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The State Pharmacopoeia of the Russian Federation regulates the lower level of iodine content in Laminaria thalli. However,
an excess of iodine is as harmful to the human body as its deficiency.

The aim. To determine the range of permissible iodine content in the medicinal plant raw material “Laminaria thalli” and
products based on it within the framework of a risk-oriented strategy in medicine quality control.

Materials and methods. Samples of medicinal herbal preparations, biologically active additives, food products based
on Laminaria thalli of various origins, samples of algae collected by the authors on the coast of the White Sea and the
Pacific Ocean, as well as literature data on the iodine content in pharmacopoeial species were studied. The iodine content
was determined by inductively coupled plasma mass spectrometry after extraction according to GOST EN 15111-2015.
The non-carcinogenic risk was calculated in accordance with Guidance R 2.1.10.1920-04.

Results. The average (0.14%) and maximum (0.46%) iodine content in pharmacopoeial species of Laminaria thalli was
determined, which correlates with the iodine content norm in Laminaria algae proposed by the U.S. Food and Drug
Administration (FDA) — 0.1-0.5%. It was found that at the maximum therapeutic dose and course of treatment with
laxative herbal preparations, containing 0.5% of iodine, the level of non-carcinogenic risk falls into the category of maximum
permissible. Under similar conditions, treatment, for example, of mastopathy with preparations based on Laminaria thalli
with 0.5% of iodine leads to an unacceptable impact of iodine on human health.

Conclusion. The authors recommend, instead of the existing norm of iodine content (not less than 0.1%), to take into
account the permissible amount of this element (0.1-0.5%), which corresponds to its real content in pharmacopoeial species
of Laminaria thalli.

Keywords: iodine; Laminaria thalli; hazard quotient; risk-oriented strategy; hyperthyroidism; quantitative content
Abbreviations: BAA — biologically active additive; FDA — U.S. Food and Drug Administration; CVD — cardiovascular diseases;
MHP — medicinal herbal preparation; MPR — medicinal plant raw material; EPh — European Pharmacopoeia; FCC —
Food Chemicals Codex; TMAH — tetramethylammonium hydroxide; HQ — hazard quotient.
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HopmupoBaHue coaepxaHus noga B cnoesuliax naMmmuHapum
MU NpoAyKTax Ha UX OCHOBE: UBMEeHeHMe NoaXoa0B B paMKax
PUCK-OPUEHTUPOBAHHOWU CTpaTerun B KOHTpoOsie KayecTBa

JIeKapCTBeHHbIX cpeacTB

B.M. WykuH, H.E. KysbmuHa, E.A. Xoponbckasn, H.[l. ByHATAH
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«Hay4HbI LEeHTP 3KCNepTM3bl CPeacTB MEANLMHCKOTO NPUMEHEHUAY
MuHUCTepCTBa 34paBooXpaHeHuns Poccuiickolt degepaunm,

Poccusa, 127051, r. Mockea, MeTtposckuii 6-p, 4. 8, cTp. 2,
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MonyyeHa 19.05.2023 Mocne peueHsnposaHua 28.12.2024 MpuHaTa K nevatn 11.03.2025

B rocypapctBeHHol dapmakonee Poccuiickoit Pepepauym HOPMUPYETCA HUKHUIA YPOBEHb COAEPIKAHUA M0 B C/I0EBULLLAX
namuHapun. OfHaKo NepeunsbbITOK Moaa TaK XKe BpeleH A1 OpraHu3Ma YesI0BEKa, KaK U ero aeduuut.

Llenb. OnpeaennTb AManasoH AOMNYCTUMOrO COAEpXKaHWA Mofa B JIEKAPCTBEHHOM PaCcTUTENbHOM Cbipbe «J/lamuHapuu
CNI0EBULLA» U MPOAYKTAX HA ero OCHOBE B PaMKaX PUCK-OPUEHTUPOBAHHOM CTPATErMM B KOHTPOJIE Ka4YeCTBa JIeKapCTBEHHbIX
cpeacTs.

Martepuanbl U meTogbl. bbln Uccef0BaHbI 06Pa3Lbl IEKAPCTBEHHbIX PACTUTE/IbHBIX NPenapaTos, BUONOrMYECKN aKTUBHbIX
[06aBOK, NWLLEBOM MPOAYKLMW HAa OCHOBE C/I0EBWLL, JIAMUHAPUM PA3INYHOIO NPOUCXOXKAEHMA, 0bpasLbl BOAOPOC/EN,
cobpaHHble aBTopamu Ha nobeperkbe besioro Mopa 1 TUXOro oKeaHa, a TakXkKe MTepaTypHble AaHHbIe O CoAepKaHuM hoaa
B dapmakoneiHbix Buaax. CoaepaHue iMoga onpeaensnu MeTogoM MacC-CMEKTPOMETPUM C UHAYKTUBHO-CBA3AHHOW
naasmoin nocne 3KcTpakumm no FTOCT EN 15111-2015. PacyéT HEKaHLeporeHHOro pucka MpoBOAUAW B COOTBETCTBUM
¢ PykoBogcteom P 2.1.10.1920-04.

