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Szmodits Laszlé Pharmacist (Hungary.
Budapest) Hungarian Pharmacist Jozsef Dorner,
Pre-Eminent Botanist (1808-1873)

Szmodits Laszld

l. [NTRODUCTION

he author describes the kife and scientific work of
Tthe hungaryan pharmacist, J6zaef Dorner (1808-
1873). Dorner worked for 16 years a general
pharmacist. But then turned to a special discipline of his
profession and became an excellent botanist. He

performed at first florristic research, but later
concentrated his attention to plant anatomy and
physiology, by systematic application of the

microscope, be inaugurated a in new aspect in
botanica. Very soon, already in 1853, was Dorner
discussing bioenergetics. He was selected to
Corresponding Member of the Hungarian Academy of
Sciences and was a distinguished botanical expert of
the Roval Association of Natural Sciences. He has had
been estimated as an excellent teacher as well.

Life path until 1849

Jozsef Dorner was of German nationality. Its
original name was Jozsef Thurner junior wohl 1834. The
time of the name change. Was confirmed by a letter
from the Lutheran parish of Gyér-Hungary, Was born in
Gyér on November 2, 1808 (1). His father Jozsef Thurner
senior merchant in Gyér. The mother Susanna Schmidt.
He completed primary scholl at his birthplace and then
an at Lutheran grammar school in Sopron. Here he liked
botany, he studied the flora around Sopron with great
interest (2, 3).

At that time was enough to complete 6 high
school classes to enter the profession of pharmacist. In
1824, they practiced a Hungarian Crown Pharmacy in
Sopron. Here lenamed the Latin names of Medicines
and took part in the formulations Technologist also
performed an opuUeration (4). After 3 three, he passed
the internship successfully. Between 1827 and 1831, he
was an assistant in Pest and Bratislava (today Slovakia,)
the old Hungarian name: Pozsony, German: Pressburg).
After his time an assistant, he enrolled at the University
Vienna, where he obtained a degree in pharmacy in
1832. In Vienna, he met the chief physician Istvan
Endlicher (1804.-1849), a botanist, who had a
significant influence on the Work of of Jézsef Dorner.

Author: e-mail: szmodits.laszlo@t-online.hu

In addition to German, he also spoke French.
He was in contact not only with Hungarian botanists, but
also with many foreing scientitif. He became friendly with
the famous botanist of those times: Jozsef Sadler (1792-
1849) professors of botany at Pest university and Janos
Heuffel phiysicians botanist and Antal Rochel (1770-
1847) warden of the botanical garden ib Pest and
Ferenc Adoll Lang (1795-1863). pharmacist botanist. He
kept up a correspondence with foreign scientists,
including the botanists Eduard Fenzl (1808-1870) of
Vienna and H. G. Ludwig Reichenbach (1793-1873) in
Leipzig, His father bought the Golden Crown Pharnacy
in Bartislava, in 1836. Here owned 4 four, In 1840 he
sold the Pharmacy

Mediated by Antal Rochel in 1835, he visited of
southern Hungary, Banat. He met Janos Heuffel, with
whorn they sesarched the local flora. He euhred his
Herbarium with the plants collected were. His book on
his expencienses was published in 1839, Pressburg.
,.Das Banat in toographisch-naturhistorischer
Beziehung, mit besordener Berdcksichtigung der
Herculesbéder ndchst Mehadia und ihrer Umgebungen.”
It was such a succens that it aroused the interest of
contemporary scientists. This has already been very
much notices in the couuntry. In 1840, he sold bis
chemist's shop and took a post in the health department
of the Governor's Council in Buda. (3,5).

He published two books on chemical
technology: 1. on the theory and practice of vinegar
production. 1841.- 2. the process of brandy with
mashing, making malt and years, Pesth, 1843. (1).

In 1842 the Hungarian Academy of Sciences
announced a tender for the change of the Climate. of
Hungary about, the flora and fauna- Dorner observed
weather data every 2v hours, a day for 5 yerars wird
directions. He also often recorded the temperates of the
water in a well in Buda, Taban. He continued this work
later until 1850. Was valuable because it dealt
extensively with 100 gold honors by Academy in 1847
(5,6, 7).

In 1846 he decided to compile and publish a
manul on the flora of Hungary. Heuffel and Sadler wel-
comed Dorner's plan and offered to collaborate with
him, but due to Sadler's death in 1848 and Heuffel's
illness, the plan was never realized. Dorner could not
undertake the enormous work alone (1, 4).

© 2022 Global Journals
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On March 13 the 1847, was elected a member
of the Royal Hungarian Society of Natural Sciences. As
one of the notabilities of the botanical committee. He
was invited to take over the book collections of the
Society. He organized the enlargement of the collections
trough exhange (8).

In 1848 during the was of indepedence the wars
invited me as a ministerial secretary to the Ministery of
Religion and Public Education. Howewer, after the
capitulation of 1849. He retook privacy, At that time he
devted all his to botany. (3, 9).

His life and work from 1851 until his death

In 1851-53 he gave several lectures in the
Hungarian Society of Natural Sciences: parasitic plants,
fertilization of plants and plant cells (10.11). In 1853 a
book was pulished on grape diseases.

In 1853 he delivered a lecture at the Royal
Hungarian Society of Natural Scienses with the title
»;The plant kindom and nan”. In a paper published in
the journal ,;Uj Magyar Muzeum” (New Hungarian
Museum) hr discussed the Darwinist theory of evolution:

.,The times when botany was confined to the
identification, of genera and species... have passed. The
new science has assumed a higher standing. It no
longer satisfies itself with the classification of forms..., but
seareches for their inner relationships.”

In the paper ,;The plant cell.”. He wrote: ,;The
study of cells in the most remarkable part of the science
of botany, which with the introduction of the microscope
has become a most interesting subject. There exists in
the cell a remarkable moving force, so far physically
unidentified, whereby the cell content spreads in different
ways unnocited in the body of the plant.”

Jozsef Dorner realized that the tissue structure
of plants would only become phenomennon of plants,
which is based on motion and metabolism. At that time
it was still novel in botany.

On December 15, 1858, he was elected a
correséonding member of the Hungarian Academy of
Sciences. The title of his inaugural lecture was: ,;Online
of the history and application of the — microscope.”

In the 1853, He taught natural science
(biological subjects) es in the Lutheran grammar school
in Szarvas, Békés country. The from 1860 in a similar
school in Pest. Both shools taught in Hungarian, but he
also taught Chemistry, Physics, German and French.

Textbooks

1. Elelements of Botany, 1864. Pest,

2. Elememnts of Mineralogy: 1858, 1865, Pest,
3. Elements of Zoology:

— Uninhabited: 1864, Pesth,

— Reptiles, fish, birds. 1863. Pesth,
— Mammals: 1863. 1874, Pesth (2).

© 2022 Global Journals

Dormner  knows  first-hand  scientific  a
acievements of the page. He adcvocated the need for
permonence knowledge.

.We don't want to train botanists and zoologists. We
educate young people enriched with touring back
ground, who are capable of self-education” (9).

In 1855 published an article on the history of the
fertilization of seed plants. He highligted te role seeds
Here (3).

In 1860 he a very interesting arcticle entiiled
», 1he Hungarian Great Plain, especially the area aeound
Szarvas.” Whit a historical introduction, Hungary a
country of peculiarities and extremes. At the time this
settlement was nig village.

Discussed in detail the natural village conditions
(bedrock, climate, agricultural production) and the
situation pessanty. Worked out the population date of
the area. He also pointed and the benefits of
urbanization. Perceived differences in social classes.

.,He described the conditions of the poor and
wastelful lives of the nobles (9).

In one of his last works, he compared the flora
of Pest country that of Lower Austria. This study was
completed with a detailed list of plants (1862).

In  his paper ,,Oak-trees of Budapest”,
published in 1862, he gave a summary of the Quercus
species ocurring in the environs of Budapest on the
based of his observations (3).

In 1863 at the IXth Congress of Hungarian
Physicians and Natural Scientists, held in Pest, Dorner
delivered a lecture on the ,;Cuscuta varieties of the
Hungarian meadow.”

He pointed out that owing, to their parasitic
nature, the dodder, species differ from dicotyledons in
their tissue structure. He presented details of the
germination and development of the dodder, and
mentioned the prevention of dodder infestation. During
the lecture, he showed mature specimens of Cuscuta.
This lecture was a great success and aroused the
interest of many of foreign botanist as well (12).

Domner taught the Hungarian botanical
terminology to Paul Ascherson (1843-1913,) a botanist
from Berlin, who then translades ,;Cuscuta varieties of
Hungarian meadow” into German (5).

In 1868, in one of his last academic lectures, he
came up with som rare plants from Hungary. Anthemis
neilreichii was also detected in Hungary, met was
discovered in Lower Austria a few years ago. He also
founded the species Cuscuta obstugiflora Hunp et Bonl,
which had already disccovered by Paul Ascherson and
Viktor Janka in the Lower Tisza (13).

He was constantly enrchting shholl has. The
grammar shas Budapest kept is herbarium of 48
fascicules, 15 thousand flat. Today it is in the Budapest
Galery of the Natural History-Museum. He also wrote
book rewiews.



Jozsef Dorner's human characteristics, disease, and
death

He was a highly educated, and a very well-
preperaded humble man. He also acknowledged
supertiosus customs. Trough his scholarly figure he can
easly recoggnize superstars habits as well. He was
always a success with the skill of an excellent performer.
He was characterized by beautiful Hungarian speech.
He justified what he had to say, He calced humor to his
performentes. He wo speak to hin listened intetly to hin.

He married in 1845, but had no children from
marriage. His wife died early, so so he lived alone. He
also taught it has long illness. He had an incurable heart
problem.So died on 9 th October, 1873. Fiume Road in
Budapest, his heas still rest in public cemetery todav.
The memory Hungarian Pharmacist Pantheon is
preserved.

[I.  SUMMARY

Jozsef Dorner was one of the first Hungarian
researches in plant morphology snd physiology with a
degree in pharmacy. An thet time, he was not yet able to
teoch anthe university as sn academy. But with a pen
and word, he made great. He was an excellent
instructor. | wrote in English so that, readers could get to
know the work of Hungarian pharmacists.

.. Respect for the greats and noble tradition of the past,
the main guarantee our ascension.”

