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Effects of Rhodiola semenowii extract on hematological parameters
in experimental hypothyreosis

Thyroid pathology has a leading position in clinical endocrinology. Diseases of the thyroid gland in terms of
prevalence are comparable with diabetes mellitus, and far ahead of other endocrine disorders. Current treat-
ment approaches of hypothyroidism are rarely based on the pathogenesis, and are reduced ‘to hormone re-
placement therapy. The purpose of this study is to determine the general hematological parameters after cor-
rection of experimental hypothyroidism with an extract of the root of the plant R. semenowii both alone and in
combination with potassium iodide. As a result of the study, we found that in the experimental treatment of
hypothyroidism, the extract of the root of R. semenowii B. with a predominant content of thodioflavonoside
has a pronounced therapeutic effect, expressed in the normalization of the level of pituitary and thyroid hor-
mones. The obtained results indicate the absence of toxic and damaging effects such as activation and inhibi-
tion of hematopoiesis after enteral administration of the root extract of R. semenowii.

Keywords: hematology, hypothyroidism, thyroid, Rhodiola semenowii, extract, phytopreparation, medicinal
plants, root.

Introduction

Thyroid pathology has a prime position in clinical endocrinology. Diseases of the thyroid gland in terms
of prevalence share the priority with diabetes mellitus, far ahead of other endocrine disorders. Thyroid
hormones (THs) that are synthesized and released by the thyroid are essential for normal growth, develop-
ment, and metabolism of organisms, as well as energy homeostasis. Even small changes or an imbalance in
thyroid homeostasis may adversely affect human health [1].

The methods of treatment are associated with the prescription of medications containing thyroid
hormones; patients often do not adhere to. treatment regimens. If the treatment is not adequate, then the
patients might develop ischemic heart disease, disorders in reproductive system, and psychological disorders.
With a high dose of hormones, myocardial dystrophy might develop and there might be changes in mineral
composition of bone tissue [2]=Currently, the greatest prevalence and clinical significance are primary hypo-
thyroidism caused by a defect in the biosynthesis of hormones T4 (and T3) due to disorders in the thyroid
gland. Its frequency among the population is high: overt hypothyroidism — 0.2-2.0 %, subclinical — ap-
proximately 7—10 % among women and men 2-3 %. In the group of older women, the prevalence of all
forms of hypothyroidism can reach 12 % or more (sporadic goiter). These data suggest that hypothyroidism
is one of the most common endocrine diseases. Hypothyroidism might cause the development of complica-
tions from'the cardiovascular, digestive, reproductive, and central nervous systems, and in case of decom-
pensation, it might lead to death [3]. With a decrease in the function of the thyroid gland, changes in the
hematopeietic system might occur [4]. Currently, it has been established that a deficiency of thyroid
hormones leads to a qualitative and quantitative impairment of erythropoiesis [5]. It has been proven that low
levels of thyroxine and thyroid teranine lead to impaired erythropoiesis, including a direct relationship
between the erycitic index and the content of thyroid hormones in the blood [6]. Hypothyroidism has various
effects on hematopoiesis, peripheral blood cells, and the coagulation system. 25-50 % of patients with
hypothyroidism suffer from anemia and concomitant diseases that develop with dysfunction of the thyroid
gland [7]. The protocol for the treatment of thyroid disorders has not changed over the past 15 years, and the
new offered drugs are not effective enough [8].

Herbal medicines, acting systemically on the body, regulate the functions of various interconnected
systems and organs. They have almost no side effects, and can be used both for treatment and the prevention
of various diseases [9]. Research illustrates that Rhodiola semenowii Boriss. stimulates the body's immune
response, enhances cell proliferation in the central and peripheral organs of the immune system and weakens
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inflammatory damage in various diseases, regulating the differentiation of immune cells, activating
inflammatory signaling pathways and releasing inflammatory factors [10]. Since stress factors with low
immunity are the main causes of thyroid diseases, our main task is to conduct an experimental study by
correcting (treating) primary hypothyroidism using an extract of the plant R. semenowii.