Pe3synbratbl. OnpegeneHo cpegHee (0,14%) n makcumanbHoe (0,46%) copepkaHue loaa B dapmakonenHbIX BuAax
CNI0EBULL, JTAMWUHAPUK, KOTOPOE COOTHOCUTCA HOPMOW coAep:KaHuA Mofa B NaMUHAPUEBBIX BOAOPOCAAX, MPEeAsIOKEHHbIX
YnpasneHMem no CaHMTapHOMY HaA30py 33 Ka4ecTBOM MULLEBbIX NPOAyKTOB M meankameHTos CLUA (U.S. Food and Drug
Administration) — 0,1-0,5%. YcTaHOBAEHO, YTO MPU MaKCMMasIbHO TepaneBTUYECKOW A,03€ U Kypce IeYeHNUA CNabuteibHbIMU
duTonpenapatamu, Npu ycnoBun cogepraHna moga B HUx 0,5%, ypoBeHb HEKAHLIEPOreHHOro PUCKa NOMaAaeT B KaTeropuio
npegenbHO AoNYCTUMOro. Mpu aHaNOTMYHBIX YCI0BUAX IeHeHMe, HanpuMep, MacTonaTn NpenapaTtaMmm Ha OCHOBE CN0EBULL
NaMUHapuu ¢ cogeprkaHvem oaa 0,5% NpuBoAUT K HeAONYCTUMOMY BO3AENCTBUIO 10 Ha 340POBbE YeNOBEKA.
3akntoyeHne. ABTOpbl PEKOMEHAYIOT BMECTO CYLLECTBYIOLLLEN HOPMbI coaepKaHua Moaa (He meHee 0,1%), NnpuHMMATL BO
BHMMaHWe AONycTMMOe Koauyectso 3T1oro anemeHTa (0,1-0,5%), KOTopoe COOTBETCTBYET €r0 PeasibHOMY COAEPNKAHUIO B
bapmaKkonenHbIX BUAAX CI0EBULL TAMUHAPUN.

KnioueBble cnosa: iog; cnoesuLla 1aMUHapum; Ko3dPULMEHT ONACHOCTU; PUCK-OPUEHTUPOBAHHAA CTPATErnaA; rMNepTpeos;
KO/IMYeCTBEHHOE CoAepKaHune

Cnucok coKpaweHuii: BALl — 6Huonornyeckn aktmHas pobaska; FDA — YnpasneHwe no caHWTapHOMY Haz3opy 3a
KauyecTBOM MNWLLEBbIX NPOAYKTOB M meaukameHToB CLUA (U.S. Food and Drug Administration); CC3 — cepgeyHo-
cocyauctble 3abonesaHusa; JIPM — fneKapCTBEHHbIN pacTuTesbHbid npenapaT; J/IPC — nekapcTBeHHOEe pacTUTesibHoe
cbipbe; EPh — EBponelickas dapmaronesn; FCC — KogeKc nuwesbix xumukatos; JIC — nekapcteeHHoe cpeactso; TMAH —
TeTpaMeTUNaMMoHuA rmapokens; HQ — koadbduumMeHT onacHoOCTH.

INTRODUCTION to changes in eating patterns and food production

The implementation of salt iodization programs
around the world has reduced the incidence of
iodine deficiency-related diseases. However, 30%
of the world’s population is still at risk!. lodine
deficiency in the diet is a growing problem in many
countries, including industrialized ones, partly due

* American Thyroid Association lodine Deficiency. Available from:
https://www.thyroid.org/iodinedeficiency/
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methods [1, 2].

lodine intake is extremely important for the
functioning of the human body, since the production
of thyroid hormones directly depends on the amount
of this element. Thyroid hormones are acutely
necessary for brain development during intrauterine
development, as well as during the first years of life [3].
A deficiency of this element has an adverse effect on
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the development of mental and physical retardation in
children [4], and is also the most common preventable
cause of brain damage and the development of
neurological diseases [5].

lodine deficiency in the areas of Ukraine, Belarus
and Russia adjacent to the Chernobyl nuclear power
station became a factor in the increased uptake of
radioactive iodine by the thyroid gland and, after a few
years, led to a multiple increase in the incidence of
thyroid cancer not only in adults, but also in children
[6]. Optimal iodine intake dramatically reduces the
risk of thyroid lesions. In Japan, where there is no
iodine deficiency (mainly due to the unique dietary
characteristics of the population, in particular the
active consumption of brown algae), after the accident
at the Fukushima nuclear power station, there was no
significant increase in the incidence of thyroid cancer
in children, even without emergency iodine prophylaxis
immediately after the accident [7]. Efforts to prevent
and control these diseases are primarily aimed to ensure
iodine intake to maintain normal thyroid function [8]
(90 pg/day for children, 150 pg/day for people of both
sexes over 12 years of age, and 250 pg/day for pregnant
and lactating women)?* 3. Adequate iodine intake can
be achieved by fortifying food with iodine and/or
iodine-containing supplements, such as iodates and
iodides [9, 10], added as a potassium salt. It should
be noted that iodate is more stable in adverse climatic
conditions and at elevated temperatures (in particular,
during heat treatment of food).