(Vilmos Milké Hungarian doctor-professor, 1878-1956)
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Pharmaco-Economic Evaluation of the Treatment used in
Ophthalmological Practice
By Shoyusuf F. Shodmanov & Shakhnoza Z. Umarova

Abstract- The most important among the clinical forms of glaucoma is primary open-angle
glaucoma (POAG), which, according to various authors, occurs in 70%-92% of cases. Due to the
high prevalence of POAG, late detection and serious prognosis for visual functions, this disease
occupies a special place in clinical ophthalmology. The aim of the study is to conduct a
pharmacoeconomic evaluation of Tafluprostvs Travoprost in patients with POAG. Materials and
methods of research is pharmacoeconomic methods of analysis, in particular the calculation of
the relative risk, the calculation of the probability of events, cost-effectiveness analysis.
According to the calculated results of pharmacoeconomic analyzes, Tafluprost was relatively less
expensive and more clinically effective than Travoprost in patients with primary open-angle
glaucoma. Alternative treatment with Tafluprost contributes to savings in the overall treatment
procedure. Therefore, we recommend adding Tafluprost to the list of essential medicines.
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Pharmaco-Economic Evaluation of the
Treatment used in Ophthalmological Practice

Shoyusuf F. Shodmanov * & Shakhnoza Z. Umarova °

Abstract- The most important among the clinical forms of
glaucoma is primary open-angle glaucoma (POAG), which,
according to various authors, occurs in 70%-92% of cases.
Due to the high prevalence of POAG, late detection and
serious prognosis for visual functions, this disease occupies a
special place in clinical ophthalmology. The aim of the study is
to conduct a pharmacoeconomic evaluation of Tafluprostvs
Travoprost in patients with POAG. Materials and methods of
research is pharmacoeconomic methods of analysis, in
particular the calculation of the relative risk, the calculation of
the probabilty of events, cost-effectiveness analysis.
According to the calculated results of pharmacoeconomic
analyzes, Tafluprost was relatively less expensive and more
clinically effective than Travoprost in patients with primary
open-angle glaucoma. Alternative treatment with Tafluprost
contributes to savings in the overall treatment procedure.
Therefore, we recommend adding Tafluprost to the list of
essential medicines.

Keywords: pharmacoeconomic evaluation,
ophthalmology, medicines, relative risk, probabilities of
events, cost-effectiveness analysis.

l. [NTRODUCTION

he most important among the clinical forms of
glaucoma is primary open-angle glaucoma

(POAG), which, according to various authors,
occeurs in 70%-92% of cases. Due to the high prevalence
of POAG, late detection and serious prognosis for visual
functions, this disease occupies a special place in
clinical ophthalmology [1].

The proportion of the disease caused by this
type of pathology, requiring surgical treatment, is
generally small. However, the absolute number of
patients with this pathology is quite large: if, in general,
in Uzbekistan, the absolute number of patients (2019)
with various forms of eye diseases was more than 600
thousand people, then with glaucoma the number of
patients was 9,000 [2, 3].

Despite significant advances in the medical
treatment of this disease, the percentage of blindness
and low vision as a result of glaucoma remains stable
and does not tend to decrease. But with the timely
detection of the disease, with the help of drug treatment,
you can reduce the level of intraocular pressure (I0P).

Author a: Researcher, Chief specialist, Department of Registration of
the State Unitary Enterprise “State Center for Expertise and
Standardization of Medicines, Medical Devices and Medical
Equipment”, Tashkent Pharmaceutical Institute, Oybek Street 45,
Tashkent, Uzbekistan.

Author o: Pharmaceutical Institute of Education and Research, Ph.D.
professor, vice-rector.

The issue of introducing a more effective, but less
expensive drug remains relevant [4].

The aim of the study was to conduct a
pharmacoeconomic  evaluation  of  Tafluprostvs
Travoprost in patients with POAG.

[I.  MATERIALS AND METHODS

In this research pharmaco-economic methods
of analysis, in particular relative risk calculation,
probability of events calculation, cost-effectiveness
analysis was performed in order to achieve the purpose
of the investigation.

[11. RESULTS AND DISCUSSIONS

To evaluate the cost-effectiveness of Tafluprost
compared with Travoprost in patients with POAG, a
Markov analytical model was implemented. The
structure of the model was taken from the NICE Guide
(2017). Patients were initially classified into glaucoma
conditions based on visual field characteristics
(Hoddap—-Parrish-Anderson criteria) [5].

To monitor patients for more than 3 years, a 1-
month cycle was used. During a Markov cycle,
members of a cohort may stay at their stage, die, or
progress. Because glaucoma can only be prevented
from worsening further, none of the cohort members can
regress along the clinical path. Based on the HPU
(hectopascal unit of pressure) classification system,
patients were divided using the mean deviation (MD)
value into early (MD less than -6dB), moderate (MD less
than -12dB) and severe (MD greater than -12dB). It was
believed that the main impact of each strategy was to
increase or decrease the risk of developing POAG.
However, according to clinical data, the most detailed
risk factor for treatment outcomes is adjusting for
changes in IOP. To find the relative risk of developing
glaucoma of each of the interventions, a systematic
search was carried out, moreover, the probabilities of
transition between stages were found using another
search in the literature. Since the model assumed that
an increase in IOP is associated with a further increase
in the likelihood of developing glaucoma, this study
showed that costs decrease when the progression of
the disease is inhibited [6, 7].
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Fig. 1: Initial decision tree integrated with Markov model

Several input parameters were used to populate
the model. These baseline data were based on clinical
evidence derived from effective evidence review,
attempting to broadly allocate resources to guideline
updates and supplementary databases. Model inputs
have been reviewed and validated by clinical experts.
More details on sources - clinical outcomes, utilities and
costs are explained below.

Initially, the search was conducted to determine
the likelihood of a treatment-related transition during the
follow-up period. Since all the data obtained reflected a
period of time that exceeded the duration of the cycle in

© 2022 Global Journals

our model, we converted the information into monthly
probabilities (Table 1.). The incremental cost-
effectiveness study presents the annual risk of
progression to routine glaucoma with moderate to
severe clinical treatments. Input parameters were based
on 601 patients followed up for 5 years in the Primary
Glaucoma Treatment Collaborative Study (PGTCS).
Calculation of transition probabilities from early to severe
glaucoma was based on various combinations of
methods, including natural decline, from the study of
early overt glaucoma to the NICE methodology [11]. The
study reported transition probabilities by estimating the



number of months it takes a normal patient to change
from one state of well-being, then to the next, which was
found to decrease in efficiency-adjusted MD
effectiveness each month. IOP and age were identified

as significant risk factors. The total mortality of people
over 65 years of age was obtained from WHO sources
to calculate the Markov model.

Table 1: Probabilities of transition between health states of patients with glaucoma

Glaucoma Stages AT Min Max Author,
probabilities Year
P (early to moderate) 0.003779977 0.003023982 0.004535973 | Reinetal, 2009
Lichter et al., 2001
P (moderate to severe) 0.003779977 0.003023982 0.004535973 | Reinetal., 2009
Lichter et al., 2001
Mortality
Total mortality of the World Health
populaton  over 65 0.000483333 0.000386667 0.00058 Organization, 2016
years of age

Since glaucoma is a chronic disease, it has a
great impact on many stages of a patient's life. Although
glaucoma eventually leads to permanent blindness, the
performance of daily activities and the quality of life
recognized by individuals seriously affect health in the
early stages of the disease. There are many potential
causes of the impact of glaucoma on the patient's
quality of life, such as loss of visual field, stress and
anxiety due to tests in clinics, impairment and cost of
medical care [13]. Many authors have investigated the
impact of illness at health stages on the quality of life of
patients. Utility values for early, moderate, and severe
health conditions in glaucoma were derived primarily
from two studies. The first study included a cross-

sectional study of 434 patients with 5 common eye
conditions,  including  glaucoma.  Computerized
preference scores were used to rate standard utilities
from O (death) to 1 (excellent health). The second study
analyzed the impact of the applied therapy on the utility
of patients with glaucoma. The sample population
consisted of 225 patients in the same age group as in
our evaluation. To the best of our knowledge, a
noteworthy finding from this study is that no interference
was found between treatment and utility of glaucoma.
When reviewing both studies, no rapid discrepancies
were found between beneficial outcomes at different
stages of glaucoma. Table 2 shows the detailed utility
values used in the model.

Table 2: Utility values used in the economic model

Health status Utility Min. Max. Author, Year
Early glaucoma 0.92 0.736 1.104 Lee et al. (2008) and Palette Guedes et al. (2015)
Moderate glaucoma 0.89 0.712 1.068 Lee et al. (2008) and Palette Guedes et al. (2015)
Severe glaucoma 0.86 0.688 1.032 Lee et al. (2008) and Palette Guedes et al. (2015)
Death 0.00

Cost and resource utilization parameters were
obtained from a clinical specialist who works at the
Specialized Research Center for Eye Microsurgery in
Tashkent.

To calculate the monthly intervention costs, we
first derived the annual cost of POAG by multiplying the
average unit cost by the expected resource use. Each
stage of the disease includes the necessary diagnostic
costs, the salaries of medical staff and the weighted
cost of medicines. Average prices for prostaglandin
analogues and eye drop with beta-blockers were
obtained from local pharmacies in Tashkent. After the
early stage of glaucoma, monotherapy with Travoprost
(Travatan 2.5 ml) or Tafluprost (Teflotan 2.5 ml) was
prescribed. However, patients with  moderate
progression are treated with combined beta-blockers
and prostaglandin analogues. The operation is applied
on both eyes in a severe condition of glaucoma. In
accordance with the recommendations of experts, the
frequency of medical diagnoses was set to 4 times a

year, that is, once every three months. In addition, it is
estimated that 15 vials of Teflotan 2.5 ml and Travatan
2.5 ml are consumed annually per patient. Meanwhile,
the patient is annually prescribed 7 vials of timolol
maleate, 5 ml each, and Oftan® Timolol, 5 ml each.
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Table 3: The cost of treatment used in the model

The cost of treatment in one case el STl LB
Cost (UZS) Cost (UZS) Cost (UZS)
Diagnostics and laboratory tests
Visometry Test 21,300 14.910 27.690
Simple optical correction 23,000 16,100 29,900
Biomicroscopy 40,000 28,000 52,000
Simple perimetry 23,000 16,100 29,900
The cost of treatment in one case Medium Minimum Maximum
Cost (UZS) Cost (UZS) Cost (UZS)
Tonometry 25,000 17,500 32,500
Gonioscopy 30,000 21,000 39,000
Direct ophthalmoscopy 30,000 21,000 39,000
Reverse ophthalmoscopy 40,000 28,000 52,000
Consultation 27,000 18,900 35.100
Total diagnostic and lab costs per visit 1,037,200 726.040 1,348,360
Care costper visit (20 min) 2.536 1.775 3.296
Doctor cost per visit (20 min) 4,620 3.234 6.006
Total payroll costsfee 7.156 5.009 9.302
Table 4: Cost of eye drops used in the model
The cost of treatment in Medium Minimum Maximum
one case Cost (UZS) Cost (UZS) Cost (UZS)
Eye drops
Taflatan 2.5ml 90,000 63,000 117,000
Travatan 2.5ml 140,000 98,000 182,000
Timolol maleate5ml 30,000 21,000 39,000
Oftan® Timolo/5ml 25,000 17,500 32,500
Annual cost of intervention | early glaucoma Moderate glaucoma | Severe glaucoma
per patient (UZS) (UzS) (UzS)
Tafluprost 2,415,824 2,800,824 5,815,824
Mopthly intervention cost per 201.319 533,402 484.652
patient
Travoprost 3,165,824 3,550,824 6,565,824
Comparator monthly cost per
patient 263.819 295.902 547.152

Cost-effectiveness study used actual numbers
or averages as model parameters. This strategy gives
the best estimate of the cost-effectiveness of the
Tafluprost intervention, but does not take into account
the uncertainty about model inputs or the likelihood of a
different sequence of events. A widely used cost-
effectiveness measure is to apply the incremental cost-
effectiveness ratio (ICER) when comparing Tafluprost
and Travoprost eye drops.

