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The paper presents the results of the experimental study of the effect of the aqueous extract from Laminaria on the thyroid
function compared to lodomarin on the model of mercazolilum-induced hypothyroidism. It has been found that the extract
from Laminaria reveals the antigoitrogenic effect determined by measuring the weight of the thyroid gland, and it exceeds
the effect of lodomarin. Introduction of the extract from Laminaria and lodomarin does not lead to recovery of the thyroid
hormone level in the blood, which is significantly reduced in experimental animals with mercazolilum-induced hypothy-
roidism. However, taking into account the stimulating effect previously determined on the hormone-synthetic function of
the thyroid gland in intact animals the marked antigoitrogenic effect revealed on the model of experimental hypothyroid-
ism, and improvement of thyroid hormone level at the end of the experiment give grounds to conclude about the thyroid-
stimulating effect of the aqueous extract from Laminaria under study.

he most common non-in-

fectious human diseases are
those associated with iodine de-
ficiency. According to the World
Health Organization (WHO) 30%
of the world’s population is at risk
of iodine deficiency disorders.
About 700 million people have an
increased thyroid gland (endemic
goiter) because of iodine defici-
ency. Environmental deterioration
also affects the prevalence of goi-
ter epidemic. Itis known that many
anthropogenic environmental fac-
tors have a marked antithyroid ef-
fect, and therefore, the goitroge-
nic effect. The problem of iodine
deficiency continues to be rele-
vant in Ukraine [9].

Resistant and prolonged iodi-
ne deficiency is in appearance of
a number of iodine deficiency dis-
orders of the thyroid gland (dif-
fusive and nodular goiter, hypo-
thyroidism), miscarriage, perina-
tal mortality, physical and men-
tal deficiency in children, endemic
cretinism, etc.

Medical and social significan-
ce of hypothyroidism cannot be
overestimated. It depends not only
on its prevalence in the popula-
tion and the tendency to further
increase of the number of patients,
but the fact that the hypofunction
of the thyroid gland (TG) leads to
various organ and neuropsychi-
atric disorders, decreased lifeware,
etc. [11].

The primary method of pre-
vention of these diseases is the use
of iodine-treated salt, bread, and
the main treatment is to control
iodine deficiency using drugs, in-
cluding herbal formulations [7].

Today in Ukraine among the
registered drugs for prevention
and treatment of iodine deficien-
cy disorders are only products ba-
sed on potassium iodide in the form
of tablets, among them the larger
market segment is occupied by
drugs of foreign manufacturers, in
particular Germany and the Uni-
ted States [2]. Therefore, develop-
ment of new drugs for correction
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of the thyroid hypofunction remains
a pressing problem of modern me-
dicine and pharmacy.

The search and study of her-
bal substances with thyroid-stimu-
lating properties, development of
dosage forms and creation of drugs
on their basis are carried out in
the National University of Pharma-
cy. The studies of the extract from
Laminaria conducted allowed re-
vealing the thyroid-stimulating ef-
fect in intact animals [3].

The aim of this work was to
study the effect of the aqueous
extract from Laminaria Saccha-
rina on the thyroid function in
experimental hypothyroidism.

Materials and Methods

Manipulations with animals of
the experimental vivarium were
performed according to the na-
tional “General ethical principles
of animal experimentation” (Ukrai-
ne, 2001), which are consistent with
the provisions of the European Con-
vention for the Protection of Ver
tebrate Animals used for Experi-
mental and Other Scientific Pur-
poses (Strasbourg, 1986) [6].

The animals were kept under
standard vivarium conditions with
natural light, diet recommended
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Table 1
Dynamics of the body weight (g) in rats during the experiment
Day of the experiment
Group Stgtistical
indext S Startofithe 12-th 19-th 26-th 33-d
experlment
n 6 6 6 6
Intact control (IC) X 118.67 156.67%* 171.67 177.50 186.33***
+S; 7.92 6.67 477 4,61 4.59
n 10 10 10 10
Control pathology (CP) X 115.63 144.00% 171.00 177.50 161.00%***
S5 6.30 6.27 6.00 2.83 542
_ n 10 10 10 10
?:‘jﬁi%'q‘l'ﬁ% extract X 120.00 153.00% 173.50 17688 | 194.00%%%
+S; 8.40 7.75 6.63 8.13 6.86
_ n 10 10 10 10
mgg&z"rm“m + X 124.38 159.00% 178.50 18625 | 188.00%%%==
+S; 6.64 5.47 5.73 6.66 5.87
Notes:

