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Abstract. Weight of the thyroid, adrenal glands, and the liver of white rats in the conditions of hyperthyroidism:
the possibility of applying indices changes as screening-markers for determining body status effected by organic
and inorganic iodine. Ryabukha O.1. Despite the available information on the interaction between the thyroid gland
activity and that of the adrenal glands, and the liver involvement in their hormones metabolism, the study of the
connection existing between these organs in hyperthyroidism is still incomplete. Changes in the weight indices values of
the thyroid and adrenal glands and the liver of 90 non-linear white male rats were studied. Animals received
histologically verified minimally active (21 ug iodine per kg body weight), moderate (50 ug iodine per kg body weight),
and significant (100 ug iodine per kg body weight) doses of organic and inorganic iodine during 30 days under the
model hyperthyroidism conditions. It was found that consumption of organic and inorganic iodine at a minimal dose
approximates the digital values of adrenal gland and those of the liver of the intact animals. Consumption of a
moderate organic iodine dose is accompanied by a decrease in the previously achieved values of the thyroid weight
index by 17.28%, and the increase in the liver weight index by 19.66%. When consuming a moderate amount of
inorganic iodine, the largest change in the values achieved was the liver weight index which increased by 13.76%.
Consumption of organic and inorganic iodine compounds in a significant dose is accompanied by further changing in
the studied parameters. When consuming organic iodine the thyroid weight index grows by 10.44%, that of the adrenal
glands — by 13.33%, the liver — by 34.52%. Consuming of inorganic iodine is accompanied by a rapid increase in the
thyroid glands weight index by 21.25%, that of the liver — by 34.31%. The established indicates the existence of
functional communication between the studied organs, the effect depends on the chemical nature and dose of iodine
consumed. The existing functional dependence gives grounds to apply changes in the weight index of the thyroid gland,
adrenal glands and the liver as screening-markers to determine the body’s condition in hyperthyroidism.

Pedepar. Maca muTONOAIOHMX, HATHHUPKOBMX 32703 Ta MNe4yiHKH Oinux umrypiB B ymoBax rimeptupeo3sy:
MOXKJIUBICTH 32CTOCYBAaHHA 3MiH NOKA3HMKIB y SIKOCTi CKPHHIHr-MapKepiB BH3HAYEHHSI CTaHy OpPraHisMy npu
BILUIMBi opraniuHoro i HeoprauiuHoro iioxy. Psidyxa O.l. Ilonpu Hasasui @idomocmi npo 63a€EMHY 3A1edHCHICMb
OisinbHOCMI  WUMONOOIOHOI 3aN03U [ HAOHUPKOBUX 3AJ03 MA YY4ACMb NeYiHKU 6 Memabonizmi iXHIX 20pMOHIS,
00CHI0HCeHHS 36 A3KY, AKUL ICHYE MIdC YUMU OpeaHaMu Npu 2inepmupeosi, nposeoeHe uje 8 HedOCMamHboMy 00CA3I.
Busuanucs 3minu noxasnuxie koegiyienmie macu wumonooionux i HAOHUPKoBuUx 34103 ma nedinku 90 O6inux HeaiHiuHUxX
wypis-camyie. Bnpooosoic 30 Onie nepebysanns 6 3MOOEIbOBAHUX YMOBAX 2INEPMUPEO3y MEAPUHU OMPUMYBALU
2ICMONOCINHO BUSHAYEH] MIHIMAbHO Oitoyy (21 mxe/ke macu mina), nomipny (50 mxe/ke macu mina) i 3uauny (100
MK2/Ke macu mina) 003U OpeaHiuHO20 [ HeopeaHiuHoeo uody. Ycmawnoenenwo, wo NPUuiMAanHs OpPeaHiuHO20 |
HEeOpeaniyHo2o 100y 8 He3HayHIill 003 Habuxicae Yupposi sHaueHHs: KoepiyicHmie Mac HAOHUPKOBUX 3aN03 | NeYiHKU
00 noxasHukie inmakmuux meaput. [Iputimanns nOMIpHOT 003U OP2aHIYHO20 100y CYNPOBOOINCYEMBCA 3MEHUICHHSM,
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Wo00 NONepeoHbO OO0CACHYMUX 3HAYEeHb, Koeiyicuma macu wumonodionux 3anoz ma 17,28% ma 30inbuennam
Koeghiyienma macu nevinku na 19,66%. Ilpu cnosicusanni nOMIpHOT KitbKocmi HeOp2aHiuHo2o o0y HAUOLIbUUX 3MIH