During the cost-effectiveness analysis, which
gives the best estimate of the cost-effectiveness of
Tafluprost, a sensitivity analysis was performed to
assess the wulnerability of the model and clinical
incidents. To assess the effect of changing one
parameter or the parameter that had the greatest impact
on the model results, we performed a one-sided
sensitivity analysis. When performing a one-sided
sensitivity analysis, the valid ranges of the model input
data were used. This made it possible to evaluate the
individual impact of model inputs on the results. To
conduct the Monte Carlo simulation, the model was run
on a cohort of 1000 patients and the selected inputs

© 2022 Global Journals

were randomly selected based on the assigned
distribution. The results were presented in Table 5, then
looking at the cost-effectiveness threshold at the country
level, the prospects for the appropriateness of the
proposed intervention were assessed.



Table 5: Input range for one-sided sensitivity analysis

Variable . Aclife 2

High Low
Overall mortality in patients over 65 years of age 0.00058 0.00039
Cost discount rate 0.003 0.002
Results discount rate 0.003 0.002
The cost of a severe stage per month Tafluprost $630,047.60 $339,256.40
The cost of a severe stage per month Travoprost $711,297.60 $383,006.40
Likelihood pf switching from moderate to severe 0004535973 0.003023982
glaucoma with Tafluprost
Probablhty of going from early to moderate glaucoma 0004535973 0.003023982
with Tafluprost
Relative risk of Travoprost 1.235337423 0.823558282
Health Benefits of Early Glaucoma 1.104 0.736
Moderate stage cost per month Tafluprost $303,422.60 $163,381.40
Health Benefits in Severe Glaucoma 1.032 0.688
Early-stage cost per month Tafluprost $261,714.27 $140,923.07
Cost of the moderate stage per month Travoprost $384,672.60 $207,131.40
Early-stage cost per month Travoprost $342,964.27 $184,673.07
Benefits of Moderate Health in Glaucoma 1.068 0.712

The results of a one-way sensitivity analysis nearly 6-fold. In addition, when the risk of spending on
suggested that the variable that strongly influenced the  Travoprost in early to moderate glaucoma was modified,
economic model was the utility of the moderate stage of  their ICER showed balanced volatility for both parties
glaucoma. In absolute terms, when the QALY health  per QALY. The results of other models are relatively less
utility of moderate glaucoma declined, ICER increased  sensitive than the above parameters (Fig. 1).

ICER (UZS/QALY)
S ]

Utility of Moderate Glaucoma Health State

Cost of Early Stage per month Travoprost [
Cost of Moderate Stage per month Travoprost [
Cost of Early Stage per month Tafloprost — |
Utility of Severe Glaucoma Health State C
Cost of Moderate Stage per month Tafloprost -] )]
Utility of Early Glaucoma Health State | ]
Relative risk of travoprost  i—
Probability to move from early to moderate glaucoma using il
taflaprost
Probability to move from moderate to severe glaucoma using i
taflaprost
Cost of Severe Stage per month Travoprost i
Cost of Severe Stage per month Tafloprost ]

Outcome discount rate
Cost discount rate
General mortality of patients over 65 years

-7 000 000 000-5 000 000 000-3 000 000 000-1 000 000 000 1 000 000 000
EDOWN mUP

Fig. 1: Results of One-Way Sensitivity Analysis
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The results from the cost-effectiveness analysis
for the reference case are presented in Table 6. On
average, the new intervention dominated by Tafluprost is
less costly and clinically more effective than the

comparator drug (Travoprost). We calculated that a
savings phenomenon could be observed in the
treatment of patients with POAG (compared to the
Brown study).etal.), so ICER was negative.

Table 6: Results of cost-benefit analysis

Strate Average total cost Average overal ICER
& g effect, QALYs UZS/QALY
Travoprost 9,721,341 30.878
Tafluprost 7,582,616 30.880 -1069 362
ICER = (7 582 616 -9 721 341) / (30.880-30.878) = -1 that in the treatment of glaucoma, when using

069 362 UZS/QALY

Next, we performed a budget impact analysis.
According to the results of the analysis, it can be seen

Tafluprost, you can save 2.138.725 UZS (Table 7).

Table 7: The results of the “influence on the budget”

. Pavment the effect influence on
Tran3|tlon y budget, sum A comment
in treatment glaucoma on 5751 341 5138705 o
. y , - =z, y aving
Tafluprost with Travoprost 7582 616 funds

The cost-effectiveness analysis based on the
model showed that the treatment of patients with POAG
with Tafluprost has a dominant advantage over the
reference drug  Travoprost. Despite  marginal
improvement in quality of life, the Tafluprost intervention
resulted in cost savings due to less resource use.
However, it is interesting to note that our results are not
consistent with a recent US study comparing several
prostaglandin analogs in the treatment of patients with
glaucoma. Brown Research et al. (2019) showed that
Tafluprost is more costly and effective than Travoprost.
The additional allowance for the target group was about
US$214,828. However, since the economic study took
into account cost parameters related to a developed
country such as the United States, it is inappropriate to
compare with our findings from the perspective of
Uzbekistan. Our analysis shows that the exclusive use of
Tafluprost rather than Travoprost in the treatment of
patients with glaucoma prevents additional economic
burden. Under these model assumptions, it has been
calculated that delaying progression in early states of
glaucoma may prevent patients from taking additional
glaucoma medications and even eye surgery in
advanced stages of the disease. Based on this, we can
assume that Tafluprost would be the most practical
option in the reference center environment for the
treatment of glaucoma, which would save money for the
healthcare system in Uzbekistan.

The study has many strengths. A short
analytical decision tree and a Markov model were used
to collect epidemiological, clinical, resource utilization,
and outcome estimates. The model included the
likelihood of glaucoma progressing to advanced stages.
In addition, these stages reflect both the clinical and

© 2022 Global Journals

economic consequences of glaucoma. The literature
used to derive the specific parameters in our model is
based on the sufficient size of the observation period
and the target population. We used specific cost data
for Uzbekistan, which was unprecedented in this area
for individual interventions in the treatment of patients
with POAG.

V. CONCLUSIONS

According to the calculated results of
pharmacoeconomic analyzes, Tafluprost was relatively
less expensive and more clinically effective than

Travoprost in  patients with primary open-angle
glaucoma. Alternative treatment with  Tafluprost
contributes to savings in the overall treatment

procedure. Therefore, we recommend adding Tafluprost
to the list of essential medicines.
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Ophtalmologic Cystinosis

Fighi Aissam

[NTRODUCTION

ystinosis is a very rare lysosomal, autosomal
recessive disease (1/200,000 births) caused by a

mutation in the CTNS gene (Chz 17) encoding a
protein  called cystinosine. The intralysosomal
accumulation of cystine induces the formation of
insoluble crystals responsible for progressive multiple
organ failure. Cystinous nephropathy is manifested by
failure to thrive, Fanconi syndrome, damage to the renal
glomerulus and manifestations affecting other organs
appearing as early as 6 to 12 months of life. The specific
treatment for cystinosis is cysteamine .The management
is multidisciplinary.

We report the case of a boy, aged 6 years,
followed for cystinosis diagnosed at the age of 18
months with polyuropolydipsic syndrome. The patient
has been treated with oral cysteamine (Cystagon) since
the age of 2 years.

On the ophthalmological levelhis corrected
visual acuity is evaluated at 10/10 P2 ODG, and the
intraocular pressure is at 12 mmHg in both eyes. The
main complaint of this patient is photophobia. he is
treated with cysteamine eye drops (Cystadrops®) at a
dosage of 4 drops per day and additional treatment with
artificial tears. With the slit lamp, we find a corneal
cystinosis of grade 1.50 according to the classification
of Gahl (figure 1): deposits of birefringent spindle-
shaped crystals accumulating in the corneal stroma,
and progressing from the anterior stroma to the
endothelium. The appearance is sparkling and
multicolored on biomicroscopic examination.

The severity of the corneal involvement can be
assessed by corneal OCT.

The fundus does not show retinopathy.
Cystinosis retinopathy is very inconstant. Crystal
deposits are sometimes found all over the retina,
associated with  depigmentation and which can
progress to retinal atrophy. It can be explored by retinal
angiography. The crystals can also deposit on the
conjunctiva, iris, ciliary body, anterior lens capsule,
choroid or optic nerve and cause various rarer
manifestations, such as glaucoma by closing the angle,
papillary edema or visual field changes.

Ophthalmologic  monitoring  for  cystinosis
should be annual, with visual acuity assessment, Gahl
score estimate supplemented by OCT imaging of the
cornea, measurement of intraocular pressure and
fundus examination.

Author: Hospital Militaire Rabat Maroc. e-mail: fighiaissam@gmail.com

This case illustrates a well-followed patient who

is coping well with his illness.
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Figure 1: Corneal crystal deposits.
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Nargiza Abdumajidovna Abdurakhmanova * & Yokut Saidkarimovna Karieva °

Absiract- Research is carried out on the development of
technology for the dry exiract of the choleretic collection
"Triflos" by the method of mathematical planning of the
experiment. In this case, the method of a four-factor
experimental plan based on a 5x5 Greek-Latin square is used.
The use of short-term ultrasonic exposure to intensify the
extraction of target groups of biologically active substances is
scientifically substantiated. The proposed technology is tested
in industrial conditions. The dry extract yield was 21%.

Keywords: choleretic collection "Triflos", dry extract, the

degree of grinding of raw materials, extractant,
temperature,  hydromodule,  circulating  extraction,
ultrasound.

l. [NTRODUCTION

he Decree of the President of the Republic of
TUzbekistan Shavkat Mirziyoyev "On measures to

further improve the provision of the population with
medicines and medical products" dated October 31,
2016 is an important factor in expanding the scope of
work in the pharmaceutical industry. This document
outlines important tasks for increasing the localization of
pharmaceutical production by expanding the use of
local raw materials, in particular, medicinal plants, and
improving the delivery of quality medicines to the
population at affordable prices.

One of the tasks provided for in the Decree of
the President of the Republic of Uzbekistan dated April
10, 2020 No. 4668 “On additional measures for the
development of traditional medicine in the Republic of
Uzbekistan” and No. PP-4670 “On measures for the
protection, cultural cultivation, processing of wild
medicinal plants and rational use of available resources”
is the organization of cultivation and harvesting of plants
and raw materials of non-plant species used in
traditional medicine, conducting laboratory and scientific
research in this direction, increasing the export potential
of the industry, as well as integrating education, science
and production processes. In this regard, the Tashkent
Pharmaceutical Institute is carrying out consistent work
to ensure the implementation of the priority tasks
outlined in the resolutions.