Experimental

The study material was the extract of the root of the plant R. semenowii both alone and in combination
with potassium iodide. The experimental study was carried out in two stages on nonlinear white male rats
(50 individuals) weighing 200-250 g. Animals were kept in cages in groups of 10 individuals. There were 4
groups of animals in total. Wood sawdust was used as a bedding. The air temperature in the premises of the
vivarium was maintained in the range of 18-200 °C with a relative humidity of 60-70 %. The animals were
kept under standard conditions on a vivarium diet. Animals were monitored daily applying an open field
behavioral test and weighed. All experimental studies were conducted in accordance with:thetules set out in
the Guidelines for preclinical, biomedical, and clinical research in Kazakhstan (July 2552007, No. 442).

At the first stage, all animals were divided into 2 main groups: 1% group — control, 2" group —
experimental hypothyroidism. The first group of animals received oral water (placebo) daily for 15 days. To
simulate experimental hypothyroidism in the second group, the pharmaceutical drug “Mercazolil Health”
(“Health” pharmaceutical company, Ukraine) was used. Daily mercazolil was administered orally at the rate
of 2.5 mg per 100 g of body weight for 15 days [11]. After creating an experimental model of
hypothyroidism, a control study of the levels of TSH, free T4, free T3; and TG in the blood serum was
carried out to confirm the development of the hypothyroidism state.<At the second stage of the research,
animals of the second group with confirmed hypothyroidism were divided into 3 subgroups: subgroup 2a —
hypothyroidism model without treatment; subgroup 2b — correction of hypothyroidism with an extract of R.
semenowii root by enteral administration of the extract at the rate of 2.5 mg per 100 g of body weight animal
for 28 days; and subgroup 2c — correction of hypothyroidism with an extract of the root of R. semenowii by
enteral administration of the extract at the rate of 2.5 mg per 100 g of animal body weight in combination
with potassium iodide at the rate of 1 pg per 100 g of body weight for 28 days.

At the end of the experiment, peripheral blood was taken from all animals for hematological and
immunochemical studies in vacutainers containing the K3-EDTA anticoagulant and a coagulation activator
with a separating gel. Hematological tests were carried out on an automatic hematological analyzer Sysmex
XS-550-1 (Japan). Levels of TSH, free T4; free T3, and TG in blood serum to confirm the hypothyroid state
were conducted on an automatic immunochemiluminescence analyzer “Immulite 2000XPi” Siemens
(Germany). The obtained data were analyzed applying statistical methods in the Statistica-6.0 program. The
significance of the arithmetic mean differences was assessed using the Student’s t-test. P values < 0.05 were
considered statistically significant.

Results and Discussion

According to the available” chemical composition data, in the root extract of plant R. semenowii
substances such as flavonoids (74.8 %), coumarins (11.7 %), phenolic acids (6.1 %), and polysaccharides
(7.4 %) were identified. The main biologically active component of flavonoids was rhodioflavonoside. In the
course of this‘study, the purpose was to determine changes in the general hematological parameters after
correction of experimental hypothyroidism with an extract of the root of the plant R. semenowii both alone
and in combination with potassium iodide. The results of the study of the comparative assessment of the
hematological parameters of the observed groups are presented in Table 1.

In the Table, there were statistically significant differences (p<0.001) between the hematological
parameters of experimental animals, including the total number of leukocytes, the total number of
erythrocytes, hemoglobin level, and the total number of platelets, but they were all within the physiological
norm. Based on analysis of the hematological parameters of animals in groups 1, 2a, 2b, and 2¢ the following
data was illustrated: the hemoglobin content in animals with experimental hypothyroidism was
160.60+4.47 g/1 versus 146.00+4.06 g/l in the control. Here, small relative changes can be noticed. When
counting the number of red blood cells 7.06+0.58x10'%/1, leukocytes 7.28+1.13x10%1, and platelets
475.41£49.47x10%/1 in animals of subgroup 2a with experimental hypothyroidism, it was found that the
arithmetic mean values of the amount of the above elements are normal and do not differ significantly from
those of clinically healthy animals of the 1% control group. The percentage of different types of leukocytes in
animals of subgroup 2a did not change considerably in comparison with the leukogram of control animals.
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Small relative changes were also observed only in the content of lymphocytes in animals of subgroup 2a with
experimental hypothyroidism 48.48+2.76 % versus 40.40+£2.30 % in the control group.