wWooo O0CASHYMUX

6eUYUH 3a3HAE Koeiyicum macu nedinku, axuu spocmae Ha 13,76%. CnoowcusanHs cnoiyk

OP2aHIYHO20 [ HeOpeaHiuHo2o 100y 8 3HAUHIU 003[ CYNPOBOONCYEMbCS NOOANLUIUMU 3MIHAMU OOCAIONCYSAHUX NO-
kasnukis. [Ipu npuiimanni opeaniunozo 100y Koeiyicum macu wumonodionux 3anos spocmae Ha 10,44%, Hao-
Huprosux 3an03 — na 13,33%, neuinku — na 34,52%. Iputimanns Heopeaniunoeo 1oy CYnpo8oOINCYEMbCS CIMPIMKUM
3pocmaHHAM Koeiyicuma macu wumonodionux 3ano3 wa 21,25%, neuinku — na 34,31%. Ycmanoenene sexazye na
HAABHIC PYHKYIOHATLHOO 36 "A3KY MIdC 0OCHIONCYBAHUMU OP2AHAMU,; NPU YbOMY Pe3VIbMAam GHIAUGY 3ANENCUMb 8I0
XIMIYHOL npupoou i 003u cnodcumoezo 1ody. Hasena ¢ynxyionanvna sanedxcnicmes 0ae niocmagu 3acmocogyeamu 3MiHU
NOKA3HUKIE MACU WumonoodiOHOl 3an03u, HAOHUPKOGUX 3A7I03 MA NEYIHKU 8 SAKOCHMI CKPUHIHS-MAPKEPI8 GU3HAYEHHS

CMAHy OpeaHizmy npu cinepmupeosi.

In recent years, the state of the body is ever more
frequently determined by analyzing the data ob-
tained by weighing or measuring of various morpho-
metric parameters. Thus, the study of the correlation
between the body weight and the internal organs’
weight and volume is rather perspective [2, 13, 14,].
Applying screening studies aimed at determining
changes in the status of the organs, which, being
significant for the body, do not belong to the same
physiological system, but have functional links with
each other is expedient [10, 11]. In this aspect, the
thyroid gland is of considerable interest, being
directly or indirectly connected with the course of
many processes [8]. Since the thyroid gland is
actively involved in the activity of the “hypo-
thalamic-pituitary-thyroid” axis, by means of which
the thyroid gland is linked with the adrenal glands,
the state of the thyroid gland matters in responses to
stress [4, 9]. In particular, the dependence of
biochemical parameters of the liver condition and its
morphofunctional characteristics on the changes in
the thyroid gland functional activity has been traced
[5]. However, it is the thyroid pathology that oc-
cupies a leading position among endocrine diseases
[15]. A fairly common disorder of thyroid activity is
hyperthyroidism, which is characterized by the
acceleration of both synthesis and catabolism of
proteins, which leads to their metabolism disorders
[3]. In the meantime, the relationship between the
liver thyroid, and adrenal glands in hyperthyroidism
has not been well studied.

The purpose of the research project was to study
the influence of iodine with different chemical
nature on the thyroid gland weight and on the weight
of adrenal glands and the liver, functionally con-
nected with the thyroid gland, in the conditions of
the increased functional activity of thyroid gland, in
order to identify weight changes of these organs as
markers of changes in the body status.