Author: Tashkent Pharmaceutical Institute.
e-mail: nargiza_24.10.1975@mail.ru

One of the promising directions in the field of
drug development is the creation of phytopreparations
for the treatment and prevention of these diseases.
More active usage of phytopreparations, both alone and
in combination with synthetic drugs, depending on the
severity and nature of diseases, will contribute to the use
of drug-saving technologies in clinical practice. Natural
biologically active substances of plants are evolutionarily
closer to the human body than synthetic ones, they are
easily included in metabolic processes and have
practically no side effects, and many of them are
precursors of physiologically active substances
(hormones, mediators). Recent studies have shown that
the healing properties of medicinal plants depend on the
harmonious interaction of all active substances, which
together have a broader effect than individually.

In this regard, studies on the conversion of
collections and individual plants used in the form of
infusions and decoctions into total preparations-
extracts are very promising, since the possibility of their
wider use is limited by the imperfection of the dosage
form [1,2].

Summarizing the above, we can conclude that
the creation of medicines and dietary supplements
based on medicinal plant materials using a resource-
saving extraction method (due to the maximum
depletion of raw materials) is timely and relevant and
corresponds to the social order of clinical medicine.

Given the above, the Tashkent Pharmaceutical
Institute has developed a choleretic collection “Triflos”,
consisting of the following types of herbal medicinal raw
materials: flowers of tansy false yarrow, flowers of
chamomile, yarrow herb. To date, studies are carried out
on its standardization, the establishment of quality
standards, as well as the study of specific activity and
safety. Cholagogue collection when tested on laboratory
rats showed more than 50% increase in bile secretion
[3]. The pharmacotherapeutic effects of this collection,
which mainly consist in the regulation of phospholipid
metabolism in the liver and the normalization of bile flow
due to the antispasmodic effect on the sphincter of the
gallbladder, according to the opinion prevailing in the
literature, is determined by the presence of a number of
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phenolcarboxylic acids and flavonoid compounds. So,
in the composition of the collection components, along
with essential oils, terpenoids, bitter and tannins, resins,
organic acids and mineral salts, the presence of
chlorogenic, rosmarinic, caffeic, ferulic acids and their
corresponding glycosidic derivatives, as well as
flavonoids: quercetin, luteolin, acacetin, apigenin and
their glycosides. These literature data were confirmed by
us experimentally [4].

The purpose of our research is to develop an
optimal technology for obtaining a dry extract from this
collection using the method of mathematical planning of

biologically active substances (BAS). These extraction
schemes also include factors that affect the
completeness of extraction of biologically active
substances, such as the nature and concentration of the
extractant, the ratio of raw materials and extractant,
temperature, type of extraction, etc. [5-18].

In order to facilitate the laborious process of
finding the optimal conditions for extraction, we decided
to apply the method of mathematical planning. Based
on the characteristics of the technology for obtaining a
dry extract, we chose a four-factor experimental plan
based on a 5x5 Greek-Latin square. At the same time,

the experiment. the influence of the degree of grinding of raw materials
(factor A), the concentration of ethyl alcohol (factor B),
the hydromodulus (factor C) and the temperature
regime (factor D) on the completeness of the yield of the
sum of flavonoids in terms of quercetin in extraction is
studied [19].

Factors and their levels are given in Table 1.

I1. EXPERIMENTS AND ITS RESULTS

Currently, there are a large number of various
extraction schemes designed to increase the yield of
active substances, ensure maximum depletion of raw
materials and enrichment of the extract with target

Table 1: Factors and their levels used in the experiment

Factor and its levels | Factor value Factor and its levels | Factor value
The degree of grinding of raw materials (factor A) Ethyl alcohol concentration (factor B)
a, 2-4 mm b, 50%
a, 5-7 mm b, 60%
ag 8-10 mm b, 70%
ay 11-13 mm b, 80%
as 14-16 mm by 90%
Hydromodulfactor (factor C) Temperature factor (D)
o 15 d 40°C
Co 1:10 d, 50°C
Cy 115 d, 60°C
c, 1:20 d, 70°C
Cs 1:25 d, 80°C

The 5x5-experiment plan and the results of determining the quantitative content of biologically active
substances (the sum of flavonoids in terms of quercetin) are presented in Table 2.

Table 2: The yield of the sum of flavonoids in terms of quercetin in the extract in a four-factor plan 5x5 with three
repeated experiments, %

Factor B
Factor A Totala
b, b, b, b, b, otala,
C,d, C,d, Csds c,d, Csds
a, 1,22 2,15 2,14 1,36 1,04
1,28 2,09 2,17 1,41 1,09
1,21 2,19 2,11 1,33 0,99
3,71 6,43 6,42 4,1 3,12 23,78
¢, Cyd, C,ds Csd; c,d,
a, 2,15 1,89 2,02 1,56 1,62
2,11 1,93 2,06 1,52 1,59
2,17 1,84 1,97 1,6 1,67
6,43 5,66 6,05 4,68 4,88 27,7
Cys c,d, Csd, C,d; c,d,
as 1,3 1,55 1,76 1,67 1,62
1,34 1,61 1,71 1,74 1,67
1,26 1,52 1,8 1,66 1,59
39 4,68 5,27 5,07 4,88 23,8
c,d C:d, c,d, C,0s cd,
a, 1,3 1,69 1,56 1,5 1,24
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1,34 1,65 1,61 1,52 12
1,26 1,73 1,51 1,47 1,27
39 5,07 4,68 4,49 3,71 21,85
Csd, c,d; C,d, Cyd, Cc,dy
as 1,01 1,24 1,76 1,37 1,57
1,09 1,29 1,73 1,41 1,59
1,02 1,18 1,77 1,32 1,52
3,12 3,71 5,26 4.1 4,68 20,87
Total B, 21,06 25,55 27,68 22,44 21,27
Cy 22,05 27,49 23,79 23,41 21,26 118
D, 22,04 24,58 27,67 22,44 21,27

Before carrying out the analysis of variance, the
homogeneity of the variance was checked using the
Cochran test. The tabular value of the Cochran test for
f1=2 and f=25 is 0.22, i.e., uexp, equal to 0.0709, is

less than the tabular one, which confirms the equal
accuracy of the experiments. Analysis of variance of the
obtained results is presented in Table 3.

Table 3: Dispersion analysis of experimental data to determine the yield of the total flavonoids in the obtained

extracts
Number of
Source of dispersion degrees of Sum of Mean F oot Fo.os Hypothesis
freedom (f) squares (SS) | squares (MS) P '
Factor A 4 2,245 0,56125 328,0885 2,56 a=0
Factor B 4 1,82652 0,45663 266,931 2,56 b=0
Factor C 4 1,538827 0,384707 224,887 2,56 c=0
Factor D 4 1,782227 0,445557 260,4579 2,56 d=0
Remainder 8 0,15216 0,01902 11,11847 2,13 res=0
Errorinsidecell 50 0,085533 0,001711
Totalamount 74 7,630267
The obtained values Fexp>Ftabl, which It is known that the ratio of vegetable raw

indicates the statistical significance of all four studied
factors. The value of Fres.in.cell indicates the presence
of an interaction between the factors.

Using Duncan's multiple rank test, the
differences in the average values of the data on the yield
of the total flavonoids in the obtained extracts are
studied. It is established that according to the influence
of the degree of dispersion of plant raw materials on the
response, they can be arranged in the following row: al
= a2 = a3> a4> a5, i.e. the optimal degree of grinding
of raw materials, providing the maximum vyield of the
sum of flavonoids, are 2-4 mm, 5-7 mm and 8-10 mm.
However, taking into account the fact that the excessive
dispersity of plant raw materials will ensure the release
of not only biologically active, but also ballast
substances, which, accordingly, will lead to a
contaminated extract, we decided to use raw materials
in further studies, the dimensions of which are in the
range of 5-7 mm [20, 21].

The influence of the next studied factor - the
concentration of ethanol used as an extractant, can be
arranged in the following row: b2 = b3>b4>b5>b1,
Thus, ethanol at a concentration of 60% and 70% is the
optimal extractant. For the purpose of economic
feasibility, our choice was stopped at 60% ethyl alcohol.

materials and extractant has a significant impact on the
yield of biologically active substances in the obtained
extracts. This was confirmed by the results of our
mathematical planning. It was found that almost the
same output with a slight difference was obtained with a
hydromodulus of 1:10, 1:15, 1:20. In order to save the
extractant, we recommend the use of a hydromodule
equal to 1:10.

The application of the Duncan rank criterion
also helped to reveal the influence of the temperature
factor on the yield of the sum of flavonoids, this series
can be represented as follows: d2 = d3>d4>d1>d5,
thus, the temperature of 500C was chosen as the
optimal one.

An analysis of domestic and foreign literary
sources indicates that the short-term use of ultrasound
in the extraction of plant materials stimulates the release
of biologically active substances [22, 23]. Given the
above, we carried out extraction from the composition of
medicinal raw materials, culminating in 10 minutes of
ultrasonic exposure. At the same time, an increase in the
yield of the total flavonoids in terms of quercetin is
observed from 2.34% to 2.6% (1.11 times).

Thus, the proposed technology for obtaining a
dry extract from the Triflos choleretic collection is tested
under industrial conditions at BALZAM LLC.

© 2022 Global Journals

E Year 2022

(B)



Global Journal of Medical Rescarch ( B) Volume XXII Issue II Version I E Year 2022

The industrial extractor, on which the proposed
technology was tested, consists of:

1) Main tank. This is the extraction tank, which is the
main element of this system. It mainly serves to

2) A condenser, which serves to cool and return the
condensed liquid to the extraction tank;

3) A vacuum condenser, which serves to concentrate
and collect the resulting extract;

extract biologically —active substances from 4) A tank for collecting the extractant (used as a
medicinal plant materials; collection) (Fig. 1).
4
1
6
1 5 |
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Fig.1: Scheme of the extractor "RUIAN XUANLI MASHINERY TANK". 1-extractor with built-in ultrasonic device; 2-
vacuum concentrator; 3-collection; 4- capacitor; 5- loading hopper; 6- refrigerator; 7- tank for alcohol recovery; 8-

vacuum pump

This equipment can carry out several operations
simultaneously; control and regulation of the
temperature regime of the extraction process, use
ultrasound, create a vacuum, condense the extractant,
recover alcohol, etc.

To obtain a dry extract, medicinal plant raw
materials, crushed to a size of 5-7 mm, are weighed and
mixed in the ratio: tansy flowers - 15 parts, chamomile
flowers - 10 parts, yarrow herb - 10 parts. The mixture of
vegetable raw materials was loaded into a special
container and soaked with half the amount of 60% ethyl
alcohol until a “mirror surface” is formed, left for 24
hours. After soaking, the soaked raw material is
transferred to the extractor and 60% ethanol was added,
bringing the raw material-extractant ratio to 1:10, the
mixture was heated to 500C, and circulation extraction
was carried out in the RuianXuanli Machinery Tank
extractor. Next, ultrasonic extraction is performed for 10
minutes. After the vacuum extraction process is
completed, the liquid extract is pumped through the filter
into the reactor and left for 24 hours to settle. Purification
of the distillation residue of the water-alcohol extract is
carried out by filtration.