One of the main ways to iodize food is to enrich
table salt with iodine additives. The amount of iodine
additive is 2060 mg/kg®, which, with the norm of
table salt consumption (5.0 g/day), is 100—300 pg/day.
However, due to the identified relationship between
high sodium content and cardiovascular diseases
(CVD) [11, 12], hypertension [12-14], urolithiasis and
osteoporosis [13], there has recently been a tendency
to reduce salt consumption [14, 15]. Replacing table
salt with an alternative mixture, according to the
latest research, has confirmed the value of a low-
salt diet in the prevention of CVD [11, 14]. The best

2 WHO/NUT/96.13. Recommended iodine levels in salt and guidelines
for monitoring their adequacy and effectiveness. Geneva, World
Health Organization; 1996. Available from: https://www.who.int/
publications/i/item/WHO-NUT-96.13

3 WHO Secretariat; Andersson M., de Benoist B., Delange F., Zupan J.
Prevention and control of iodine deficiency in pregnant and lactating
women and in children less than 2-years-old: conclusions and
recommendations of the Technical Consultation. Public Health Nutr.
2007;10(12A):1606-1611. DOI: 10.1017/51368980007361004.
Erratum in: Public Health Nutr. 2008;11(3):327.

4GOST R 51575-2000 lodized table salt. Methods for the determination
of iodine and sodium thiosulfate.
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products for the prevention of iodine deficiency are
those that are natural sources of iodine: seafood (fish,
brown algae, crustaceans), beans, garlic, beets [10].
Brown algae containing iodine in large quantities, are
actively used as medicinal herbal products (MHPs)
and dietary supplements (DSs) [16—18], in particular,
the U.S. Food and Drug Administration approved the
use of dietary supplements based on algae of the
Laminaria family as a source of this element®. These
plants contain a large number of useful components
(polysaccharides, including alginic acid salts [19],
vitamins, polyunsaturated fatty acids and antioxidants, a
wide range of essential elements, and most importantly
iodine) [20-22]. The concentration of iodine in
brown algae exceeds its content in all other living
organisms [23], therefore they are a good natural source
of iodine for humans [24, 25].

In the State Register of Medicines of the Russian
Federation, algae of the Laminariaciae
(Laminaria saccharina, Laminaria japonica) are listed
as such plants, so the State Pharmacopoeia of the
Russian Federation XIV edition regulates the lower limit
of iodine content (at least 0.1%)° in pharmacopeial
types of Laminaria thalli. The European Pharmacopoeia
(EPh) regulates the use of representatives of the Fucus
family as medicinal plant raw materials (MPRMs). The
U.S. Food Chemical Codex (FCC) recommends the
use of representatives of a wide range of algae of the

family

Laminaria family. Data on the types of brown algae
used, as well as standards for iodine content, are
shown in Table 1.

However, studies show that an excess of iodine is
also harmful to the human body, as is its deficiency [26—
28]. High iodine intake (1-10 mg/day) when
taking MHPs or dietary supplements based on brown
algae leads to an increased risk of endemic goiter,
which in some cases is accompanied by hyperthyroidism
or myxedema [29], and also stimulates autoimmune
diseases [30, 31]. In this regard, EPh and FDA provide a
range of iodine content in brown algae, and not its lower
level (see Table 1).

THE AIM. To determine the range of permissible
iodine content in medicinal plant
“Laminaria thalli” and products based on it within the

raw materials

5 Office of the Federal Register, National Archives and Records
Administration. Food additives permitted for direct addition to food
for human consumption: subpart C—coatings, films and related
substances — kelp, 21 CFR Sect 172.365. Washington (DC): US
Government Printing Office; 2015. Available from: https://www.ecfr.
gov/current/title-21/chapter-I/subchapter-B/part-172

6 M.5.0080.18 Laminaria of the stratum. The State Pharmacopoeia of
the Russian Federation XIV edition. Available from: https://docs.rucml.
ru/ feml/pharma/v14/vol4/999/
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framework of a risk-oriented strategy in quality control
of medicines. Previously, a risk-oriented approach was
mainly used in relation to food contaminants (which
include dietary supplements” & and environmental
objects® . Currently, a trend has emerged to assess the
carcinogenic and non-carcinogenic risks of contaminants
in  medicines for a long-time intake: synthetic
[32], MPRMs and MHPs with various
pharmacological effects [33, 34].