MATERIALS AND METHODS OF RESEARCH

A study of 30 days duration was performed on 90
non-linear white male rats with an initial body
weight of 140-160 g, with 80 animals being on a
synthetic isocaloric starch-casein diet, deficient in
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iodine content. The source of water-soluble vitamins
in the diet was a standard vitamin solution, made
with distilled water; fat-soluble vitamins and o-
tocopherol came from unrefined sunflower oil. All
nutrients were added to the food mixture in quan-
tities recommended for animals of this species and
age; the drinking bowls were filled with distilled
water, which animals consumed ad libitum. Cages
were cleaned daily before filling the fodder with the
feeders. The state of subclinical hyperthyroidism
was induced by applying thyreoidinum (Belgorod-
vitaminy LLC, Russia), which was consumed
physiologically with food in a histologically
determined amount of 15 mg per 100 g body weight.
The study was carried out in the spring-summer
period to unify the study and to avoid the influence
of seasonal and temperature variations. The
functional activity of the thyroid gland was affected
by the compounds of organic and inorganic iodine,
which were added to the food mixture. Organic
iodine was consumed with the iodine-protein
components from the Black Sea red algae
Phyllophora nervosa (DC.) Grev., inorganic iodine —
with a potassium iodide solution, prepared with
distilled water. The choice of iodine doses was made
taking into account that the dose of iodine 50 pg per
kg body weight is sufficient for normal functioning
of the thyroid gland. Both iodine-containing
substances were introduced in the amounts ensuring
administration of a histologically verified minimally
active (21 pg per kg body weight), moderate (50 pg
per kg body weight) and significant (100 ug per kg
body weight) iodine doses [12].

The rats were divided into 9 groups of 10 animals
in each. The rats of group 1, which were universal
controls (C;) for animals of other groups, were kept
on the complete, commonly used vivarium fodder.
Rats of group 2 were on the iodine deficient diet and
served as a control (C,) to determine the indices of
the organs’ weight under the conditions of iodine
deficiency in the diet. The animals of groups 3-9
took thyreoidinum, while the rats of group 3 were a
control (C;) in determining the features of the both
iodine-containing drugs’ effect on the weight of the
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internal organs under study. To the diet of the rats in
groups 4, 5, 6, the amount of 21, 50 and 100 micro-
grams of organic iodine was added, respectively.
Rats of groups 7, 8, 9 received the same amount of
iodine of inorganic chemical nature.

At the end of the study period, the animals were
decapitated under the ether anesthesia. Experiments
with the use of laboratory animals were carried out
in compliance with the Law of Ukraine “On Pro-
tection of Animals from Cruel Treatment”
(No. 3447-1V of February 21, 2006), as well as the
“General Ethical Principles of Animal Experiments”
adopted by the 1st National Congress on Bioethics
(Kyiv, 2001) following the requirements of the
Bioethics Committee of the Lviv Medical Institute
(Protocol No. 22 of May 15, 2017), agreed with the
provisions of the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes” (Strasbourg,
1986). The thyroid and adrenal glands and the liver
were separated from the connective tissue and
weighed. The absolute weight of the thyroid and
adrenal glands was determined by means of the Bt-
500 torsion balance (absolute error of the parameters
+1.0 mg), the liver — with the BLA-200-M analytical
balance (measurement range +10 mg); laboratory
scales with an error index of +£0.5 g were used to
determine the body weight. Relative weights of
organs (organs weight index) were calculated using
formulas (1) and (2):

_a-100
b

k

(1),

where £ is the weight index of the liver; a - absolute weight of the liver;
b - body weight of the animal; 100 - conversion factor in determining
the relative weight of the liver;

_a-1000
b

where £ is the weight index of the thyroid/adrenal glands; a - absolute
weight of the thyroid/adrenal glands; b - body weight of the animal;
1000 - conversion factor in determining the relative weight of the
thyroid/adrenal glands.

k ),

The digital results were presented in the form of
the arithmetic mean and its standard error (M+m).
The mathematical processing of the data obtained
was carried out using licensed programme StatSoft
Statistica v6.0 (serial 31415926535897); the results
were compared to each other by comparing the
numerical indices obtained with the consumption of
identical doses of iodine from the both iodine-con-
taining compounds, and by studying the effect of
their increasing quantities. The reliability of the
results was assessed according to Student’s #-test at a
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level of statistical significance p<0.05 [1]. The
criterion for their assessment was the approximation
of the obtained indices to the intact animals’
parameters of group 1.