© 2022 Global Journals

Then, the extractant was distilled off in the
reactor using vacuum for 3 hours. The extract remaining
after distillation of the extractant was spray dried in a
high-speed spray dryer "LPG-15 Spray Dryer"
(manufactured by RuianXuanli Machinery Co., LTD).
(Fig. 2).
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Fig. 2: Spray dryer "LPG-15 HIGH SPEED SPRAY DRYER"

As a result of the research, a light brown dry
extract with a weak specific odor and a bitter taste is
obtained. The dry extract yield is 21+1.53%.

[11. CONCLUSIONS

1. Using the method of a four-factor experimental plan
based on a 5x5 Greek-Latin square, the choice of
the degree of grinding of raw materials, the
concentration of ethanol, the ratio of raw materials
and extractant, the temperature regime in the
development of the technology of dry extract of the
choleretic collection "Triflos" is carried out. The
results of dispersion analysis shows that the most
complete yield of the sum of flavonoids is observed
with the following indicators of the above factors:
dispersion of raw materials -5-7 mm, 60% ethyl
alcohol, hydromodulus 1:10, temperature 500C.

2. The expediency of using ultrasonic treatment for a
more complete recovery of target biologically active
substances is scientifically substantiated.

3. This technology of circulating extraction using
ultrasound is tested in industrial conditions. A dry
extract is obtained, the yield of which was 21%.
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Water Contamination by Nitrates and its Thyroid
Disruptive Action. Bioassay on Xenopus Laevis

Maria Fernanda Modarelli *, Rodrigo Miguel Bilbao ° & Osvaldo Juan Ponzo?

Abstract- Background: Groundwater could vehicle substances
that have shown to have a thyroid-disrupting action.
Amphibians are used as bioassays to analyze changes that
these disruptors generate during metamorphosis.

Objectives: To assess the thyroid disrupting action of
groundwater contaminated with nitrates and arsenic, by
means of a bioassay of chronic toxicity in Xenopus laevis
larvae.

Methods.: Three experimental groups immersed in water:
Control group (C) (n=13) filtered drinking water, Exposed
group (E) groundwater (n=18) and Positive Control group
(PC) (n=18) filtered drinking water added with 0,007 mg/| of
potassium perchlorate. A water physicochemical analysis was
performed. The duration of metamorphosis stages, total body
length, mortality per group, weight and height were
morphologically evaluated. The colloid volume, degrees of
hyperplasia, and height of the follicular epithelium of the
thyroid gland were histologically evaluated. At molecular level,
NIS thyroid symporter protein expression was measured.

Resulfs: The groundwater physicochemical analysis showed
the presence of nitrates (values between 24 and 83 mg/l) and
arsenic (0.05 mg/l). Prometamorphosis was longer in group E
Vs C (p<0.0001). In PC only three animals completed this
stage (p<0.0001). Weight was in increasing order E<PC<C
and height E<PC<C (p<0.05). Mortality recorded per group
was: 10% in group E exclusively (p<0.0001). Changes could
be noticed in the thyroid glandular histoarchitecture at stage
58NF: hyperplasia grade 1 in C, grade 2 in E and PC
(p<0.0001). The colloid area and the height of the follicular
epithelium were in increasing order PC<C<E (p<0.0001). The
level of expression in the larval thyroid tissue of NIS symporter
was in increasing order C<PC<E (p<0.0001).

Discussion: Changes observed in the thyroid gland, as well as
the morphological alterations, of Xenopus /laevis larval
development at stage 58NF, could be related to the presence
of nitrates and arsenic in the groundwater which cause a
synergic disruptive action on the thyroid.

Keywords: endocrine disruptors - xenopus - groundwater
- nitrates — thyroid.
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L. [NTRODUCTION

~ ndocrine disruptors (EDs) affect the normal
=== function of the endocrine system, by interfering
— With the synthesis, storage, transport, circulating
levels, peripheral action and catabolism of hormones.
Thyroid disruptors (TDs) are a group of chemical
substances that affect the hypothalamus-pituitary-
thyroid (HPT) axis in different ways, for example through
their capacity to decrease the circulating levels of
thyroid hormones (Brucker-Davis F. 1998), or acting
directly on their receptors as well as on the enzyme or
plasmatic carriers which play a significant role in the
mediation of its action (Howdeshell KL. 2022) in humans
as well as in animals (Colborn T. et al. 1993).

Contaminated groundwater could vehicle
different EDs as nitrates, perchlorates and thiocynates,
among others (Zewdie T. et al 2010). Endemic areas of
hypothyroidism and goiter with no iodine deficit have
been described, being a probable cause the presence
of EDs in the water drank by the population living in
those areas (Andrada l. et al. 2009).

The correct thyroid function involves a proper
activity of the sodium/iodide symporter (NIS) at thyroid
follicular cells. In mammals and amphibians, thyrotropin
(TSH) stimulates NIS expression being involved in this
transcription factors as PAX-8, TFF-1 and TTF-2 (Dohan
O. et al. 2003). The NIS symporter inhibition interferes
with iodine uptake, decreasing the synthesis of
triiodothyronine (T;) and thyroxine (T,) which results in a
TSH increase. Consequently, a higher stimulation in an
attempt to compensate the hormone synthesis, leads to
the development of goiter (Crofton K. et al. 2005).

During the spontaneous amphibian
metamorphosis, the NIS mRNA expression is low in pre-
metamorphous tadpoles and it increases throughout
prometamorphosis, as the same time as the increase of
mRNA expression of TSH beta subunit (TSHb) at
tadpole hypophysis, thus suggesting a TSH regulation in
the NIS expression (Opitz R. et al. 2006). Moreover,
thyroid hormones play a fundamental role in amphibian
and on human fetus development (Zoeller RT. et al.
2004).

Amphibian larvae are used as bioassays for
being highly sensitive to the action of different
substances present in water, even in LOAEL (Lowest
Observed Adverse Effect Level) and NOAEL (No
Observed Adverse Effect) concentrations (FETAX.
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2000). The metamorphosis of these animals is a
process that depends on thyroid hormones, being this
influence higher during the prometamorphosis and
climax stages (Tietge JE. et al. 2005). In a short period
of time larvae suffer structural, physiological,
biochemical and behavioral transformations due to T,
action and to the conversion of T, into T, in the target
organs. These alterations are accompanied by changes
in thyroid gland volume, height of follicular epithelium,
colloid reabsorption level and iodine uptake. These
processes are regulated by T, which secretion increases
at prometamorphosis onset and continues rising up to
the end of metamorphosis (Miranda LA. 1995), to
achieve tail resorption. In the case of Xenopus laevis the
thyroid gland becomes operational at
prometamorphosis onset (Nieuwkoop PD et al. 1967),
similar to what happens with other anurans (Saxen L. et
al. 1957).

Disorders which involve iodine transport and
lead to a change in the thyroid hormone synthesis, may
cause changes in the growth and metabolism during
amphibian metamorphosis, as well as in humans (Shi
YB. et al. 1996). Because of this, Xenopus laevis larvae
can be used as a biologic model to study “in vivo” the
biological effect of endocrine disruptors (EDs), by
evaluating the morphological and functional changes
normally induced by thyroid hormones (THSs).

This study proposes that the immersion of
Xenopus laevis larvae "in vivo" in groundwater could
cause morphological, histological and biomolecular
changes which are the result of the presence of
endocrine disruptors (EDs) in such water under study
(Modarelli MF. and Ponzo OJ. 2018).

[I. METHODS

We experimented with Xenopus laevis larvae
from the Endocrinology Laboratory of the Institute of
Physiology, School of Medicine, University of Buenos
Aires. Larvae used for this experiment were obtained
after amplexus (of adult specimens), of only one spawn.
Samples from healthy specimens with no malformations
and with a homogenous size were selected in
accordance with ANFICOR guidelines (Herkovits J. et al.
1999). Selected specimens were placed in transparent
containers; one larva by each 500 cm?® of water, held in
stable conditions on a 12 h light: 12 h darkness
photoperiod, temperature: 22° C + 2° C and pH: 7.2 to
8, in filtered drinking water with extraction of chlorine by
carbon filter, and were fed ad libitum with balanced
feeds (Sera Micron). To reduce specimen stress, the
same person changed the water and controlled larvae
each 48 h. The protocol was approved by institutional
animal care and use committee (CICUAL/UBA:
0003598/2013. Res. 700).
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a) Experimental Design

Larvae were divided into 3 treatment groups: a)
Control group (C) (n=13) immersed in filtered drinking
water; b) Exposed group (E): immersed in 30-meter-
depth well groundwater from the southern suburbs of
Buenos Aires, Argentina (n=18); Positive Control group
(PC). immersed in filtered drinking water added with
0,007 mg/l potassium perchlorate (KCIO4) as NIS-
inhibiting  thyroid  disruptor  (n=18). All animals
underwent 70-day-period treatment. Partial study cuts
were made at premetamorphosis, prometamorphosis
and climax stages, using Niewkoop and Faber (NF)
criteria (Nieuwkoop PD et al. 1967) to determine those
different stages. Mortality per group was recorded and
morphological changes in larvae such as: total time of

metamorphosis, time of premetamorphosis,
prometamorphosis, climax, weight and height
(Organization  for economic  Co-Operation and

Development. (OECD). 2004) were analyzed. Moreover,
thyroid gland histological changes were evaluated like
colloid area, height of follicular cell, number of follicles
per field, hyperplasia and hypertrophy (Grim C. 2007).
Finally, NIS symporter protein expression in the thyroid
tissue was studied using Western Blot technique.

b) Histological Technique

Larvae were sacrificed by immersion in MS222
(200mg/l) solution for later histological and biomolecular
evaluation. For histological analysis after specimen
sacrifice, tissues were fixed in Bouin solution during 24 h
and then subjected to a dehydration process with
successive passages of 15 min each in increasing
alcohol concentrations (70%, 96%, 90%, 100% and Xilol)
to be finally embedded in paraffin blocks for staining.
The histological slices were 5-micron-thick and dewaxed
with Xilol for 15 min, to be later rehydrated by
successive passages of 10 min each in decreasing
alcohol concentrations (100%, 96%, 90%, 70%). For
staining it was used the Hematoxylin and eosin
technique.