painkillers

MATERIALS AND METHODS

Study methodology

The objects of the study were laxative herbal
medicines of Russian manufacturing: “Laminaria thalli
(sea kale)” produced by JSC “Krasnogorskleksredstva”
(I-p), LLC “FITO-BOT” (ll-p) and CJSC “ST-Medipharm”
(I-p); preparations for the treatment of mastopathy
“Mammoklam” produced by CJSC MEGA PHARM (IV-p),
“Mammolain” produced by CJSC MEGA PHARM (V-p),
samples of dietary supplements: “Laminaria (sea kale)”
produced by CJSC Evalar, Russia (I-b), and “Laminaria
SUPERFOOD” produced by LLC “Kron”, Russia (llI-b),
“Laminaria for the thyroid gland” LLC PharmOcean
Lab. (TM “Doctor More”), Russia (lll-b), “Kelp”, NOW
Internetional, USA (IV-b), “Nalemarin” LLP Biomar,
Russia (V-b), food products: Sea kale Kombu Fresh
Sakhalin natural (Laminaria japonica), Russia (I-e)
Arkhangelsk Algae Combine SUPERFOOD AV1918
(Laminaria Saccharina), Russia (ll-e), as well as samples
collected by the authors: thalli of Japanese laminaria
(Laminaria japonica (L.)) (l-a), collected in the waters
of Peter the Great Bay of the Pacific Ocean, and sugar
laminaria (Laminaria Saccharina (L.)) (ll-a), collected
in the area of the Bolshoi Solovetsky Island. Self-
collected samples were obtained in August 2020,
dried in the sun for 2 days, the species identity of the
samples was determined using macro- and microscopic
analysis. In addition, we used literature data on the
iodine content in the thalli of pharmacopoeial species of
laminaria from various places of picking [21].

The iodine content in the test samples was

7 Technical Regulations of the Customs Union TR CU 021/2011 On Food
Safety. Available from: https://docs.cntd.ru/document/902320560.
Russian

8 SanPiN 2.3.2.1078-01, Food raw materials and foodstuffs. Hygienic
requirements for food safety and nutritional value; Ministry of Health
of the Russian Federation, Moscow; 2002. Available from: https://
docs.cntd.ru/document/901806306. Russian

MU 2.3.7.2519-09 Determination of exposure and assessment of the
risk of exposure to chemical food contaminants on the population.
Methodological guidelines. Moscow: Federal Center of Hygiene and
Epidemiology of Rospotrebnadzor; 2010. Russian

R 2.1.10.1920-04 Guidelines for assessing the risk to public health
when exposed to chemicals that pollute the environment. Moscow:
Federal Center for State Sanitary and Epidemiological Supervision of
the Ministry of Health of Russia; 2004. Russian

48

determined by inductively coupled plasma mass
spectrometry according to GOST EN 15111-2015™.
Crushed laminaria algae thalli samples, as well as MHPs,
were sieved through a sieve with a hole diameter
of 1 mm. Then 3 samples of 500 mg each (accurate
sample) were taken, followed by iodine extraction
with an aqueous solution of tetramethylammonium
hydroxide (25% Lot 331635, Sigma-Aldrich, USA,
TMAH) according to GOST EN 15111-2015*. During
the determining of the iodine content in DSs, 20 tablets
were crushed, 3 samples of 500 mg each (accurate
sample) were taken, then iodine extraction was
carried out according to the GOST method. A sample
of the test sample was placed in a flask with a capacity
of 50 cm3, 5 cm?® of water was added and thoroughly
mixed. Then 1 cm? of 0.5% TMAN solution was added,
thoroughly mixed, the tightly closed flask was placed
in a drying oven preheated to a temperature of 90+3°C
for 3 h. After cooling, the samples were quantitatively
transferred to a 25 cm?® volumetric flask and brought
to the mark with water. To remove coarse particles,
aliquots were filtered through a membrane filter with a
pore diameter of 5 um. Then the solution of the internal
standard of tellurium ions, prepared from a standard
sample (SS; R2-TE691015 1000 pg/mL, Inorganic
Ventures Lot, USA), was added to the aliquot of
the sample extract. Calibration solutions (iodine
5-20-50 pg/dm3) were prepared
by placing the appropriate volume of iodine SS
(P2-10D675953 1000 pg/mL, Inorganic Ventures Lot,
USA) and internal standard (tellurium ion solution) in a
50 cm? volumetric flask, brought to the mark with 0.5%
TMAH solution. A blank sample was prepared similarly
to the calibration solution, without adding the SS
solution. The iodine content in the test and calibration
solutions was determined on an Agilent 7900 instrument
(Agilent, USA), the parameters of the experiment are
shown in Table 2.

concentration

Statistical processing

For each of the tested samples, the average value
of measurements obtained from 3 parallel samples in
5 replicates was taken as the measurement result. The
measurement results were statistically processed using
Microsoft Office Excel 2007. The standard coefficient
of variation, confidence interval, and systematic error
were determined.

