yolk sac were alsodtesheThen,
the tissues of embryos were dissected out and fix@0% neutral buffered formalin. Following rowtipreparation

of tissues, serial sections of paraffin embeddssugs of 5um thicknesses were cut using a microtome (Slee-
Germany) and stained with hemotoxylin and eosinsindied under light microscope.

Statistical analysis

Statistical analysis was performed using SPSS aer20. The Fisher's exact test was used to deterihie
significant differences in lesion occurrence betwegperimental groups. Kruskal-Wallis test was applied to
establish whether there were differences betweeggosf fosfomycin-Ca and pathological findings. Aglue of
<0.05 was considered as statistically significant.

RESULTS

Gross abnormalities of the external body features

The embryos in group 4 (injected with 160 mg fosfom/Kg egg-weight were normal as embryos in grolipg
and 3 and there was not any abnormality in sizircéeather, limb and other external body featuffegires 1 to
2). However, the embryos in group 5 (injected w820 mg fosfomycin/Kg egg-weight) were stunted andar
development. In this group, the embryos were re#-otacolor and feather formation was not compkete normal.
In addition, feet and wings were too small and egemparison to body size were large and buldjgdré 3).
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Fig. 1: The chicken embryo treated with phosphate liffered saline of 0.3 ml/egg into the yolk sac. Thembryo is normal with no gross

lesions of the external body features
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Fig. 2: The chicken embryo treated with fosfomycincalcium at a dosage of 160 mg/Kg egg-weight intogtyolk sac. The embryo is

normal with no gross lesions of the external bodyeftures
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Fig. 3: The chicken embryo treated with fosfomycincalcium at a dosage of 320 mg/Kg egg-weight intoetyolk sac. The embryo is
characterized by stunting, impaired feather formaton, small feet and wings and dark-bulged eyes

Microscopic findings

Histopathological evaluation has been revealedahatrgans were normal in groups 1, 2 and 3. bugr4 (injected
with 160 mg fosfomycin/Kg egg-weight), lung, livend heart were normal while, focal encephalomalacd mild
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tubular epithelial changes were seen in brain aitthdy, respectively. In group 5 (injected with 320y
fosfomycin/Kg egg-weight), the brain was edemat@ml disorganized. In addition, intensive tubulad an
glomerular necrosis were seen in the kidney. Head liver were affected by massive infarction. Lumgs so
destructed that the only remnant of its structuas seen (figures 4 to 13).

Fig. 4:Photomicrograph of the chicken embryo treatd with phosphate buffered saline of 0.3 ml/egg. Naral structure of the liver with
one of the portal areas is seen. x100 H&E

Fig. 5:Photomicrograph of the chicken embryo treatd with 360 mg fosfomycin-calcium/Kg egg-weight. Irénsive hepatic infarction is
seen. x100 H&E
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Fig. 6:Photomicrograph of the chicken embryo treatd with phosphate buffered saline of 0.3 ml/egg. Netto the normal histological
features of the cardiac myocytes. x200 H&E

Fig. 7:Photomicrograph of the chicken embryo treatd with 360 mg fosfomycin-calcium/Kg egg-weight. Masve cardiac infarction is
seen. x100 H&E

Fig. 8:Photomicrograph of the chicken embryo treatd with phosphate buffered saline of 0.3 ml/egg. Naral lung in the chicken embryo
is seen. x40 H&E
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Fig. 9:Photomicrograph of the chicken embryo treatd with 360 mg fosfomycin-calcium/Kg egg-weight. Thenly remnant of abnormal
lung is seen. x100 H&E

Fig. 10:Photomicrograph of the chicken embryo trea¢d with phosphate buffered saline of 0.3 ml/egg. Aentire lobe of the normal
kidney is seen. x40 H&E

Fig. 11:Photomicrograph of the chicken embryo trea¢d with 360 mg fosfomycin-calcium/Kg egg-weight. Btorted and disorganized
kidney with no characteristic normal microscopic stucture. x40 H&E
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Fig. 12:Photomicrograph of the chicken embryo treatd with phosphate buffered saline of 0.3 ml/egg. portion of normal cerebrum and
related meninges is seen. x100 H&E

Fig. 13:Photomicrograph of the chicken embryo treatd with 360 mg fosfomycin-calcium/Kg egg-weight. Borganized cerebellum. No
normal structural layers are seen. x40 H&E