c) Western Blot

After thyroid extraction by removing lower jaw
and a small part of the hyoid bone, samples were
homogenized by sonication under refrigeration in lysis
buffer (Tris 1,514 g, SDS 6 g and 2 beta
mercaptoethanol 5 ml for 200 ml, pH 6.8) and Protease
Inhibitor ~ Cocktail (Pierce  Biotechnology Inc.,
Massachusetts, USA) in a ratio of 10 uL per 1 ml of
tissue. The supernatant solution was placed at 100°C
(boiled in water) for 5 min and then centrifuged at 1600
rom. The sample protein quantity was measured with
Bradford method. Then it was carried out an SDS-PAGE
in 12% polyacrylamide gel under denaturing conditions,
in an electrophoresis cell (BioRad Mini Protean 3 Cell)
for 90 min at 120 volts with transfer buffer (Tris 25mM;
glycine 0.2 M; SDS 0.1% and pH 8.3). The loading
volume per each sample was 10 to 20 ul. The volume
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was decided in relation with the protein quantity present
in each sample. Each sample was diluted in loading
buffer in a ratio of 1:2 (Tris-HCI 0.065 M, SDS 3%,
bromophenol blue 0.1%, B-mercaptoethanol 5% and
10% glycerol, pH 6.8). Beta actin was used as loading
control. Afterwards humid electro transference and
immunoblotting were performed. For the electroblotting
(electrotransfer) a Polyvinylidene difluoride (PVDF)
membrane (Amersham, UK) and a cell with transfer
buffer were used (25 mM Tris, 192 mM glycine and 20%
methanol) for 1 h at 100 mv. Subsequently, three
washes were carried out of 5 min each with TBS 1X
(TrisHCI 20 mM, NaCl 150 mM pH 7.8) and it was
blocked with a TBS solution with Tween-20 0.2% (TBS-T)
and 5% p/v of skim milk (Svelty) for 1 h at room
temperature (shaking). The membrane was incubated
with rabbit polyclonal primary Anti COOH-terminus NIS
antibody (Millipore Corp. USA, CAT #ABC1453) at a
1:500 dilution overnight at 4°C and subsequent three
washes with TBS-T and one with TBS of 5 min each.
After blocking the membrane during 30 to 40 min and
subsequent washes with TBS-T of 5 min each, it was
incubated for 1 h at room temperature (shaking) with
secondary antibody conjugated with peroxidase 1:1.500
of mouse anti-rabbit polyclonal. Finally, in order to
perform detection by chemiluminescence three washes
with TBS-T and one with TBS of 7 min each were carried
out. After the last wash the membrane was incubated for
5 min with the reagent for enhanced chemiluminescence
(ECL) (Biorad, cat #170-5060 USA) and it was exposed
to X-ray plate (Kodak and GE) during 1 to 5 min and
further plate development in darkroom. The developed
signal was quantified with software for image analysis
Scion Image Version beta 4.0.2.

d) Water analysis

A groundwater sampling from wells of different
depth (30 to 60 meter-depth) located in the studied area
(Pampeano aquifer) was carried out. The different types
of analyzed water (groundwater and filtered drinking
water) used in the experiments were storage and
transported, sealed and refrigerated to the place where
the experiments were performed in new plastic bottles of
mineral water emptied and later rinsed with the collected
water. Then, the bottles were filled up to the total
capacity, no air gap between the lid and the content,
and transported refrigerated to the place of processing.
All water samples underwent a microbiologic and
physiochemical analysis at the National Institute of
Industrial  Technology  (INTI-Parque  Tecnologico
Miguelete, Argentina).

To determine the presence of nitrates it was
used ion chromatography technique by Metrohm’s 881
Compact, column Metrosep A 150/4mm, with carbonate
/bicarbonate  eluent, chemical suppression with
conductivity detection, and calibration by peak area. For
other analyzed parameter APHA-methods 2340 were

used according to the standard analysis of water for
human consumption (Standard Methods for de
Examination of Water and Washwater. 1995). Reference
values for water for human consumption are those of the
Argentine Food Regulations. The term Undetectable
was used for concentrations below the detection limit
(DL) of the method of analysis.

e) Statistical analysis

Parametric one-way ANOVA tests were
performed for the statistical analysis regarding
morphology, histology and biomolecular parameters.
The normal distribution was verified by means of
Kolmogorov-Smirnov and Bartlett tests, and Tukey and
Bonferroni post tests were carried out for the analysis of
differences. A non-parametric ANOVA with Kruskal-
Wallis and Dunn tests were performed for those small
and asymmetric samples. For the qualitative variable
analysis reflected in the contingency tables as a
percentage, it was used as statistical test the Exact
Fisher Test and the Katz’s numerical approximation to
evaluate the relative risk. In all cases it was considered
as significant p<0.05 with 95% confidence intervals (Cl),
and in each case it was determined the interval, the
average, the standard deviation; and for the percentage
analysis it was used the relative risk. For that purpose,
statistical GraphPad Software (Inc. San Diego, California
USA, www.graphpad.com) and Infostat (statistical
program, digital version 2015. www.infostat.com.) were
used.

[11. RESULTS

a) Physicochemical analysis results of studied area
water

Regarding the nitrate analysis, Sample N°1
(from 60-meter-depth wells) showed a value of 24 mg/l,
exceeding EPA regulations as safety limit for water for
human consumption (EPA, 2016) and Sample N°2 (from
30-meter-depth wells) showed a concentration of 83
mg/l exceeding the maximum limit of safety for water for
human consumption (CAA, 2021) established in the
Argentine Food Regulations (Table 1). These results
should be analyzed in connection with the rest of the
determinations, as nitrates may be acting per se or in
synergy with other components, generating the thyroid
disruptive effect observed in the population of those
areas.

The samples from well groundwater (1 and 2)
showed a higher conductivity (Table 1) which indicates
an increase in salinity, probably generated by the
presence of septic tanks in the vicinity (between 1 and 3
meters) of sampling areas and for the possible
existence of industries near the studied area which
dump liquids such as cleaning water. On the other
hand, the total hardness of Sample N°3, being over 330
mg/l, is highly superior to the others, so those may be
considered hard waters. This fact could favor the
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reactivity of substances with possible disruptive action
(De Groef et al. 2006).

High levels of arsenic, above safety level for
human health by the Argentine Food Regulations (up to
0.01 mg/l), were observed in the samples of
groundwater as well as in purified bottled water drunk by
the population living in the area of the study (Table 2).

b) Morphological changes

i. Total time of metamorphosis. Weight and Height

Regarding the number of animals which
completed metamorphosis in all before mentioned three
groups, a very significant difference was observed
among the groups. Larvae immerse in filtered drinking
water (C) completed metamorphosis in a 100% but just
a 38% for those animals in the group exposed to
groundwater (E), and none in the positive control group
(PC) (filtered drinking water with KLCIO,) (p<0.001).
Larvae growth delay was particularly observed in the
transition from stage 58NF to 60NF (p<0.01). This delay
was too evident and progressive in group PC from stage
54NF (p<0.0001), with a 95% confidence interval (Cl)
(0.6368 - 0.7923) and a relative risk that tends to infinity
for the relation C Vs E. And for E vs PC the Cl was 95%
(0.2077 - 0.3632).

Total time of metamorphosis in group C was 56
+ 1.95 days, and 67 = 2.01 days (p<0.01) in group E.
In PC this time could not be determined due to the fact
that larvae reached metamorphosis stage 62NF but
none of them reached stage 66NF, time when the
metamorphosis process is completed. This happened
due to the addition of a constant dose of potassium
perchlorate (0,007 mg/ml), which caused a total stop of
metamorphosis at stage 62NF (Fig. 1). Mortality per
group was 10% in group E larvae exclusively (p<0.001).

The stage affected was prometamorphosis
which is controlled by T,. It was observed a slower larval
growth in group E represented by a delay in the
transition from one stage to the following during the
prometamorphosis  process. This difference was
significant in groups E and PC vs group C during
transition from stage 58NF to 60NF and it was noticed a
significant larval growth delay in group E Vs C during the
transition from stage 54NF to 60NF (p<0.01) with 0.69
relative risk (RR). The delay was even more pronounced
in PC group larvae vs C, (p<0.002), with a 0.46 RR. The
weight at stage 58NF was significantly lower in group E
Vs C and PC (p<0.05), with a 95% confidence interval
(Cl) (54.157 - 364.69) (Fig. 2). It was noticed a
significant difference in height, but this difference was
smaller in group E and PC vs C (p<0.05), with a 95%
confidence interval (Cl) (8.667 - 5.448: E vs C, -6.750 -
4.619: PC vs C). No significant difference was observed
between groups C and PC (Fig. 2).

From the above analyzed we conclude that the
delay occurs in the transition from stage 54NF to 60NF
in group E and PC vs C, with a larval growth delay in
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groups E and PC. In group E this delay is evidenced by
a decrease in the final size of animals, which achieved
less weight and height than the ones in the other two
groups (C and PC) (Picture 1).

c) Histological changes
i. Follicular colloidal area

During 58NF stage metamorphosis it was
observed an increase in the colloid area size in group E
Vs C and PC (p<0.05) with a 95% ClI (E vs C: -9184.7 -
179.62 and E vs PC: 2252.2 - 9253) (Fig. 3) (p<0.001).
On the other hand, the colloidal area was smaller in
group C vs PC (p>0.001) with a 95% CIl (-2336.2 -
4.477) (Pic.2).

ii. Glandular hyperplasia degree

Thyroid gland hyperplasia during stage 58NF
was degree 1 in group C, degree 2 in groups E and PC.
The differences observed in group C Vs E were highly
significant (p<0.0001), with a 95% CI (0.3680 - 0.6860)
and 0.33 RR. There were also significant differences
between groups C and PC (p<0.002) with 95% ClI
(0.2708 - 0.4799). No significant differences were
observed between groups E and PC (Fig. 4).

iii. Number of filled follicles
The number of filled and empty follicles per
gland was also significantly different being the number
of filled follicles higher in group E Vs C and PC (p<0.02)
with 95% Cl (0.4906 - 0.8303) and 0.66 RR.
Nevertheless, there were no significant differences
between C and PC groups (Fig. 5).

iv. Height of follicular epithelium

The height of the follicular epithelium showed
significant differences in groups C vs E (p<0.0001) with
a 95% IC (-181.22 - 96.084) and in groups E Vs PC
(p<0.0001) with a 95% CI (130.56-202.21). In increasing
order, the height was less in group PC than in C and in
group C than in E (Pic. 3). The average height of the
follicular epithelium for each group was: C: 166.23 =+
43.23; E: 284.02 = 68.12; PC: 128.64 + 35.69 um (Fig.
6).

d) Molecular changes

i. NIS expression analysis

When data logarithmic correction was made it
showed that NIS protein expression increases in groups
E and PC being this a significant difference (p<0.05)
(Fig. 7). The average in increasing order was E > PC >
C. Registered values measured in optical density were:
C: 680.7 = 196.92, E: 1251.02 = 702.94, PC: 1059 =+
592.85 (Fig. 6).