The calculation of non-carcinogenic risk was carried

1 GOSTEN 15111-2015 Food products. Identification of trace elements.
Method of iodine determination by inductively coupled plasma mass
spectrometry (ICP-MS).

2 |bid.
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out according to R 2.1.10.1920-04. “Guidelines for
assessing the risk to public health when exposed to
chemicals that pollute the environment”.

RESULTS AND DISCUSSION

The iodine content in laminaria thalli and products
based on them, according to the recommendations
for the implementation of analysis methods
R 50.2.060-2008%, the suitability of the GOST-approved
method™* was confirmed using standard sample of
SRM 3530 lodized Table Salt. The results are presented
in Table 3.

The recovery rate was 103.1+5%, which corresponds
to the requirements of the Eurasian Economic Union
Pharmacopoeia for the correctness of analytical methods
(recovery [R]=90-110%)*, the precision (repeatability)
of the method (RSD=4.31%) also meets pharmacopoeial
requirements (RSD <5%)?.

To determine the concentrations of iodine in the test
samples, the calibration curve was used with prepared
calibration solutions. The calibration curve, linear
regression equation, correlation coefficient (R 20.99),
detection limit (DL; DL >10DL), and background
equivalent level (BEC) obtained using the instrument
software (MassHunter 4.5) are shown in Figure 1. The
calculated values of R? (0.9998) and DL (0.02 ug/L)
confirmed the suitability of the method for determining
the iodine content in samples?’.

At the first stage of the study was the applicability
of the iodine content normalization ranges proposed in
foreign regulatory documents (RD) to pharmacopoeial
types of laminaria thalli (Laminaria saccharina L. and
Laminaria japonica L.)®, taking into account our own
experimental and literature data on the concentration
of the element in this herbal medicinal product (Table 4).

Table 4 demonstrates that the average (0.14%) and
maximum (0.46%) iodine content in pharmacopoeial
types of laminaria thalli correlates with the range of
normalization values proposed by the FDA (0.1-0.5%).
The lower level of permissible iodine content proposed

3 R 50.2.060-2008. The state system of ensuring the uniformity
of measurements. Implementation of standardized methods of
quantitative chemical analysis in the laboratory. Confirmation of
compliance with the established requirements (approved and put
into effect by Order No. 320-st of the Federal Agency for Technical
Regulation and Metrology dated November 25, 2008). Available from:
https://docs.cntd.ru/document/1200069291

#GOSTEN 15111-2015 Food products. Identification of trace elements.
Method of iodine determination by inductively coupled plasma mass
spectrometry (ICP-MS).

% GPhM.2.1.2.55. Inductively coupled plasma mass spectrometry.
Pharmacopoeia of the EAEU. Vol. 1, Part 2. Moscow: Publishing House
of the Eurasian Economic Commission; 2023. P. 48-50. Russian

6 |bid.

7 |bid.

8 PhM 2.5.0080.18 Laminaria of the stratum (sea cabbage). The State
Pharmacopoeia of the Russian Federation XIV ed.
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by EPh (0.03-0.2%) is obviously due to the fact that
fucus algae, which are a pharmacopoeial family in
European countries, accumulate this element in smaller
guantities compared to laminaria algae [42, 43].

At the next stage, the range of
content (0.1-0.5%) was evaluated from the point
of view of the non-carcinogenic risk of its exposure during
oral intake into the body along with the therapeutic
dose of MHPs and dietary supplements based on
laminaria thalli. Non-carcinogenic risk is understood as

iodine

an indicator of the expected increase in the incidence of
the population due to the toxic properties of chemical
substances in the studied objects. When assessing non-
carcinogenic risk, it is assumed that there is a threshold
of harmful effect, below which toxic effects do not
develop. The main quantitative indicator of non-
carcinogenic risk is the hazard quotient (HQ), which
is equal to the ratio of the average daily dose of
consumption of the elemental impurity (ADD) to its safe
(reference) exposure level*® 2°:

_ ADD
HQ=Rfp
where RfD is the reference dose of iodine

(0.01 mg/kg?).
The value of ADD was calculated using the formula??:
Cx IR x EF x ED

ADD = —,
BW x AT

where C is the concentration of the studied
elemental impurity in laminaria thalli, mg/kg; IR is the
therapeutic dose of laminaria thalli, kg/day; EF is the
frequency of exposure during the year, days; ED is the
duration of exposure, years; BW is the average value of
human body weight (70 kg?3) AT is the averaging time of
exposure, days.