Table 1

Hematological parameters of the blood of rats of the intact group, with hypothyroidism and experimental
treatment with the extract R. semenowii B. both alone and in combination with potassium iodide

Correction
Internatio Experimental | Correction with ngsnf:;roav(;i
Indicator name, nal Control group |Hypothyroidism| extract R. T L
unit of measurement abbreviat (group 1) in no cure semenowii m.combmaFlon
ion (group 2a) (group 2b) w1th'p ot.assmm
iodide
(group 2¢)
Total number of Leukocytes, 10%/1 WBC 6.22+0.44 7.28+1.13 7.64+1.19 6.73x1.04
Total Red Blood Cell Count, 10'%/1 RBC 6.29+0.52 7.08+0,58 7.81+0,65 8.28+ 0.68
Hemoglobin level, g/l HGB 146.00+4.06 | 160.60+4.47* | 157.39+4.38 154.24+4.29
Total platelet count, 10%/1 PLT 413.40443.02 | 475.41+49.47 | 57049+£59:3 | 599.02+62.34
Absolute neutrophil count 10%1 Neut 3.06+0.41 3.03+0.54 3.46+0.86 2.55+0.80
Absolute lymphocyte count 10%/1 Lymph 2.51+0.14 3.52+0.51 3.53+0.72 3.63+0.60
Absolute content of monocytes 10%/1 Mono 0.47+0.12 0.52+0.23 0.49+0.13 0.26+0.04
Absolute eosinophil content 10%/1 Eos 0.16+0.05 0.19+0.06 0.12+0.08 0,41£0.07%**
The absolute content of basophils 10°/1 | Baso 0.3+0.01 0.20+0.02 0.04+0.01 0.10+0.05
The relative content of neutrophils % Neut 49.00£3.60 41.58+4.66 45.174£7.44** | 37.57£7.30%**
The relative content of lymphocytes% | Lymph 40.40+£2.30 48.48£2.76* | 46.20+6.53** 54.20+6.57
The relative content of monocytes % Mono 7.56%1.77 7.0042.00 6.56+1.86 6.16+1.35
The relative content of eosinophils % Eos 2.55+0.96 2.59+0.90 1.60+1.14 1.60+0.89
The relative content of basophils % Baso 0.49+0.05 0.35+0.37 0.47+0.09 0.47+0.01
Note. * — statistically significant changes compared to hypothyroidism without treatment (p<0.001); ** — statistically significant
changes versus correction R. semenowii on my own (p<0.001); *** statistically significant changes versus correction R. semenowii
with the addition of potassium iodide

At the second stage of the study, after the application of the extract of R. semenowii, correcting
hypothyroidism, alone and in combination with potassium iodide, the following picture was observed: the
hemoglobin level in subgroups 2b and 2¢ did not demonstrate changes. The number of leukocytes showed
insignificant changes in subgroup2b (7.64£1.19x10°L) compared to subgroup 2a, while in subgroup 2c¢ it
did not show any considerable changes. The level of erythrocytes was considerably increased in subgroup 2c
(8.31£0.68x10%/L), which indicates the restoration of erythropoiesis. The number of platelets in subgroup 2b
was 570.49+59.3x10%/1, and in‘Subgroup 2¢ — 599.02+62.34x10%1. There are no significant changes in this
parameter.

According to the results of some researchers [11-13] on the study of blood parameters in pathologies of
the thyroid gland, the number of erythrocytes in simulated hypothyroidism decreases. In addition, on this
background, the hemoglobin content decreases by 4.65 % in hypothyroid animals which leads to the
development of anemia [14]. In our study, evaluation of the hemoglobin content in animals with
hypothyroidism; in comparison with healthy animals, did not detect any significant changes. When
calculating the number of erythrocytes, leukocytes, and platelets in animals with hypothyroidism, a number
of authors [L1—14] designated that the average values of the named, shaped elements were within the norm
range, not significantly differing from similar indicators of clinically healthy rats, which is consistent with
the results of this study [12]. In studies of experimental hypothyroidism, when assessing the rate of
erythropoiesis, it was found that mercazolil inhibits the maturation of erythrocytes [13]. However, with
short-term modeling of the hypothyroid state, the function of erythropoiesis is preserved.