RESULTS AND DISCUSSION

The digital parameters of the study results are
presented in table.

Analysis of the data obtained showed that
administering of the exogenous thyroid hormone
(group 3 rats) resulted in a rapid reduction of the
thyroid glands weight index by 58% compared to the
intact animals of group 1 and by 40% compared to
those of group 2; in both cases — p<0.01. At the
same time, the digital values of the adrenal glands
and liver weight indices in rats of the discussed
group were significantly higher than the similar
indices in the intact animals (by 20% and 32.1%,
respectively) and in the animals of group C, (by
38.5% and 17.84%, respectively; p<0.01). Such a
nature of changes in the weight indices of these
internal organs can be logically regarded as a mani-
festation of a significant thyreoidinum-induced disor-
der in the functional balance (in particular, its ability to
cause a stress-inducing effect), as well as suppression
of the thyroid gland hormonal function and disorders
of thyroid and steroid hormones metabolism.

Consuming of organic iodine in the amount of 21
pg by the animals of group 4 contributed to the rapid
(by 28.57%) growth in the digital values of the
thyroid gland’s weight index compared to the
control group C; (p<0.05). The above mentioned
effect occurred simultaneously with the normaliza-
tion of the adrenal glands weight index (compared to
the control group C;, p>0.05) and the tendency to
normalization of the liver weight index, which
decreased by 19 % (compared to the control group
Cs, p<0.05). Despite the fact that the values of the
thyroid weight index were by 46% less than in the
intact animals (p<0.01), we consider this nature of
changes in the weight indices of the studied internal
organs to be a sign of significant mitigation of the
functional  hyperthyroidism manifestations, in
particular, improvement the morphofunctional status
of the adrenal glands and the liver and optimizing
the thyroid and steroid hormones metabolism.

The consumption of organic iodine in higher
doses was accompanied by changes (relative to the
achieved values) of the thyroid gland weight index
simultaneously with increasing digital values of the
adrenal glands and the liver weight indices. The
severity of the changes was proportional to the
amount of organic iodine consumed. Thus, under the
conditions of receiving 50 pg of organic iodine
(group 5), the adrenal glands weight index was still
at the level achieved by consuming its lower dose of
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21 pg (p>0.05), while the values of the of the
thyroid gland’s and the liver’s weight indices were
quite close to the indices in group C; — 0.067+0.003
units compared to 0.063+0.002 units and 42.0+2.4
units compared to 43.6£2.4 units (p<0.05). When
consuming 100 pg of organic iodine by the animals
of group 6, the digital values of all the discussed
parameters changed: values of the adrenal gland’s

and the liver’s weight indices exceeded the para-
meters of rats in the control group 3 by 17.46% and
29.59%, respectively (p<0.05). Such changes in the
weight indices of the internal organs, jointly par-
ticipating in the hormonopoiesis and thyroid hormones
metabolism, indicate the activating effect caused by
organic iodine in a significant dose on all links of these
hormones formation and transformation.

Weight of the body, thyroid glands, adrenal glands, liver and weight indices
of these internal organs in white rats under the influence of organic and inorganic iodine
consumption in the conditions of thyreoidinum-induced hyperthyroidism, M+m

Thyroid Glands Adrenal Glands Liver
. Animal body
Animal .
groups weight,
() organ weight, weight index, organ weight, weight index, organ weight, weight index,
(® (units) (® (units) ® (units)

1(Cy) 176.0£3.1 0.022+0.0008 0.15+0.008 0.035+0.0001 0.15+0.002 9.0+0.37 33.1+0.52

n=10

2(Cy 224.0+0.9 0.025+0.0008 0.105+0.003 0.031+0.0007 0.13+0.006 9.1+0.59 37.2+0.23

n=10

3(Cy) 213.3+0.51 0.013+0.0004 0.063+0.002 0.038+0.0037 0.18+0.05 9.3+0.41 43.6+2.4

n=10 p<0.01(1) p<0.01 (2) p<001(1) p<005(1) p<0.01(1)
p<005(Q2) p<001(2) p<001(2) p<0.01(2)

