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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
At the current stage of healthcare development, the inclusion of 

immunomodulators in the complex pharmacotherapy of various 
immunoinflammatory and viral diseases is widely discussed, 
but due to the lack of sufficient research and a broad evidence 
base, not all drugs with similar properties are used in medicine. 
According to the information obtained from the instructions 
for the use of immunomodulators, it was obtained that the 
main contraindications to their use include the prescription of 
children, pregnant women, and women during breastfeeding. 
In this study, we evaluated the effects of immunomodulatory 
drugs: aminodihydrophthalazindione sodium and meglumine 
acridonacetate, on the early developmental stages of Danio rerio 
(Zebrafish) embryos.
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Introduction.

At the current stage of healthcare development, the inclusion 
of immunomodulators in the complex pharmacotherapy of 
various immunoinflammatory and viral diseases is widely 
discussed, but due to the lack of sufficient research and a broad 
evidence base, not all drugs with similar properties are used in 
medicine [1]. 

Immunomodulators are biologically active substances that, 
depending on the initial state of the immune system, either 
enhance its function or suppress it [2]. Immunomodulators 
are usually prescribed as an adjunct to existing therapy. This 
group of drugs has appeared relatively recently. According 
to the information obtained from the instructions for the 
use of immunomodulators, it was obtained that the main 
contraindications to their use include the prescription of 
children, pregnant women, and women during breastfeeding. At 
the same time, great attention is paid to hypersensitivity in an 
individual to the components of the drug [3].

When reviewing scientific studies, it can be seen that the 
list of authorized immunomodulatory drugs during pregnancy 
is limited and consists of several drugs that are prescribed 
with caution if necessary. Physicians are wary of using 
immunomodulators due to the lack of information on the safety 
of their use during the periods described above [4].

It is difficult to gather an evidence base for the use of 
immunomodulators during pregnancy. The difficulty manifests 
itself in the inability to draw conclusions, since the prescription 
of these drugs is carried out mainly in several states: 

• women during complex therapy of tumor diseases, 
when later on the woman cannot get pregnant due to the 
consequences of the therapy performed or due to age.

• women during complex therapy of viral diseases, when 
fetal death may be observed, but no one usually identifies the 
cause [5].

The danger of many immunomodulatory drugs is that they 
are prescribed over the counter - this creates a significant 
problem, especially in the case of pregnant women, because 
many patients self-medicate various diseases and only as a last 
resort turn to doctors, often when it is already difficult to find the 
correct therapy [6].

The lack of evidence base, the seriousness of contraindications 
to the use of immunomodulators served as a basis for writing 
a research paper. Of the many experimental animals that are 
currently used for preclinical studies, small aquarium fish 
Danio rerio (Zebrafish) were chosen [7]. These fish have been 
gaining popularity in recent years and are rightly considered 
unique experimental models. Danio rerio (Zebrafish) fish have 
a high throughput capacity, transparent embryos, a genome 
70% identical to the human genome, and a rapid development 
cycle, which allows us to study the development of organ 
systems during embryogenesis [8]. In 3 days, fish go through a 
developmental cycle from egg to larva. The fertilization process 
of Danio rerio (Zebrafish) fish is external (not in the body of 
the female), which makes it more accessible and convenient for 
research [9].

The applications of Danio rerio (Zebrafish) are multifaceted. 
Fish are used in the study of cancer, depressive disorders, drug 
intoxication and many others [10].

Based on a number of features, such a model is used to study 
embryotoxicity of drugs, which further allows us to draw 
conclusions about teratogenic effects on the body. Studies 
involving Danio rerio (Zebrafish) fish do not require significant 
time and money expenditures, which contributes to faster 
achievement of the goal, which is why they are often used in 
research and development [8-10].

The aim of the study was to evaluate the effect of 
immunomodulatory drugs: aminodihydrophthalazindione 
sodium and meglumine acridonacetate – on the early stages of 
development of Danio rerio (Zebrafish) embryos.
Objectives of the study:

1. to evaluate the effect of immunomodulators on the embryonic 
development process of Danio rerio (Zebrafish) fishes.