When assessing the biological effects of iodine-containing preparations in accordance with researchers
[11], the number of erythrocytes in individuals receiving “iodovet” increased, in relation to the group with
hypothyroidism, by 8 %, and the hemoglobin level — by 2.7 %, which indicates the restoration of
erythropoiesis [14]. When assessing hematological parameters, the total number of leukocytes and platelets
in the compared groups did not change significantly. The studied iodine-containing diets contributed to the
restoration of the level of blood cells [12]. In hormone replacement therapy with thymazole, stimulation of
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erythropoiesis takes place due to an increase in the production of erythropoietin, but the actual hematological
changes after reaching euthyroidism are not eliminated [13]. The administration of levothyroxine in
hypothyroidism contributes to the correction of hemogram parameters and the acceleration of iron
metabolism in the body of animals. In addition, when using thyroid hormones in hypothyroidism therapies, it
was shown that an increase in animal body weight reduced the effectiveness of treatment. Good therapy
results were obtained in microcytosis, iron deficiency, hypochromic anemias [11].

Conclusions

As a result of the study, it was identified that in the experimental treatment of hypothyroidism, an
extract of the root of R. semenowii with a predominant content of rhodioflavonoside (up to 70 %) has a
pronounced therapeutic effect, expressed in the normalization of the level of pituitary and thyroid hormones.
Furthemore, the obtained data indicate the absence of toxic and damaging effects such as activation and
inhibition of hematopoiesis after enteral administration of the root extract of R. semenowii B<Based on this,
an extract of the root of R. semenowii with a predominant content of rhodioflavonoside (up to 70 %) in
combination with potassium iodide is recommended for further extended study as a means of correcting
pathological conditions associated with a decrease in thyroid function.
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H.K. Kop6o3oBa, T.H. Ko6ynuna, H.O. Kyapuna, H.B. Tepnenkas, A.K. Hlokan

Rhodiola semenowii CbIFbIHABICBIHBIH IKCIIEPUMEHTTIK TMNePTEePUO3arbl
reMaToJIOTHAJIBIK KOpceTKilTepre acepi

Kankanmia Oe3iHiH HaTOJIOTUSICHl KIMHUKAJIBIK SHIOKPUHOJOTHALA MaHBI3ABI pei arkapaabl. Kaikaxia
6e3iHiH aypynapsl Tapaitybl OolbIHINA Oacka SHIOKPHHAIK aybITKyJlapAaH repi KaHT nuaberiMen Oipaeit
6aceIMIBIKTHI KopceTei. Kasipri TaHaa KoJIJaHbUIaThIH TUIIOTUPEO3 bl MY TOCUIAEpi NaToreHe3re Toyemni
0oJMaibl JKOHE TOPMOHJBI AIMACTBIPY TepamusacbiHa okenexi. Ocbl 3epTTeyal OpbIHAAY OapbIChIHAA
KOWBUIFaH MiHAET — R. Semenowii OCIMAITiHIH TaMBIPBIH JKEKE JKOHE Kauuii HOAWMAIMEH KOCBUIFaH
CBIFBIH/IBICHIH THIIOTHPEO3/bl EMJICyre Kapchl KOJIIaHA OTBIPBIN, OHBIH JKAIIbl T'€MAaTOJOTHSIIBIK
KOPCETKIIITEepiH aHBIKTay. 3epTTey MarepHanbl R. semenowii ©CIMAITIHIH TaMBIPBIHBIH CHIFBIHIBICHL
Ochraiiia KYpTi3iareH 3epTTeyJepliH HOTHXeCi KepceTKeHuael, R. semenowii ©CIMIITIHIH TaMbIpHIHAH
JKaCaJFaH CBHIFBIHIBI TOKIPUOETI THIIOTHPEO3/bl O3[IriHEH HeMece Kaluil HOIAWUA KOCBUIFaH ChIFBIHIBICHI
0osica J1a )KaKChI BIKIAT €TETIHAIr OaliKanael. R. semenowii ©CIMIITiHIH TaMBIPBIHBIH CHIFBIHIBICHI KAJIKAHIIA
6e3i MeH rumodu3AiH TOpPMOHIAp JeHreidin Kambinka kentipeni. COHBIMEH ajIbIHFaH  HOTIDKENEPAiH
capanTamacelHa CyieHcek, R. semenowii ©CIMIITIHIH TaMBIPHIHBIH CBHIFBIH/BICHIH IIIKE aybI3 apKbLIbI
SHIi3reH/ie FeMOIOe3Fa IIKaHAal 3UsH/IbI BIKITAJIBIHBIH )KOKTBIFbI OaifKaIbl.