1) * - statistically significant differences compared to the beginning of the experiment;

2) ** — statistically significant differences from the group of CP;

3) * p<0.05; ** p<0.01; *** p<0.001.

for this type of animal and drink-
ing regimen ad libitum.
Thirty-six rats weighting 115-
125 g were used in the experi-
ment. Animals were randomly di-
vided into 4 groups: group 1 - in-
tact control (IC); group 2 - ani-
mals treated with mercazolilum
(1-methyl-2-merkaptoimidazol of
the Pharmaceutical company “Zdo-
rovye”, Ltd., Ukraine) in the dose
0f 0.01 g/100 g of the body weight
of the active ingredient per os in
10% starch for 33 days - the group
of control pathology (CP) [5];
group 3 - animals treated with the
extract from Laminaria (an aque-
ous residue obtained by complex
processing of Laminaria thalli)
per os in the dose of 1 ml/100 g
of the body weight from 13 to 33
day of the experiment (21 days);
group 4 - animals treated with
Iodomarin 100 (Berlin-Chemie AG,
Germany) in the dose of 20 pg of
iodine/100 g of the body weight.
Animals were weighed on an
empty stomach on the 12%, 19%,
26" and 34" days of the experiment.
After 12 days the tail vein blood
from the part of the experimental
animals was taken for determina-
tion of serum thyroid hormones.

The animals were sacrificed
from the experiment by rapid de-
capitation. During the autopsy the
blood samples were collected in
rats, thyroid gland (TG), thymus,
spleen, adrenals, testes, ventral
portion of the prostate were se-
lected and weighed.

The serum concentration of
thyroid hormones - thyroxine (T,)
and triiodothyronine (T,) was de-
tected by ELISA using commercial
kits.

The statistical analysis of the
results was carried out using ana-
lysis the Excel 2007 software pack-
age. The data obtained are pre-
sented as the mean (X), its error
(S;). The null hypothesis concer-
ning the absence of difference bet-
ween groups was checked using
parametric methods (using Stu-
dent t-test) [4, 8]. In the case of mul-
tiple comparisons, the null hypothe-
sis was checked using Q-criterion
of Dunn [4]. Differences between
groups were considered to be sig-
nificant at the level of statistical
significance accepted as p<0.05.

Results and Discussion

Mercazolilum is a known thy-
reostatic, which mechanism of ac-

tion is in blocking the thyroid hor-
mone synthesis on the level of in-
teraction between mono- and di-
iodothyrosine and inhibiting the
process of thyrosine iodination of
thyroglobulin fragments. In addi-
tion, mercazolilum application leads
to changes in the immune status
that are evident in antithyroid an-
tibody titre reduction, improve-
ment of T-lymphocyte-suppressors.
In the experiments previously con-
ducted it was shown that the con-
tent of albumin and immunoglo-
bulins of all classes in the blood
decreased in animals treated with
this thyreostatic [1].

In our study the weight of ani-
mals treated with mercazolilum
after 12 days statistically signifi-
cant increased compared to the
baseline (Tab. 1). At the same time
there was the weight gain in ani-
mals from the group of the intact
control. At the end of the experi-
ment (day 33) the body weight of
rats from group 2 (CP) was lower
than in group 1 (IC) by 13.8%.
This result may be manifestation
of the lack of thyroid hormones
(T, and T,) in animals caused by
mercazolilum. It is also well known
that along with iodine-containing
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Table 2
The absolute weight of organs in rats from different groups
. Statistical e Mercazolilum +
Indicator : Intact control Control pathology extract from .
index . lodomarin
Laminaria
n 6 10 10 10
Thyroid gland, mg X 0.023 0.075%** 0.025%*=== 0.042%**===
+S; 0.002 0.004 0.002 0.003
n 6 10 10 10
Thymus, mg X 0.388 0.267 0.294 0.271
+S; 0.040 0.019 0.020 0.020
n 6 10 10 10
Spleen, mg X 0.986 0.664 0.676 0.686
+S; 0.155 0.073 0.061 0.029
n 6 10 10 10
Adrenal glands, mg X 0.038 0.031 0.032 0.035
S5 0.004 0.002 0.002 0.001
n 6 10 10 10
Testes, mg X 2.869 2976 2.807 2.685
+S; 0.085 0.104 0.041 0.185
n 6 10 10 10
Prostate, mg X 0.344 0.391 0.282**= 0.423
+S; 0.033 0.027 0.020 0.044