Information on the values of IR, EF, ED was
taken from the instructions for the preparations
presented in the State Register of Medicines. The
value of AT was equated to the expected human life
expectancy (70 years)*.

R 2.1.10.1920-04 Guidelines for assessing the risk to public health
when exposed to chemicals that pollute the environment, 2004.

20 Q3D(R2) Guideline for Elemental Impurities. International Council
for Harmonisation; 2022. Available from: https://database.ich.org/
sites/default/files/Q3D-R2_Guideline_ Step4_2022_0308.pdf

21 Regional Screening Level (RSL) Summary Table. United States
Environmental Protection Agency (USEPA); 2022. Available from:
https://semspub.epa.gov/work/ HQ/404057.pdf

22 United States. Environmental Protection Agency. Office of Emergency,
Remedial Response. Risk Assessment Guidance for Superfund: pt. A.
Human health evaluation manual. Available from: https://www.epa.
gov/sites/default/files/2015-09/ documents/rags_a.pdf

3 MU 2.3.7.2519-09 Determination of exposure and assessment of
the risk of exposure to chemical food contaminants on the population.
Methodological guidelines, 2009.

24 R 2.1.10.1920-04 Guidelines for assessing the risk to public health
when exposed to chemicals that pollute the environment, 2004.
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Table 1 — Regulation of iodine content in brown algae in some regulatory documents

Regulatory
document

Regulated iodine

Family Types S

SPREXIV ed.? Laminariaceqe ~-0TMinaria saccharinal. Not less than 0.1%
Laminaria japonica Aresch.
Fucus vesiculosus L.
EPh ed. 11.3%®  Fucaceae Fucus serratus L. 0.03-0.2%
Ascophyllum nodosum Le Jolis
Macrocystis pyrifera L.
Laminaria digitata Huds.
Laminaria cloustoni Edm.
Laminaria saccharina L.

FCC ed. 9% Laminariaceae 0.1-0.5%

Note: SP RF — State Pharmacopoeia of the Russian Federation; EPh — European Pharmacopoeia; FCC — Food Chemical Codex.

Table 2 — HPLC analysis conditions

Parameter Value
High-frequency plasma generator power 1500 W
Plasma gas flow (argon) 15 I/min
Nebulizer gas flow (argon) 1.01/min
Signal integration time 0,1s
Determined isotope (iodine) 127 amu
Internal isotope 125amu

Table 3 — Evaluation of the suitability of the analysis method

lodine content, %

No. of nominal value Metrology
1 107.98 B
2 102.32 Average value (Zi) — 103.10%,
3 99.09 SVStema‘nc er.ror.' (6) — 3.1%1
4 105.50 Standard deviation (SD) — 4.44 %,
' Coefficient of variation (RSD) — 4.31%,
> 96.90 Confidence interval (P=95%, a=0.05) is +4,65%
6 106.82

127 1 [tune1]
107 v =203334.3883 " x + 54206.0520
R = 05938
DL =0.02448 pph
BEC = 0.2666 ppb

CPS

0.5

200 400 600
Canc(ppb)

Figure 1 — Calibration curve, characterizing the suitability of the analytical method

% |bid.

26 Monograph 01/2008:1426 Kelp, in: European Pharmacopoeia, 11.3th ed., European Department for the Quality of Medicines & Health Care,
Strasbourg; 2022. Available from: https://pheur.edgm.eu/app/11-3/content/11-3/1426E. htm?highlight=on&terms=kelp

27.U.S. Pharmacopeia (USP). Food chemicals codex. 9 ed. Baltimore: United Book Press Inc; 2014. 1785p.
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Table 4 — lodine content in pharmacopoeial types of laminaria thalli

Concentration, mg/kg

No. Laminaria japonica L. Laminaria saccharina L.
Literary data

1. 2110([35] 238 [35]

2. 3040 [36] 957 [38]

3. 3400 [37] 1340 [39]

4, - 2630 [40]

5 - 3124 [41]

6. - 4600 [42]

Experimental data (Median

— 1791 mg/kg, max — 4600 mg/kg)

1216.74+31.05 (I-m)

716.98+16.94(II-s)*

2390.57+27.22 (II-p)

292.53+10.91 (Il-a)*

1473.65+25.96 (Ill-p)  —

899.30+61.73 (I-e)

VIR |w N

3700+108.9 (I-a)

Table 5 — Value of iodine hazard quotients during oral administration of therapeutic doses
of herbal medicines based on laminaria thalli