2. to confirm or refute the main contraindication to the use 
of immunomodulators, namely the impossibility of their use in 
pregnancy.

3. to evaluate histologic changes of Danio rerio fish embryos 
from different experimental groups at the stages of 24; 48; 72 
hours from the moment of spawning.
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4. to carry out a comparative analysis of two drugs with 
immunomodulatory activity on the behavior of Danio rerio fish - 
aminodihydrophthalazindione sodium and meglumine acridonacetate.
Materials and Methods.

The study was carried out in the laboratory of the Department 
of Pharmacology and Pharmacy named after academician 
S.V. Anichkov. The object of the study were adult fish Danio 
rerio (Zebrafish) of natural color (n=90), which were specially 
bred for scientific-research work. The fish were placed in 30 L 
aquariums with full equipment, where the conditions necessary 
for their habitat were constantly maintained: temperature 
regime (25-26°C), light regime, air aeration conditions, water 
pH and nitrate level. The nitrate level was important because 
the aquariums, despite being fully equipped, did not contain any 
natural plants, but only artificial ones. 

The following groups were formed (Figure 1): 
• control group (n=30).
• experimental group №1 (n=30) - aminodihydrophthalazindione 

sodium.
• experimental group №2 (n=30) - meglumine acridonacetate.

From a large number of immunomodulatory drugs, two 
drugs were chosen for the study, which are often prescribed by 
physicians but do not have a broad evidence base: 
• aminodihydrophthalazindione sodium is an 

immunomodulatory drug with anti-inflammatory effects.
• meglumine acridonacetate - immunomodulatory, antiviral drug.

In order to achieve maximum bioavailability of drugs in the 
body of fish, the following dosage forms of drugs were chosen:
• aminodihydrophthalazindione sodium - powder for solution 

preparation in vials.
• meglumine acridonacetate - solution in ampoules.

Danio rerio (Zebrafish) fish received the drugs mainly 
through the gills. For each experimental group a certain 
dose of the drug was selected: experimental group №1 
(aminodihydrophthalazindione sodium) - 20 mg, experimental 
group №2 (meglumine acridonacetate) - 50 mg. For the full 
effect of the drug on the body of fish, it was diluted in a 5-liter 
tank of water, where the fish were placed for 30 minutes, every 
other day, for 10 days in accordance with the dosage. After 
completion of the course of drug administration, the fish were 
placed in special tanks to obtain embryos.
Results.

During 10 days the fish received aminodihydrophthalazindione 
sodium and meglumine acridonacetate according to the 
selected dosage. At the first administration of the preparations 
intoxication was noticed, manifested by redness in the area of 
gill arches, which was especially pronounced in experimental 
group №2. On the other days intoxication as well as toxic effects 
were not observed.

The behavior of the fish after application of the drugs was 
evaluated in comparison with the control group. In experimental 
group №1 fish moved throughout the aquarium, quickly 
moving from the lower to the upper level of swimming. In 
the experimental group №2 on the first day of application of 
drugs revealed a slight decrease in the activity of swimming 
fish in the aquarium. After the application of drugs in Danio 
rerio (Zebrafish) fish increased the reaction to food and the 
approach of any object (hand, phone, light) to the aquarium in 
both experimental groups.

The longest in terms of time was the second stage of the study, 
which amounted to 21 days (Danio rerio breeding stage in order 
to obtain embryos).

Figure 1. Research design.
The study included the following stages:
Stage 1: administration of drugs to Danio rerio (Zebrafish) fish and observation of their response and behavior.
Stage 2: breeding Danio rerio fish to obtain embryos.
Stage 3: microscopy of the obtained embryos.
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After the end of exposure of Danio rerio (Zebrafish) fish to 
immunomodulatory drugs, separation into females and males 
was performed. When separating into sexes, attention was paid 
to coloration (males are brighter than females), size (females 
have a rounded abdomen, elongated body shape). The fish were 
then placed in specialized tanks where the spawning process 
of eggs took place. In each tank, 4 females and 8 males were 
transplanted in all studied groups. Feeding was carried out not 
only in the morning but also in the evening. On day 8, rounding 
of the abdomen of the fish in the tanks was noticed, indicating 
the imminent emergence of eggs. After 7 days, the males were 
moved to a common aquarium.