Notes:

1) * — statistically significant differences from the group of IC;
2) ** — statistically significant difference from the group of CP;

3) = p<0.05; ** p<0.01; =*p<0.001.

thyroid hormone deficiency the
growth hormone deficiency, which
secretion is related to the level of
thyroid hormones, develops.
Autopsy showed that the thy-
roid weight increased by 226.1%
in animals with hypothyroidism
on the 33rd day compared to the
control (p<0.001), i.e. the evident
goitrogenic effect of mercazolilum
was observed. In addition, this
group of animals had a marked de-
crease of the thymus and spleen
weight compared to those of the
intact control group. It is consist-
ent with the literature data con-
cerning the effects of a thyreosta-
tic on the immune system. Other
changes in the mass of the exami-
ned organs were not found (Tab. 2).
The body weight in the group
of animals treated with the extract
from Laminaria increased by 13.4%
(p<0.05) at the end of the experi-
ment compared to the control and
intact groups of animals. In auto-
psy it was found that the weight of

the thyroid gland in rats signifi-
cantly decreased (by 3 times) when
compared to animals treated with
mercazolilum alone and did not
differ from that of the intact cont-
rol, i.e. the extract from Lamina-
ria prevented development of the
goitrogenic effect of mercazolilum.

In addition, a slight increase
in the weight of the thymus and
spleen (10.1% and 1.8%, respec-
tively) was also observed in this
group of rats compared to the cont-
rol pathology. It may indicate a po-
sitive tendency of the effect of the
extract from Laminaria on this in-
dicator. However, the decrease in
the weight of prostate (27.9%) was
registered. The results obtained
need further studies.

The effect of the reference drug
lodomarin used to prevent thy-
roid disease with insufficient io-
dine (i.e. diffuse nontoxic goiter,
diffuse euthyroid goiter) also re-
sulted in preventing the growth
of the thyroid gland weight com-

pared to the group of the experi-
mental animals treated with mer-
cazolilum alone. The thyroid gland
weight increased by 82.6% com-
pared to 226.1% in the control
group of animals. It should be no-
ted that this effect of lodomarin
was less prominent than the same
effect of the extract from Lamina-
ria (Tab. 2). At the end of the ex-
periment the weight gain in rats
treated with lodomarin was less
than in the group of animals trea-
ted with the aqueous extract from
Laminaria under study (17.8%
and 20.5%, respectively).
Changes in the thymus and
spleen weight in the group of rats
treated with lodomarin were si-
milar to those observed in rats from
group 3. Only the prostate weight
increased by 8.2% compared to
the animals of group 2 and by 23%
compared to the control group.
When measuring the concen-
tration of iodine-containing thy-
roid hormones it was found that
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Table 3

The concentration of iodine-containing thyroid hormones in the blood serum

of rats from different groups

i Statistical Control pathology Mercazolilum + Mercazolilum +
ndicator index Intact control extrac_t frqm lodomarin
Day 12 Day 33 Laminaria
n 6 10 10 10 10
Thyroxine, nmol/L X 57.47 32.61* 25.89%** 35.52% 31.73**
+S; 5.45 7.12 1.97 3.12 2.49
) _ n 6 10 10 10 10
m‘(’)‘i‘/‘ithyron'“e' X 2.69 181% 1.99% 243% 2.22
+S; 0.31 0.10 0.21 0.17 0.17
n 6 10 10 10 10
T,/T,, units X 0.05 0.04 0.08** 0.07 0.07
+S; 0.00 0.00 0.01 0.01 0.02
Notes:

1) * - statistically significant differences from the group of IC;
2) ** — statistically significant difference from the group of CP;

3) * p<0.05; ** p<0.01; *** p<0.001.

already in 12 days of treatment
with mercazolilum (simulation of
experimental hypothyroidism) the
level of T, and T, was significant-
ly lower (by 43.3 and 32.7%, re-
spectively, p<0.05) than in intact
animals (Tab. 3).