Herb_a! Cour'se' of ‘ IR, ke EF, days C, . 3000 mg/kg Cys, 5000 mg/kg
medicines administration "’ ’ ADD, mg/kgxday HQ ADD, mg/kgxday  HQ
I-m, II-m,  Minimum 0,0015 15 2,6x10°3 0,26 4,4x10° 0,44
I1-m Maximum 0,003 30 0,01 1,0 0,0176 1,76
V-m, Vom Minimum 0,0002 90 2,1x10°3 0,21 3,5x10°3 0,35
Maximum 0,0006 270 0,02 2,0 0,0317 3,2

Note: the average concentration of the range 0.1-0.5% (0.3% or 3000 mg/kg) was taken as the value of Cmed, and the maximum concentration
of the specified range (5000 mg/kg) was taken as C95%. IR — therapeutic dose of laminaria thalli, kg/day; EF — frequency of exposure during the
year, days; ED — duration of exposure, years; AT — averaging time of exposure, days; HQ — hazard quotient.

Table 6 — Hazard quotient values for iodine in oral dietary supplements

Course

Supplement of administration C, mg/kg IR, kg EF, days ADD, mg/kgxday HQ
Minimum 180 0.0014 0.14

I- 1 . 2

s Maximum 000 0.000 360 0.003 0.28

Mini 1 .0014 14

ll-s LUl 1000 0.0002 80 0.00 0
Maximum 360 0.003 0.28
Minimum

1l-s - 2000 0.0005 30 0.001 0.12
Maximum
Minimum

IV-s - 100 0.0045 30 0.0005 0.05
Maximum
Minimum* 1200 0.001 30 0.0014 0.14

Ves Maximum#* ’ 60 0.003 0.28
Minimum** 30 0.0003 0.04
Maximum** 600 0.0005 60 0.0007 0.07

Notes: * course of administration for adults; ** course of administration for children. Supplement — dietary supplement; C — concentration of
the studied elemental impurity in kelp thalli, mg/kg; IR — therapeutic dose of kelp thalli, kg/day; EF — exposure frequency during the year, days;

AT — exposure averaging time, days; HQ — hazard quotient.

Table 7 — lodine content in samples of dietary supplements I-s and Il-s

lodine content, mg/kg

No.
I-s Il-s
1 3021 3348
2 3094 3407
3 3189 3443
Average 3101+209.1(2.7) 3399+119.1(1.4)

Tom 13, Beinyck 1, 2025
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The HQ value was calculated at two concentration
levels (median and 95th percentile®®. It should be
noted that there are no criteria in Russian and foreign
regulatory documents for assessing HQ values from
the point of view of the admissibility of the negative
impact of a single elemental toxicant. They are
presented only for the total hazard index (HI), which
is defined as the sum of the hazard quotients of all
analyzed contaminants. It is generally accepted that
atHI__ >1,thereis an unacceptable impact of elemental
contaminants on human health, requiring appropriate
safety measures. The combination of HI <1 and

d
HI,,, <1 indicate no risk to human health from the action

of 5(f'ontaminants. In a situation where HI__ <1, but
HI,,, >1, it is necessary to strengthen control over the
content of contaminants with the greatest contribution
to exposure. Taking into account the fact that the
iodine content in laminaria thalli is significantly higher
than the content of heavy metals and inorganic arsenic
in them, these criteria were used to assessing HQ
values for iodine.

In Russia, MHPs based on laminaria thalli are used
to treat chronic atonic constipation (phytopreparation
“Laminaria thalli, sea kale”), which is crushed and
dried pieces of laminaria thalli from various
manufacturers (I-m, lI-m and Ill-m) with the same course
of administration and dosage) and for the treatment
of mastopathy (tablets “Mammoklam” (IV-m) and
“Mammolain” (V-m) based on iodine-lipid complex from
laminaria thalli with the same course of administration
and dosage). In accordance with the instructions for use,
the minimum iodine content in all these preparations
is 0.1%, which is the same as in the original herbal
medicinal product. The values of IR and EF were
determined based on the method of administration and
therapeutic doses of herbal medicinal products, and
ED — by the difference from the average life expectancy
(70 years)® and the age of starting the medicine:

e |-m, ll-m and Illl-m: half or 1 teaspoon
(or 1.5-3 g) for 15-30 days at the age of 12 years®
(IR=0.0015-0.003  kg;  EF=15-30  days,
ED=58 years, AT=365%ED);

e |V-m and V-m: 2—6 tablets of 100 mg from 1 to
3 months with a break of 2 weeks to 3 months
from 18 years®® (IR=0.0002-0.0006 kg,
EF=90-270 days, ED=52 years, AT=365xED)

28 United States. Environmental Protection Agency. Office of Emergency,
Remedial Response. Risk Assessment Guidance for Superfund: pt. A.
Human health evaluation manual.

2 MU 2.3.7.2519-09 Determination of exposure and assessment of
the risk of exposure to chemical food contaminants on the population.
Methodological guidelines; 2009.