V. DiscuUssIiON

Endemic regions of hypothyroidism and goiter
without iodine deficiency have been described,
suggesting the consumption of EDs by the population
living in these areas as a predisposing factor. (Blount



BC. et al. 2006). Our study, carried out in the southern
suburbs of Buenos Aires, found levels of nitrates and
arsenic in the groundwater above the safety limit for
human consumption. Furthermore, in studies made in
nearby rivers, other pollutants with endocrine disruptive
action were detected, among them: lead, chrome,
hydrocarbon and polychlorinated biphenyls (PCBs)
(Janiot L. 2000). These elements may contaminate the
groundwater layers, specially the superficial ones by
runoff from water tables in low-gradient streams. In the
area of study, the water to drink or to irrigate is obtained
from these water layers, being the Pampeano and
Puelche aquifers the sources from where most of the
population gets their water. The superficial Pampeano
aquifer is free and often contaminates the deep Puelche
aquifer which is semi confined. The last one represents
one of the drinking water reservoirs most important of
Argentina and Latin America (Adema MP. 2017 and
Ingenieria Geotécnica y Ambiental. 2005).

The action of thyroid endocrine disruptors
(TEDs) may alter the synthesis, storage, transport and
catabolism of hormone homeostasis (Colborn T. et al
1993) and may decrease the production of thyroid
hormones (Kleiman DL. et al. 1989) by acting on
membrane transporters such as NIS. In the case of
nitrates, the inhibition of the sodium-iodide symporter
(NIS) interferes with iodine uptake at thyrocyte level, first
step in thyroid hormone synthesis (De Groef B. et al
2006). This leads to hypothyroxinemia with the following
increase of TSH (Manzon RG. et al. 2004), which
induces cell proliferation as an adaptive response. Thus,
generating an increase in gland size and changes in
gland histoarchitecture, which in humans may cause
goiter development (Brauer VF. et al. 2006).

The decrease in thyroid hormone levels affects
human development, as well as it does in larvae
metamorphosis. In this study we have shown a delay in
the development, and changes in the body morphology
during larvae metamorphosis of Xenopus laevis exposed
to contaminated water, causing caused by thyroid
disruption. We have demonstrated a longer period of
prometamorphosis and smaller weight and height of
specimens at stage 58NF. These differences could be
explained by the need to reach a metabolic threshold,
which allows them to complete the morphological
changes of this stage. This could be determined by the
acquisition of an adequate level of thyroid hormones. In
case that this does not happen, it can cause a stop in
larval development. This fact has been observed in other
amphibians and urodele, which develops a state called
neoteny (Galton VA. 1992), determined by a complete
brake on the metamorphic process in adverse
environmental situations. This fact is similar to the one
observed in our experimental Positive Control (PC)
group, in which larvae were exposed to a constant dose
(0.007 mg/l) of potassium perchlorate (known as a NIS
inhibitor), suffering a complete stop of its metamorphic

development; therefore, no
metamorphosis process.

The observed differences could be explained by
the negative feed-back made by the T; and T, at tadpole
hypophysis level  which is operational at
prometamorphosis onset. Thyroid hormones may
negatively regulate the mRNA expression for the TSH
synthesis during metamorphosis. The mRNA expression
for the thyroid hormone receptor increases during the
larval development throughout prometamorphosis and
peaks at climax (Opitz R. et al. 2006). The presence in
water of NIS inhibitors, such as nitrates, could be
interfering with the proper production of thyroid
hormones in larvae.

We have known for years that Xenopus laevis
are extremely sensitive to water soluble substances as
nitrates and perchlorates, even in low concentration,
due to their aquatic life. For this reason, Xenopus laevis
was chosen as experimental model in this work (Kloas
W. 2002).

Histologically, the follicles constitute the
anatomical functional unit of the thyroid gland in
amphibians and in humans. Its follicular epithelium and
the colloid constituted by thyroglobulin change their
histological appearance depending on the secretory
phase. These events may be altered by thyroid
disruptors, being the histologic changes a sensitive
parameter to determine the level of action of this
disruptor (Wolff J. 1998). Our analysis showed a change
in gland histoarchitecture like hyperplasia and
hypertrophy of the follicular epithelium and an increase
of the colloid volume in the thyroid gland follicles in
prometamorphic larvae.

The thyrocyte uptakes iodine against gradient
by the sodium-iodide symporter (NIS) located at the
basement membrane, with energy expenditure. This
transporter is inhibited by nitrates and other disruptors.
The NIS expression is stimulated by the TSH, which
involves the regulation of transcription factor as TTF1,
TTF2 and PAX8 (Rivolta CM. et al. 2005).

The inhibitory action of thyroid disruptors on the
NIS co-transporter and the changes on the
metamorphosis (Furlow JD. et al. 2006 and Degitz S. et
al 2006), as well as histological and biomolecular thyroid
changes, have been assessed (Hood A. et al. 1999;
Below H. et al 2008 and Mukhopadhyay S. et al. 2005).
The increase in the NIS protein expression level noticed
during larvae prometamorphosis exposed to nitrate
contaminated water, could be the result of an adaptive
mechanism trying to compensate its functional state.

Differences observed in our study in larval
morphology as well as in glandular histoarchitecture
during the different stages of Xenopus laevis
metamorphosis between E and C groups may be
explained by the presence of one or more substances
with a thyroid disruptive action in groundwater of the
studied area. These substances could be interacting in

larvae completed the
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a synergetic way on more than one level on the thyroid
gland. This could explain what happens with arsenic.
The arsenic, as the nitrates, was detected in
concentrations considered as unfit for human
consumption by the Argentine Food Regulations. The
chronic exposure to an excess of arsenic in drinking
water has been strongly linked to higher risk in humans.
Arsenic has been shown to be a powerful endocrine
disruptor in low levels, changing the genic regulation
mediated by thyroid receptors (Davey JC. 2008). The
synergistic action of nitrates and arsenic could explain
the mortality observed exclusively in this group.

V. (CONCLUSION

The nitrates present in groundwater, as well as
other possible endocrine disruptors such as arsenic,
produce morphological alteration in the Xenopus laevis
tadpoles, as well as histological and molecular thyroid
changes when exposed to this type of water during their
metamorphosis. These events are related to an increase
of the NIS expression levels during prometamorphosis
stage. Despite this adaptive change, it is not possible to
compensate for the thyroid alteration generated by
nitrates, thus not achieving the morphological changes
necessary to adequately complete this stage. New
studies must be carried out to better understand the
mechanisms that lead to these alterations.
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Table 1: Physicochemical analysis of groundwater (Pampean Aquifer, Buenos Aires, Argentina) sampling

COLOUR Greenish ©
ODOR Odorless
SEDIMENT Null

SAMPLE 1
pH 7.5

Well depth: 60 meters | RESIDUAL ACTIVE CHLORINE 0,00 ppm
CONDUCTIVITY 729 micros/cm @
TOTAL DISSOLVED SOLIDS (TDS) 525 mg/|
TOTAL ALKALINITY (CO,Ca) 312 mg/|
TOTAL HARDNESS (CO,CA) 114 mg/l
CHLORINES (CL) 36 mg/!
SULPHATES (SO.9 20 mg/!
AMMONIA (NH, ") Undetectable
NITRITES (NO.): 0.01 mg/l
NITRATES (NO,): 24 mg/I*

CHROMIUM (Cr):

Undetectable

COLOUR Colorless
ODOR Odorless
DRINKING WATER SEDIMENT Plentiful
(Extraction of chlorine by pH 76
filter) RESIDUAL ACTIVE CHLORINE 0,00 ppm
CONDUCTIVITY 685 micros/cm
TOTAL DISSOLVED SOLIDS 493 mg/|
TOTAL ALKALINITY (CO,Ca) 351 mg/l
TOTAL HARDNESS (CO,CA) 80 mg/!
SEDIMENT 18 mg/l
SULPHATES (SO,2) 20 mg/|
AMMONIUM(NH,+) Undetectable
NITRITES (NO,): Undetectable
NITRATES (NO,): < 5mg/l
CHROMIUM (Cr*®): Undetectable
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COLOUR Colorless
ODOR Odorless
SEDIMENT Barely detectable
pH 7.3
RESIDUAL ACTIVE CHLORINE 0,00 ppm
CONDUCTIVITY 982 micros/cm @
TOTAL DISSOLVED SOLIDS 707 mg/|

\?v':’}flzlégtﬁ- 50 metors | TOTALALKALINITY (CO.Ca) 409 mg/

' TOTAL HARDNESS (CO,CA) 336 mg/I @

CHLORINES (CL) 87 mg/l
SULPHATES (SO,?) 25 mg/|
AMMONIA (NH, ") Undetectable
NITRITES (NO,): 0.01 mg/l
NITRATES (NO,): 83 mg/l *
CHROMIUM (Cr*9): Undetectable
COLOUR Colorless
ODOR Odorless
SEDIMENT Plentiful
pH 7.6
RESIDUAL ACTIVE CHLORINE 0,00 ppm
CONDUCTIVITY 395 micros/cm @

SAMPLE 3 TOTAL DISSOLVED SOLIDS 284 mg/!
TOTAL ALKALINITY (CO,Ca) 175 mg/|

Drinking water (can) TOTAL HARDNESS (CO,CA) 112 mg/l @
CHLORINES (CL) 29 mg/l
SULPHATES (SO,?) 20 mg/|

AMMONIA (NH, ")

Undetectable

NITRITES (NO,):

Undetectable

NITRATES (NO,):

< 5mg/l

CHROMIUM (Cr*9):

Undetectable

*On or exceeding the limits for safety values.® Differences in values between drinking water and purified bottled water

Table 2: Levels of arsenic and others elements.

DETERMINATION TYPE PURIFIED BOTTLED WATER GROUNDWATER
TOTAL HARDNESS (CO,Ca) 57 + 2.0 % 64 = 20 %
CALCIUM 125 +25% 135 +25%
MAGNESIUM 6.4+30% 72+30%
ARSENIC 0.02-0.07 mg/l 0.05 mg/!
MAGNESIUM <0,05 <0,05
SODIUM+POTASSIUM 132 183
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Figure 1: Metamorphosis periods (premetamorphosis, prometamorphosis and climax) per group and water type of
X. laevis larvae under Control treatment: C, Exposed: E, and Positive Control: PC. *p<0.05, **p<0.001,
***n<0.0001 vs. Control
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Figure 2: Xenopus laevis larvae body weight and size at stage 58NF. *p<0.05 vs Control.
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Picture 1: Larvae morphological development change at stage 58NF (prometamorphosis), showing a delay in the
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Figure 3: Thyroid gland colloidal area at stage 58NF. *p<0.05, ***p<0.0001 vs. Control.
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Picture 2: Optical microscopy (10x) of the follicular colloid area in Xenopus laevis thyroid glands at stage 58NF: A)
Control, B) Exposed: where a bigger size gland and an increase in the colloid area can be observed, C) Positive

Control.
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Figure 4: Percentage of follicular hyperplasia degrees (0, 1, 2) in each experimental group during stage 58NF.
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Figure 5: Percentage of filled and empty follicles during stage 58NF. *p<0.01 vs Control.