At the end of the experiment
(day 33) the level of hormones
remained lower (T, - by 55.0%;
p<0.001 and T, - 26.0%; p<0.01)
compared to the intact control.
The ratio T,/T, representing the
character of deiodination in pe-
ripheral tissues changed from
0.05 to 0.08. It exceeds the refer-
ence values almost by 1.6 times.
These data confirm correctness
of the experiment in creating the
model of mercazolilum-induced
hypothyroidism.

The levels of thyroxin and tri-
iodothyronine in serum increased
by 37.2% (p<0.01) and 22.1%
(p<0.05), respectively, in animals
of group 3 compared to hypothy-
roidism-induced animals, but re-
mained lower compared to the in-
tact group of rats at the end of the
experiment (day 33). The ratio
of T,/T, decreased slightly from
0.08 to 0.07. The aqueous extract
from Laminaria did not fully re-

store the synthesis of thyroid hor-
mones in animals with mercazo-
lilum-induced hypofunction de-
spite its evident antigoitrogenic
effect.

The similar results were ob-
tained in the group of animals
treated with the reference drug
Iodomarin (group 4). The concen-
trations of T, and T, increased by
22.6% (p<0.01) and 11.6%, re-
spectively. Therefore, lodomarin
was inferior to the extract from
Laminaria by the specific effect
on the thyroid gland.

This effect can be explained by
short-term introduction of the ex-
tract from Laminaria studied and
the reference drug lodomarin, dose
and the mechanism of experimen-
tal hypothyroidism development.
[t was determined that mercazo-
lilum revealed a strong inhibiting
action on the biosynthesis of thy-
roid hormones (group 2 of the ex-
perimental animals). Probably the
extract from Laminaria as a pro-
phylactic agent would prevent de-
velopment of the iodine deficien-
cy state and promote earlier resto-
ration of the hormone-synthetic
function of the gland. Elucidation
of the mechanisms of the thyroid-

stimulating effect on the thyroid
gland requires further research.

CONCLUSIONS

1. On the model of mercazo-
lilum-induced hypothyroidism the
extract from Laminaria in the dose
of 1 ml/100 g of the body weight
shows the antigoitrogenic effect
(prevention of the thyroid weight
increase), which exceeds the effect
of the reference drug lodomarin.

2. The extract from Laminaria
and Iodomarin in our experiments
does not show complete recove-
ry of the thyroid hormone produc-
tion function (by the level of thy-
roid hormones in the blood serum)
in rats with mercazolilum-indu-
ced hypothyroidism compared to
intact animals. However, increase
of the level of thyroxin and triiodo-
thyronine is observed in animals
treated with extract from Lamina-
ria by 37.2% and 22.1%, respec-
tively. When using lodomarin the
increased concentrations of T, by
22.6% and T, - by 11.6% were
observed.

3. The thyroid-stimulating ef-
fect of the aqueous extract from
Laminaria studied exceeds the ef-
fect of the reference drug lodo-
marin.
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JOCIIKEHHA AHTU30B0TEHHOTO E®EKTY EKCTPAKTY JIAMIHAPIT HA MOJIEJII MEPKA30JIIJIOBOTO
T'IMOTHUPEO3Y

B.0.0psosa, B.M.KpasueHko, 0.A.lllep6ak, B.A.I'eopziany, L M.Baadumuposa*

HayionaawsHuil hapmayeemuyHuli yHisepcumem, [Incmumym nideuweHHs keaaighikayii cneyianicmie gpapmayii
HayioHasvHoz20 hapmayeemuyHozo yHigepcumemy*

Karwouosi caoea: ekcmpakm aaminapii; wyyumonodi6Ha 3a.103a; Mepkas3o0.1ia08utl 2inomupeo3; mupeoioHi 20pMoHU