4 261.9+0.56 0.021+0.0008 0.081+0.003 0.038+0.0011 0.15+0.004 9.2+0.35 35.1+1.8

n=10 p<0.01(1) p<0.01 (3) p<001(1) p<0.05(3) p<0053)
p<0.013) p<0013)

5 262.0+2.55 0.014+0.0046 0.067+0.003 0.039+0.0047 0.15+0.005 11.1£0.63 42.0+£2.4

n=10 p<0.01(1) p<0.05 (4) p<001(1) p<0.01 (3) p<0.01(1)
p<0013) p<001(4) p<0.05 (4) p<005@)

6 246.8+0.5 0.018+0.0008 0.074+0.003 0.043+0.012 0.17+0.006 11.1+0.74 56.5+4.5

n=10 p<0.01(1) p<0.01 (3) p<001(1) p<0.01 (3) p<0.05 (3) p<0.01(1)
p<0013) p<0.05 (5) p<001(3) p<0.01 (4) p<0.05 (4) p<001(3)
p<0.01(4) p<001(4) p<0.01 (5) p<0.01(4)
p<001(5) p<001(5) p<0.01(5)

7 236.1+4.36 0.018+0.0011 0.08+0.008 0.042+0.0014 0.17+0.005 8.4+0.44 35.6+1.3

n=10 p<0013) p<0.01 (3) p<001(1) p<0.01 (3) p<0.05(3) p<001(3)
p<0.014) p<005(3) p<0.01 (4) p<0.05 (4)

8 234.5+4.17 0.019+0.0011 0.08+0.005 0.043+0.0013 0.18+0.069 9.5+0.32 40.5+1.5

n=10 p<0013) p<0.01 (3) p<001(1) p<0.01 (3) p<005(1) p<0.01 (5) p<0.01(1)
p<001(5) p<0.05 (5) p<0013) p<0.01 (5) p<0.05 (7) p<005(3)

p<005(5) p<005(7)

9 198.0+5.29 0.019+0.0006 0.097+0.006 0.038+0.0016 0.19+0.029 8.5+0.7 54.6+4.3

n=10 p<0.01(1) p<0.01 (3) p<001(1) p<0.05 (6) p=005(1) p<0.05 (6) p<0.01(1)
p<0013) p<001(3) p<0.05 (7) p<001(3)
p<0.01(6) p<0.01(6) p<0.05 (8) p<0.01(7)
p<0.01(7) p<001(7) p<001®)
p<0.01(8) p<001®)

Note: at p>0.05 the indices were not entered in the table; numbers in brackets indicate the number of the group which the comparison was made with.

Under the conditions of consuming 21 pg of inor-
ganic iodine, the thyroid gland weight index (rat
group 7) was higher (by 26.98%) than that in the
control group C; (p<0.05). Besides, the values of the
adrenal glands and the liver weight indices in the
discussed group of animals were lower than the
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control C; group parameters by 5.6% and 18.35%,
respectively (p<0.05), herewith the liver weight in-
dices were close to the indices of the intact animals
in group C;.

A growth in the consumed inorganic iodine dose
up to 50 ug (group 8) had a slight effect on the
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thyroid and adrenal glands weight indices
(0.08+0.005 units and 0.18+0.069 units compared to
the results of animals in group 7 — p>0.05). At the
same time, liver weight index has grown by 13.76%
(p<0.05). Taking into account that the digital values
of the thyroid glands weight index in animals of the
discussed group were smaller than those of the intact
animals by 46.7%, and the weight indices of the
adrenal glands and the liver were higher by 20% and
22.36%, respectively (p<0.05), we believe that,
against the background of the thyreoidinum action,
consumption of inorganic iodine in the amount
under study impairs hormonopoiesis and metabolic
transformations of thyroid hormones. A similar way
of changes in the discussed indices was also
observed in animals of group 9, to whose food diet
100 pg of inorganic iodine was added.