DISCUSSION

Fosfomycin compounds have an increasing role aghbeapeutic agents against multidrug-resistanhqesns.
They have a rapid bactericidal effect and a widgbanterial spectrum [8]. In many countries suchEasope,
Austria, Germany, Spain, France, Brazil, South dsrand Japan fosfomycin has been used succes&fubigveral
decades. The Food and Drug Administration (FDA) dq@sroved oral fosfomycin only for the treatmenuahary
tract infections because of limited fosfomycin-tethclinical research. Nevertheless, consideriegtiiverse effects
of fosfomycin on animal and human health still reéanl be justified.Determining the side effects aigs on the
development of chicken embryo is a useful methadsfadying the biological properties of drugs. Tehés scant
information available about the toxicopathologietiects of fosfomycin in the fetus. The currentdstis focused on
the lesions induced by administration of fosfomyCia in chicken embryo. This research can furthdp ks to
investigate the toxic potential of fosfomycin cormapds in the human fetus.Our results showed gross an
microscopic alteration in chicken embryos exposeddrious dosages of fosfomycin-CA. The lesionswatb a
dose-dependent relationship in the fosfomycin-itg@dcgroups (P<0.05). The worth condition was seerthe
embryos of group 5 (320 mg fosfomycin/kg). In thi®up red-dark color, stunting, impaired feathemfation,
small feet and wings and dark-bulged eyes wererebdeOur study established that fosfomycin-reldatedgcity on
the chicken embryo is directly related to the desagadministration.

In the present study, microscopic lesions were $edmain, kidney, heart, lung and liver of embrytrs human
model, it was showed that fosfomycin distributedl weo the various tissues such as lung, eye, teusone, heart,
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gall bladder, lymph, ascitic and cerebrospinaldfi[ii3]. Based on our results, it was concluded thsfiomycin-Ca

candistribute tobrain, kidney, heart, lung andrlivechicken embryos. Further studies still neetdeaundertaken to
determine the pharmacokinetic of fosfomycin-Ca umian fetus. In the brain, focal encephalomaladen&a and
disorganization were seen. The mechanism behinfbrfggin-induced brain lesions in embryo is not ekac
known. Neurotoxic effects of fosfomycin compoundsch as headache, dizziness, migraine, somnolamck,
nervousness have previously reported [16, 17]. &taderations may be due to cytotoxic propertied adverse
effect of fosfomycinon the central nervous syst@ng). Fosfomycin, due to its small molecular weightl low

protein binding, can cross the meninges and regdifisant concentrations in the CNS [13, 15, 18].

The pathological changes observed in lung were pramh in embryos given the highest dosage of fogfombut
in other groups, lungs were observed normal witlsiga of lesions. It was showed that fosfomycin panetration
into the pulmonary tissues [12].0ur study show thaart lesions can be occur in embryos that treattal
fosfomycin-Ca at a dosage of 320 mg/Kg egg-weigliltfd three times. Fosfomycin has been utilized dardiac
surgery in human, because following cardiac surgeapy pathogens can cause infections. Fosfomyaietpaes
into the valvular, myocardial, muscle and surrongdadipose tissue [13, 18]. Further studies ardegtéo evaluate
the cardiotoxic activity of fosfomycin in human thg surgery and especially pregnancy.This studywsldo
hepatotoxic activity of fosfomycin-Ca in chicken leryos. Fujii et al reported an increase in the lewé SGOT
and/or SGPT, common serum liver enzymes, admieidtevith oral form of fosfomycin[7]. Our findings er
comparable to previous report for fosfomycin drugkn to have hepatotoxic potential in human [6fte current
study, fosfomycin produced histopathological alierss such as tubular epithelial change and nesiodgihe renal
elements. Little is known about the nature of theat damage induced by fosfomycin in embryo andvet-
described experimental model exists. However, ifioua clinical experiments fosfomycin was admirastd for
urinary tract infections [2-4, 19]. It was reportttht large amount of fosfomycinadministered oradlyabsorbed
from the gastrointestinal tract and distributedlifferent tissues. Its low molecular weight givesfbmycin highly
permeability. Fosfomycin is essentially eliminatedctive form through the kidney.

CONCLUSION

Results of the present study describe differertiglagical alterations induced by the administratidriosfomycin-
Ca at different dosages in chicken embryos. Thiseations occurred in a dose-related manner. Tineept study
also advises caution in the extended use of foséinmgompounds. Further studies are needed to glté toxic
effects of this drug on the development of a hufiesuns.
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