After 20 days of research, no eggs were obtained, considering 
that by all indicators Danio rerio fish were ready to spawn in 
all groups, only in the control group we observed a few eggs. 
Based on this, after analyzing the literature, eggs were obtained 
unnaturally by pressing on the abdomen of the female, with 
most of the females alive.

On day 21 of the study, eggs of Danio rerio (Zebrafish) were 
obtained and placed in three petri dishes, with the highest 
number of eggs observed in the control group, and the group 
that received meglumine acridonacetate had the least number of 
eggs. Methylene blue was added to each of the cups by pipette 
in the amount of three drops per cup. This was done to reduce 
the risk of fungal infection of eggs. It was observed that in the 
group receiving meglumine acridonacetate the eggs inside were 
completely coloured blue, while in the other groups no such 
phenomenon was observed. It is assumed that such an outcome 
of staining was influenced by the composition of meglumine 
acridonacetate namely acridonacetic acid, which gives the drug 
a yellow colour.

The microscopy stage was performed on an optical microscope, 
at a magnification of 40X.

When conducting microscopy of eggs immediately after 
spawning, the usual shape of eggs (rounded shape with 
darkening inside) was observed in all groups under study, the 
development of organ systems did not occur, because in Danio 
rerio fish the development cycle lasts about 3 days and only 
24 hours after spawning the beginning of organ formation is 
noticeable.

Microscopy of eggs 24 hours later showed minor differences 
from the picture obtained immediately after spawning. The 
initial stage of organ laying was not observed.

On the 2nd day (48 hours after spawning) no special changes 
were found, but clear boundaries and pronounced blue-green 
colour were seen in group №2 compared to other groups.

Seventy-two hours after spawning no fry development 
occurred, the same microscopic picture was observed as on 
the first day, which allowed us to conclude that the drugs could 
provoke a disruption of the process of embryonic development. 
In the control group, which did not receive drugs, also no fry 
was obtained, but on the third day a change in the shape of the 
egg and the beginning of the formation of the head and tail of 
the fish was observed.
Conclusion.

It was revealed that the immunomodulators under study 
provoked disruption of the reproduction process of Danio rerio 

Figure 2. Eggs of Danio rerio fish of the control group after spawning.

Figure 3. Eggs of Danio rerio fish of experimental group №1 
(aminodihydrophthalazindione sodium) after spawning.

Figure 4. Eggs of Danio rerio fish of experimental group №2 
(meglumine acridonacetate) after spawning.

Control Group №1 Group №2

Figure 5. Danio rerio fish eggs 24 hours after spawning.

Control Group №1 Group №2

Figure 6. Danio rerio fish eggs 48 hours after spawning.
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(Zebrafish), as in normal course eggs appear on the 10th day 
after enlargement of the fish's abdomen, and in this study, eggs 
were obtained on the 21st day, and by unnatural means, which 
indicates a negative effect on the organism of the pregnant 
female.

One of the main contraindications to the use of both drugs: 
aminodihydrophthalazindione sodium and meglumine 
acridonacetate - has been confirmed. The drugs should not be 
administered during pregnancy.

Microscopy of the obtained embryos evaluated changes 24; 
48; 72 hours after spawning and revealed a delayed process of 
embryonic development. One of the main features of Danio 
rerio fish includes a rapid development cycle, which lasts 3 
days, and on day 3 (72 hours) the same developmental stage 
was observed as on day 1 (24 hours).

A comparative analysis of aminodihydrophthalazindione 
sodium and meglumine acridonacetate on the behavioral activity 
of Danio rerio fish was carried out, in which a slight change in 
the behavior of Danio rerio fish in the group with meglumine 
acridonacetate was observed, manifested in longer and irregular 
swimming.
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