30 The State Register of Medicines of Russian Federation. Laminaria of
the stratum (sea cabbage). Available from: https://grls.rosminzdrav.
ru/Grls_View_ v2.aspx?routingGuid=28e7b04d-2b7f-47e4-8f9f-
d83e42c12d97

3 The State Register of Medicines of Russian Federation.
Mammoline. Available from: https:// grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=54f29d82-60f5- 4a67-b770-fd134b96bdb7
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The results of the assessment of non-carcinogenic
risk associated with the toxic effect of iodine during
oral administration of therapeutic doses of various
herbal medicines are presented in Table 5.

HQ was calculated for oral administration of
dietary supplements based on laminaria thalli (Table 6).
Data on the content, courses of administration
(minimum and maximum) of iodine were taken from
the information on the packaging or instructions for use
of the supplement.

For supplements I-s and ll-s, the actual iodine
content in the samples was determined according to
GOST EN 15111-2015%%. The results of determining
the iodine content in these samples are presented
in Table 7.

As a result of the studies, it was found that the
iodine content in supplement I-s was 3101+209 mg/kg,
and for supplement Il-s — 3399+119 mg/kg.

Table 4 demonstrates that with the minimum
therapeutic dose and course of treatment of MHPs
I-m, 1l-m and IlI-m, there is no risk of negative effects
of iodine on the human body and control over its
content is not required. At the maximum therapeutic
dose and course of treatment, the risk level falls into
the category of the maximum permissible, which
entails the need to control the iodine content in this
drug. The intake of MHPs IV-m and V-m, its minimum
therapeutic dose and duration of administration are
also not associated with a risk to human health. Taking
the maximum therapeutic dose during such a course of
treatment, as provided for in the instructions for use,
leads to unacceptable exposure to iodine on human
health. This requires appropriate security measures. As
such a measure, we recommend reducing the maximum
frequency of drug administration to 140 days per year.
In this case, the HQ value at an iodine concentration
of 0.5% in MHPs IV-m and V-m and a therapeutic dose
of 6 tablets per day will not exceed 1. It is important
to note that information on contraindications of taking
medicines for the treatment of mastopathy associated
with thyroid dysfunction is given in the instructions
for these medicines. Both doctors and patients
need to carefully assess the risks of using these
medicines.

Separately, it is worth focusing on supplements
based on kelp thalli. It should be noted that the
market for supplements made from algae is developing
with unprecedented dynamics [44-46] and they are
increasingly being chosen as an easy way to enrich
the daily diet with vitamins and minerals. At the
same time, the consumer is often mistaken believing
that supplements are controlled for the content
of contaminants and active substances similarly to
medicines due to the similarity of finished forms

32 GOSTEN 15111-2015 Food products. Identification of trace elements.
Method of iodine determination by inductively coupled plasma mass
spectrometry (ICP-MS).
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(tablets, capsules, drops, liquid or powder) and the
general place of sale (pharmacy). Despite the fact that
the norms for the iodine content in supplements based
on kelp thalli are indicated on the packaging, state
control of the concentration of this element during
quality examination in finished products is not carried
out, unlike LRP. This is due to the fact that supplements
do not have a proven pharmacological -effect
and information about their exact composition is
missing [47].

According to the data obtained (see Table 5),
if supplements are taken in accordance with the
manufacturer’s recommendations, in no case will
the HQ exceed 1, provided that their composition
corresponds to that indicated on the packaging. It
should be noted that the iodine content in tablets of
supplements I-s and Il-s on the packaging corresponds
to its content in 0.1%, while the actual content
of this element, determined according to GOST, is
more than 3 times higher than the indicated value.
The HQ for the real value with daily intake for 1 year is
almost equal to one — the value after which the risk
becomes unacceptable. It follows from this that the

iodine content in supplements based on kelp thalli also
needs to be controlled.

CONCLUSION

Medicines based on thalli kelp in Russia are used to
treat diseases not directly related to iodine deficiency
in the human body. Therefore, with high contents of
this element in the initial raw materials, prolonged use
of such drugs in the maximum permissible therapeutic
doses leads to the risk of developing hyperthyroidism in
such patients. Warnings about the possible appearance
of hyperthyroidism in the instructions are not enough;
it is necessary to change the principle of rationing the
iodine content in the pharmacopoeial article “Laminaria
thalli (sea kale)”. It is recommended, to give the range of
permissible content of this element (0.1-0.5%), instead
of the existing iodine content norm (not less than 0.1%),
which corresponds to its real content in pharmacopoeial
types of kelp thalli. People with thyroid dysfunction
should use supplements based on brown algae with
caution due to the high variability of iodine content,
as well as the possible difference between the real
and theoretical content of this element in supplements.
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