[IpedcmasseHi pesyrbmamu ekcnepuMeHmMaabHO20 BUBYEHHS 8NAUBY BOOH020 eKcmpakmy AamiHapii Ha PyHKYi0 wu-
monodi6Hoi 3a103uU 8 NOPIBHSIHHI 3 LI00OMAPUHOM HA MOODei MepKa301i/108020 einomupeo3y. BcmawnosaeHo, wjo ekcmpakm
AamiHapii euseasie aHmuszobozeHHull ehekm, BUHAUeHUll 3a pe3y1bmamamMu 8UMIPIOBAHHS Macu WumonodibHoi 3a-
/103U, siKuli nepegepuiye epekm tiodomapuHy. BeedeHHs1 ekcmpakmy aaminapii i tiodomapuHy He npugodums do 8i0H08-
JIeHHs1 PIBHS MupeoioHUX 20pMOHI8 y KpOo8i, AKUL 3HAYHO 3HUNCYEMbC HA MAT eKCnepuMeHmMaabHo20 2inomupeosy. Ase,
8paxosyioyu paHiule 8CMaH08AeHUl CMUMYAI08AAbHUL 8NAUE HA 20PMOHOCUHMe3yovy YHKYi0 wumonodibHoi 3a.103u
8 IHMaKmHux meapuH, 8usi8/eHuUll 8Upa3Huli aHmu3o6ozeHHUll epekm HA Model eKchepuMeHMaAbHO20 einomupeosy
ma eusHavyeHe nidsuweHHs pigHss mupeoidHUX 20pMOHiI8 y KiHYi ekchepumeHmy daromb nidcmaasy 3po6umu 8UCHOBOK
npo mupeoidocmumyarosanbHull efhekm 0ocaidHcy8aHo20 800HO20 eKCMpakmy AaMiHapii.

HCCJIEAOBAHHUE AHTHU30B50TEHHOT' O 3®®EKTA 3KCTPAKTA TAMUHAPHHU HA MOJAEJ/IN MEPKA30J/IN/JIOBOI'O
THINOTUPEO3A

B.A.Opsoea, B.H.Kpasuenko, E.A.lllep6ak, B.A.l'eopeusiiy, H.H.Baadumuposa*

HayuoHaawHb1il hapmayesemuyeckuii yHugepcumem, HHcmumym nogsluleHus1 Keaaugukayuu cneyuaaucmos
gpapmayuu HayuoHarbHozo hapmayeemuyeckozo yHugepcumema*

Katouesbie c108a: IKCMpakm AaMUHaApuu; WumoguoHasl Heeae3a; MepKa30au108blll 2UN0mupeos; mupeoudHsle 20pMOHbI

IlpedcmassieHbl pe3ybmamsi IKCNEPUMEHMANbHO20 U3YHeHUS 8AUSTHUS 600H020 SKCMPAKMA AAMUHAPUU HA PYHKYUHO
WuUmMosudHOII Hcee3bl 8 CPABHEHUU € U0JOMAPUHOM HA MOJeaU MEPKA301UI08020 2UNOmMupeosd. YcmaHoe/1eHo, Y¥mo
IKCMpaKm AAMUHApUU uMeem aHmu30602eHHbIU 3hexm, onpedeseHHbIl NO pe3y1bmamam usmepeHus Maccbl Wumo-
sudHoll sicese3vl, Komopblll npesvluiaem 3ggdekm tlodomapuHa. Beedenue skcmpakma aamuHapuu u tiodomapuHa He
npugodum K 80CCMAaHOB/1eHUI0 YPOBHSI MUPEOUIHBIX 20PMOHO8 8 KPOBU, KOMOpPbIll 3HAYUMEAbHO CHUMCAEMCsl NPU IKC-
nepumeHmasavbHoM 2unomupeose. Ho, yuumsieasi paHee yCmaHo8/AeHHOe CMUMy/upyoujee 8ausiHue Ha 20pPMOHCUHMe-
muyeckylo yHKYUo WumosudHoll dicese3bl y UHMAKMHbBIX HCUBOMHBIX, 8bls18/1€HHbIU 8bIPANHCEHHbIU AHMU30602€HHbIT
agppexkm Ha Modeau IKChepuMeHMa/IbHO20 2UNOMepu03a U onpedeeHHOe HaAMU NO8bIWEeHUEe YPOBHS MUPEOUTHbIX 20p-
MOHO8 8 KOHYe IKCnepumMeHma 0arm 0CHO8aHue c0e1amy 861800 0 Mupeoudcmumyaupyrouem deticmeuu uccaedyemozo
800H020 IKCMPAKMA AAMUHAPUU.
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