Thus, consumption of organic iodine in the
amounts close to the minimally acting and moderate
doses (21 and 50 pg per kg body weight) is accom-
panied by an increase in the weight indices
parameters of the thyroid glands by 28.57% and
6.35 % (compared to the control Cs;), with simul-
taneous normalizing of the adrenal glands weight
index and the tendency toward normalization of the
liver weight index. The above mentioned gives us
the grounds to believe that under the conditions of
subclinical hyperthyroidism, the consumption of
organic iodine in these doses has a positive effect on
the general body status. The effect of inorganic
iodine in similar doses is less pronounced, as it is
evidenced by the lack of normalization in the digital
values of weight indices of the studied internal
organs. Meanwhile, consumption of iodine in the
significant dose (100 pg per kg body weight) of both
iodine-containing substances leads to an increase of
the thyroid gland’s weight indices compared to the
values obtained when taking 50 pg of iodine per kg
of body weight (by 10.45% for organic and 21.25%
for inorganic iodine), which in our opinion is a sign
of their functional activity increase, while simu-
Itaneous growth of the adrenal glands’ and the
liver’s weight indicates a deterioration in the general
body status. The effect of a iodine-containing drug
depends on chemical nature of the iodine consumed:
the effect achieved by administering of organic
iodine is more pronounced than that of inorganic
iodine in the similar dose, which may be the result of a
more activizing effect of organic iodine compounds.

Thus, the results of our studies are consistent
with reports from a number of researchers con-
cerning the correlation between the thyroid gland
and the adrenal glands and between the thyroid
gland and the liver. Thus, in particular work, [6]
provides information on the functional correlation
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existing between the thyroid gland and the liver in
hyperthyroidism, and it was emphasized on rather
frequent combination of pathology of these organs.
The existence of a correlation between the adrenal
glands and the thyroid gland’s condition was reported
in [4, 7]. In view of the above information, we consider
a clear tendency, established by us, to normalize the
weight parameters of adrenal glands and the liver as
organs pertaining to the activity of the thyroid gland, to
be an informative sign (screening marker) of effect of
the iodine-containing compounds on the body. At the
same time, determining the organ weight in vivo is
possible through the mathematical transformation of its
length, width and height parameters obtained during
other studies. This makes the presented approach to
testing the body condition through determining thyroid,
adrenal and liver weight available for practical
application and promising for research in the field of
endocrinology, hygiene, toxicology.
CONCLUSION

1. It was found that consumption of organic and
inorganic iodine at a minimally acting dose appro-
ximates the digital values of adrenal gland and liver
weight indices to those of the intact animals.

2. Consumption of a moderate organic iodine dose
is accompanied by a decrease in the previously achie-
ved values of the thyroid weight index by 17.28%, and
the increase in the liver weight index by 19.66%.
When consuming a moderate amount of inorganic
iodine, the largest change in the values achieved was
the liver weight index which increased by 13.76%.

3. Consumption of organic and inorganic iodine
compounds in a significant dose is accompanied by
further changing in the studied parameters. When
consuming organic iodine, the thyroid weight index
grows by 10.44%, that of the adrenal glands — by
13.33%, the liver — by 34.52%. Consuming of inor-
ganic iodine is accompanied by a rapid increase in
the thyroid glands weight index by 21.25%, that of
the liver — by 34.31%.

4. The changes of the thyroid, adrenal glands and
the liver weight, which occur when consuming
iodine-containing substances, indicate that these
internal organs belong to a single functional module.
Taking into account the significance of these organs
for the body activity, the existing functional depen-
dence gives grounds to apply changes in the weight
index of the thyroid gland, adrenal glands and the
liver as screening-markers to determine te body
condition in hyperthyroidism.

Conflict of interests. The authors declare no
conflict of interest.

The prospect of further research is seen in the study
of the thyroid gland’s hormonal activity features under
the effect of iodine with various chemical nature.
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