Picture 3: Optical microscopy (40x) of the thyroid gland in Xenopus laevis at stage 58NF showing colloid area, size

and degree of follicular hyperplasia: A) Control, B) Exposed, C) Positive Control.
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Figure 6. Follicular epithelium height at stage 58NF. ***p<0.0001 vs Control and vs Positive Control.
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Figure 7. NIS protein expression at stage 58NF was higher in groups Exposed (E 1, 2) and Positive Control (PC 1, 2)
vs Control group (C 1, 2) *p<0.05.
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Development of Dietary Supplement Capsules
"Nigelit” using Mathematical Methods

Kh. K. Bekchanov ®, S. F. Iskandarova ® & N. A. Djabbarov®

Abstract- The research featured the development of formulae
and technology of obtaining biologically active additives for
functional foods with potential anti-inflammatory activity using
a substance containing zinc (microelement) and plant raw
material as source of natural biologically active substances.
The relevance of the study is comes from the need for more
effective use of natural biologically active compounds, the
need to expand the range of domestic dietary supplements, in
particular, those recommended for the prevention of disorders
of the prostate activity and erectile dysfunction, with natural
ingredients and import substitution. On the basis of scientific
data and the results of the conducted research, substance
containing zinc and a promising plant raw material containing
biologically active substances were selected; their safety and
potential properties were assessed. The optimal ratio and
dosage of active ingredients in the composition has been
scientifically substantiated. The technological properties of the
mixtures of active ingredients that determine the choice of
technology and the quality of the finished product were
studied. Researches were carried out to select the optimal
composition for the capsules “Nigelit” using a mathematical
method of experimental design, the 4 x 4 Latin square. The
experimental results were processed using mathematical
methods of statistical and variance analysis, involving the
Fisher statistic - Fstatistic (also called the F-ratio) and the
generalized desirability function. As a result, the composition
and technology of dietary supplement - capsules “Nigelit”
were developed.

Keywords:  biologically — active  additives,  dietary
supplement, raw material, mathematical method,
experimental design, factor, optimization parameters,
capsules, “nigelit”, excipients.

I. [NTRODUCTION

~rectile dysfunction or the inability to achieve or
=== maintain an erection sufficient for satisfying sexual
L activity, often becomes a real problem for men.
According to the WHO information every 10th managed
older 21 has the erectile disorder and after the age of 60
years every third man is not able to perform sexual
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intercourse. About 35% of men aged 40 to 70 years
suffering from partial or total inability to achieve erection
[1].

To date, effective approaches of
pharmacological correction of disorders of sexual
function in men have been developed. Depending on
the indications for use, these drugs should have
separately or in combination neurotropic, vasodilating,
anti-inflammatory, antimicrobial, antihypoxic,
immunotropic effect [1]. The basis of drug therapy for
erectile dysfunction, as a rule, is made up of
phosphodiesterase inhibitors: vardenafil, sildenafil,
tadalafil [1]. However, all of these drugs are available
with a doctor's prescription. At the same time, significant
advances in the prevention and treatment of male
genital pathology can be achieved with the use of over-
the-counter herbal remedies. Compared to synthetic
ones, natural components have a milder and more
versatile effect due to the variety of components actively
affecting the body and, as a rule, rarely cause side
effects [1]. Most of the herbal remedies for correcting
erectile dysfunction are presented in the form of
biologically active additives.

Today the market of dietary supplements for the
correction of erectile dysfunction mainly offers complex
drugs of a certain functional orientation, most often
combining herbal ingredients with a pronounced
stimulating effect on sexual function and a general tonic
effect [1].

When reviewing the literature, it was found that
one of the types of plant raw materials that have a
beneficial effect on the function of the prostate is the
seeds of Nigella sativa [2], and of the microelement —
zinc [3, 4].

Based on the analysis of the pharmaceutical
market of the manufactured dosage forms, we have
selected hard gelatin capsules as the rational dosage
form for the medicinal preparation under development.
Capsules represent a prospective solid dosage form
with a number of advantages. For instance, they are
attractive in appearance, easy to swallow, contain
accurate dose, protect encapsulated medications
against light, air and moisture since capsule shells
provide a high level of airtightness, can quickly swell up,
dissolve and get absorbed in the gastrointestinal tract,
have high bioavailability [5].

The aim of the research is to develop the
composition and technology for obtaining dietary
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supplements with specified characteristics using plant
raw materials - seeds of Nigella sativa and a
microelement — zinc.

[I.  MATERIALS AND METHODS

Seeds of Nigella sativa, zinc sulphate, their
mixture, their mixtures with different excipients and
capsules on their base were selected as the materials of
research. The technological properties of the materials
that determine the composition, technology and the
quality of the finished product and the capsule
disintegration were studied using conventional methods,
described in [6, 7, 8]. In order to select the optimal
composition for the capsules “Nigelit” a mathematical
method of experimental design, the 4 x 4 Latin square
was used. The experimental results were processed
using mathematical methods of statistical and variance
analysis, involving the Fisher statistic (F statistic) and the
generalized desirability function [9, 10, 11, 12]. In order
to create granules moisture activated dry granulation
(MADG) was used [13, 14, 15].

I1. RESuLTS AND DISCUSSION

For the development of the dietary supplement,
firstly, a suitable dose of the microelement — zinc and
plant raw material containing biologically active
substances were calculated, based on the study of their
safety and potential properties. Then the technological
properties of the mixture of active components were
studied. It was established that the mixture of active
components has unsatisfactory technological properties
in particular flow ability. This makes obtaining capsules
of an acceptable quality from such a material
impossible. In order to eliminate these disadvantages,
and to produce good-quality capsules, it is necessary to
incorporate excipients, and to use granulation, which
prevents the segregation (stratification) of the mixture
[16].

In order to choose the most rational
composition and the encapsulation technology for the
capsules “Nigelit”, we took advantage of a mathematical
method of experimental design, the method of the 4 x 4
Latin square and performed analysis of variance. The
use of this method makes it possible to significantly
reduce the experimental error and to quantify the effect
of various factors on the optimization parameters [9, 10,
11, 12]. In this case, flowability, bulk density, angle of
repose of the granular materials and disintegration time
of capsules were selected as the optimization
parameters (see table 1); while fillers, antiaderents (anti-
sticking agents), disintegrants and glidants were
selected as factors affecting optimization parameters
(see table 2). Technological properties of the granular
materials and the capsule disintegration were studied
using conventional methods [6, 7, 8]. In order to create
granules moisture activated dry granulation (MADG)
was used [13, 14]. This method allows for simultaneous
mixing and of ingredients, as well as forming of a
product  with  homogeneous  dispersion  [13];
minimization grinding of such issues with wet
granulation as the need for a significant amount of
granulating liquid, the duration and energy intensity of
the process of mixing the wet mass, sensitivity of
individual components of the mixture to high moisture
levels, the necessity of using granule-forming apparatus
in most cases, the long-lasting stage of drying the
granules, accompanied by the unfavorable effect of
temperature on active pharmaceutical ingredients, as
well as the cumbersome equipment required for the air
preparation and air purification processes [15]. The
main advantage of this granulation method is that the
resulting granules do not need to be dried - this speeds
up the technological process, reduces labor and energy
costs. Moreover, the resulting granules do not need
additional  grinding due to the characteristic
homogeneous particle-size distribution [13]. Purified
water was used as the moisturizing liquid for
granulation.

Table 1: Optimization parameters for the capsules “Nigelit”

Optimization parameters (Y)

Y, Y,

Y, Y,

Flowability (107 kg/s) Bulk density (kg/m?)

Disintegration (min.) Angle of repose (°)

Table 2: Factors affecting the optimization parameters of capsules “Nigelit”

Factors
Name of the
capsules A - fillers B - antiadherents C - disintegrants D - glidants
a, - starch b, - magnesium c, - CMC d, - starch
stearate
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a, - Prismalac 60 b, — calcium c, - MCC Arbocel A d, —aerosil
“Nigelit” stearate 300
a; - MCC Arbocel A b, - stearic acid cy - UAP d;—talc
300
a, — dextrin b, —kaolin c,-Na-CMC d,—PEG-400

In order to select the optimal composition for
capsules “Nigelit” various mixtures of active components
and excipients were designed and prepared according
to the formulations presented in table 3. Each mixture
prepared according to the formulations was granulated

using moisture activated dry granulation method. Then
the technological properties of thesemixtures and the
disintegration of the capsules prepared on their base
were studied (see table 3).

Table 3. Experiment design matrix and research results on the effect of the excipients on the optimization parameters for
capsules “Nigelit”

(Symmetric fractional factorial experiment, 16 out of 256, 1/16 fraction)

_ Factors Optimization parameters
i alelcel ol Yo | Yo | % Y, b
10%kg/s | kg/m® min. °
1 a, | by | ¢ d, 45 387 30 40 047
2 a | b | c d, 43 386 32 43 0,44
3 a | by | c ds 5,0 400 33 42 0,48
4 a | by | ¢ d, 4,1 385 38 46 0,33
5 a | b | ¢ d, 4,1 380 32 41 0,42
6 a | b | o d 43 381 28 41 0,47
7 a, | by | ¢ ds 4,8 392 35 42 0,43
8 a | b, | c d, 39 380 40 46 0,29
9 a; | by | ¢ ds 55 390 20 38 0,69
10 a, | b, | ¢ d, 4,8 377 25 43 0,54
11 a, | by | ¢, d, 5,1 380 28 44 0,52
12 a; | b, | ¢ d, 4,7 378 30 46 0,46
13 a, | b | c d, 4,4 388 27 43 0,51
14 a, | b | ¢ ds 52 400 25 40 0,61
15 a, | by | cs d, 45 386 30 46 0,45
16 a, | b, | ¢, d, 48 390 33 43 046

Then the results of studying the optimization
parameters (table 3) were subjected to analysis of
variance which allows us to test the null hypothesis (all
means are equal) against the alternative hypothesis (at
least one mean is different) with a specified value of
alpha (in our case the value of alpha (a) or the level of
significance is equal t00.05 or 5%) and probability (in

our case the value of probability (P) is equal t00.95 or
95%). In other words analysis of variance allows us to
determine the significance of the studied factors A, B, C,
D for the optimized parameters Y,, Y, Y3, Y,(table 4) at a
given level of significance[11, 17].

It should be mentioned that if the F test statistic
(observed) is greater than the F critical value, i.e. Fgicic™
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Feoiican  then the hypothesis of similarity or the null
hypothesis H, is rejected, and the hypothesis of the
difference or the alternative hypothesis H, is accepted
with a level of significance a = 0.05 or 5%. This means
that the factor significantly affects the change in the
output data - the values of the optimization parameter
and the data depend on the factor with a probability of P
=095 P =1-0a)orP=95% (P =100 - o). If the F test

statistic (observed) is less than the F critical value, i.e.
Foatisic< Feriicar then the hypothesis of similarity or null
hypothesis H, is accepted, and the hypothesis of
difference or alternative hypothesis H, is rejected with a
level of significance a = 0.05 or 5%. This means that the
factor does not significantly affect the output data - the
values of the optimization parameter with a probability of
P=095P=1-a)orP =95% (P =100- a).

Table 4: Analysis of variance of the experimental data from the study of the indicators of the capsules “Nigelit”*

(Four-factor