Kinm ce30ep: rematonorusi, TunepTepuos3, Kankanua 6e3, Rhodiola semenowii, ceiFbiHABL (UTONMpENapaT,
JOPIITIK ©CIM/IK, TaMBIp.

H.K. Kop6o3oBa, T.H. Ko6ynuna, H.O. Kynpuna, H.B. Tepnenkas, A K. [llokan

Bausinue 3xcrpakra Rhodiola semenowii Ha reMaTolornyecKue noKa3aTesu
NPH KCNePUMEHTATbHOM THIlepTepuo3e

[laTonorust WUTOBUIHOMN KENE3bl 3aHUMAET JIMAMPYIOILYIO MO3ULIIO. B KIMHUYECKOW 3HAOKpUHONOruu. Ilo
BCTPEYAaEMOCTH HapYIIECHUS IUTOBUIHOM *ee3bl CPABHUMBL C CaXxapHBIM JHa0eToM, TAKUM 00pa3oM, OHU
HAMHOTO OTepexaroT ApYyrue >HAOKPHHHbIE 3a0oneBaHus. B HacTosmiee BpeMs MPUHLUIMBL, KOTOPHIX HPH-
JeP’KUBAIOTCS TIPU KOPPEKIMH THUIIOTHUPE03a, IPAKTHUECKU HE yUHTHIBAIOT NTATOTCHE3 3a00JICBaHUs U, B OC-
HOBHOM, BKIIIOYAIOT 3aMECTUTEIIbHYI0 FOPMOHAIBHYIO Tepaluio. B xozxe BBHINOIHEHUS JaHHOTO HCCIIENOBa-
HUsI ObLIA TIOCTaBJICHA 3a/iada — OIPEAENUTh O0IIie reMaToJI0THIecKUe ITOKa3aTe ! MOCle KOPPEKIHH JKC-
NIEPUMEHTAILHOIO THIIOTUPEO03a IKCTPAKTOM KOPHS pacTeHUs R. semenowii, Kak CaMOCTOSITENIHOTO, TaK U B
COYeTaHMM C KanueM Hoaupa. MaTepuanoM HCCIEN0BaHMS TIOCIY>KHJI 3KCTPAKT KOPHS pPacTeHHUs
R. semenowii, Kak caMOCTOSITE/IbHO; Tak. M B COMETAHUM C KalueM Hoaupaa. B pesynbTate mpoBeEHHBIX HC-
clieoBaHUil OBLIO YCTAHOBIEHO, YTO B, JKCIEPUMEHTAIBHOM JIEYEHHM THMIOTHPE03a HSKCTPAKT KOPHS
R. semenowii oka3piBaeT BBIPAKCHHBIN TepaneBTHUeCKnil 2 deKT, nposBIsIIOLIMiicS B HOpMaIU3alllii ypPOB-
HS TOPMOHOB rHnodu3sa ¥ MMUTOBUIHON xene3bl. [loydyeHHbIe JaHHbIE CBUICTEIBCTBYIOT 00 OTCYTCTBHM
TOKCHYECKUX U MOBPEXKAAIOIINX 3 (HEKTOB B BUJIE aKTUBAIIMN/YTHETEHNS TEMOII033a [IPU YHTEPATILHOM BBeE-
JICHUU DKCTpaKTa KOpHS R. semenowii.

Knioueswvie cnosa: reMaToioTys, TUIIEPTEPUO3, IUTOBUIHAS Kene3a, Rhodiola semenowii, sxcTpakt, GpuTo-
rnpenapar, JeKapCTBEHHOEC paCTeHHUE, KOPEHb.
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