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Study of acute toxicity and cumulative activity of polyphenolic powders derived from
pomegranate peel and grape seed waste

Abstract. This article presents studies to determine the acute toxicity and cumulative activity of
polyphenolic powders derived from pomegranate peel and grape seed. When administered
intragastrically to mice in doses from 500 to 2000 mg/kg, no acute toxicity was detected, no animal
death was observed, and no deviations from the norm in other external parameters were observed.
The study of acute toxicity of the preparations of polyphenolic powders from (PPPP) and
polyphenolic powders derived from grape seed (PPGS) showed that they belong to the V class of
chemical compounds (practically non-toxic) according to the OEC classification, the LD50 on mice
was ->2000 mg/kg. The preparations belong to the group with average and weak cumulative
properties. These polyphenolic powders with high biological activity were obtained from food waste
in Turkestan region, such as pomegranate peel and grape seeds. In recent years, there has been an
active search for plant sources for bioactive compounds, and among the widely consumed fruits,
which are considered an excellent source of polyphenols, and in relation to the use of industrial
waste, pomegranate and grape fruits, are the leaders. The appropriateness of their use for human
consumption was confirmed by the low level of risks in terms of the absence of toxicity and
pronounced cumulative actions in these preparations.

Keywords: biowaste, pomegranate peel, grape seed, polyphenolic powders, acute toxicity,
cumulative activity.
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Introduction

Pollution created by biowaste and byproducts from the agri-food chain is a growing concern in
terms of animal and plant health and environmental sustainability [1]. In addition, the processing of by-
products is a promising area that requires interdisciplinary research by food technologists, chemists,
nutritionists and toxicologists, as well as biotechnologists [2].

However, only a small proportion of food waste is separated, recycled or used for animal feed.
Especially since, for example, in Kazakhstan in 2021 the amount of food waste amounted to 35.9
thousand tons [3].

In recent years, there has been an active search for plant sources for bioactive compounds, and
among the widely consumed fruits, which are considered an excellent source of polyphenols, and in
relation to the use of industrial waste, pomegranate and grape fruits, are the leaders. All parts of the
above mentioned fruits contain polyphenols, but, for example, 60-70% of extractable polyphenols are
concentrated in grape seeds as flavonols, phenolic acids, catechins, proanthocyanidins and
anthocyanins. Among them, catechins and proanthocyanidins are the main compounds, accounting for
77.6% of the total amount of certain phenolic compounds [4].

For example, pomegranate peel, which makes up 49 to 55% of the weight of the fruit, depending
on its variety [5], is rich in phenolic compounds, including punicalagin (28,000-104,000 g/g), ellagic acid
(1580-4514 g/g), catechin (115-613 g/g), gallic acid (10-73 g/g) and several other compounds [6] that are
responsible for its biological activity [7].
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However, knowing that the total production of pomegranate worldwide is three million tons,
and its peel and seeds make up about 54% of the fruit, this leads to approximately 1.62 million tons of
waste [8].

Grapes are considered the most common plant species worldwide, and Vitis vinifera L. is the
main species used as a raw material for wine production. This industry is a sector with great potential
worldwide. Global wine production in 2021 was 260 million tons. Wine production produces
approximately 1.3-1.5 kg of residues per liter of wine produced [9].

Thus, a huge quantity of residues is being generated that is essential to find suitable methods to
revalue it by optimizing the extraction of bioactive compounds from pomegranate and grape fruit
residues and then converting them into value-added products.

At the same time, although the scientific community supports research on reuse of biological
waste, the question of biological waste safety must necessarily remain open. Two aspects of biowaste
call into question the safety of the products derived from them and their use for human consumption.
The first is related to the chemical complexity of biological waste. The technology used to process this
material can lead to the release of chemical compounds such as toxins, genotoxic compounds, and
heavy metals into the final product, which are potentially dangerous to human health [10]. The second
problem associated with the reuse of biological waste is the possible change in the absorption,
distribution, metabolism, and excretion profile of the final product. Unexpected molecules can
synergistically affect the biologically active fraction of the plant and change the overall pharmacokinetic
parameters of the final product (bioavailability, bioavailability, bioactivity) as well as its overall toxicity
[11]. Considering the requirements for drug safety in toxicological studies, it is also necessary to
calculate the cumulation coefficient in order to determine whether the drug cumulates or it is addictive.
The aim of our work was to define the acute toxicity and cumulative activity of polyphenolic powders
obtained from waste products: pomegranate peel and grape seed.

Materials and methods

The object of the study was polyphenolic powders obtained from pomegranate peels and grape
seeds according to the further described methodology. Aqueous-alcoholic extracts were obtained from
dried samples by maceration with periodic stirring; in brief, 1000 g of pomegranate peel were mixed
with 40% ethanol (1:4 by mass), stirred for 10 min, left to infuse for 24 hours at room temperature and
finally filtered to extract aqueous-alcoholic extract. Then the extract was evaporated for efficient and
gentle removal of solvents at a rotary evaporator, and a finely dispersed loose polyphenol powder (PP)
from pomegranate peels was obtained by spray drying. When obtaining PP from grape seeds, the
difference was the use of 70% ethanol during extraction.

Standardization of the preparation was carried out using chromatographic (thin layer
chromatography, high performance liquid chromatography), spectroscopic and spectrophotometric
methods. The high content of various polyphenolic compounds was revealed in both samples including
flavonoids (rutin and catechin) 11.777 and 6.13 mg/100g respectively in PP from pomegranate peel; 26.
766 and 44.878, mg/100g respectively in PP from grape seed; phenolic acids (gallic acid) 118.217 mg/100g
in PP from pomegranate peel (PPPP); 106.518, mg/100g, in PP from grape seed (PPGS).

Common methods were used to determine acute toxicity parameters. The investigation of acute
toxicity of the preparations was performed on white male mice weighing 20+2.0 g, 5 animals in each
group, 45 mice in total were used. All manipulations with them were performed in accordance with
International Agreement for Humane Treatment of Animals (The European Communities Council
Directives of November 24, 1986- 806/609/EEC). The animals were obtained from the cattery of Tashkent
Zoo. All pharmacological studies were performed on healthy mature animals (mice) quarantined for at
least 10-14 days in specialized vivarium (at the Academician Sadykov Institute of Bioorganic Chemistry
- IBCh Uzbekistan AS). Preparations of PPPP and PPGS were administered to mice once intragastrically
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in doses of 500, 1000, 1600 and 2000 mg/kg, control distilled water in the same volume.

The animals were observed every hour during the first 24 hours of the laboratory test, with
survival during the analysis, overall status, potential breakdown and passing like indexes of the
animals’ functional condition. Then every day, during 2 weeks in the vivarium conditions, the animals
of all groups were observed for their general state and activity, behavior features, number and deepness
of breathing, condition of hair and epidermis, urination, body mass altering and other indicators. All
tested mice were stayed under the equal circumstances and on the general ration with obtaining water
and food for free [12]. When experiment was finished, the average lethal dose (LDso) was calculated and
the toxicity class was determined [13].

Study of cumulative properties of PPPP and PPGS preparations was implemented according to
strategy proposed by R.R. Lim et al [14] on each group of 10 white male mice weighing 20+2 g. Scheme
of the experiment included daily intragastric injection of PPPP and PPGS preparations, once through
the probe. The first 4 days the dose was 200 mg/kg (0.1 LDso), then every next 4 days the dose was
increased and the injected dose was 300, 440, 680, 1000, 1500, and 2240 mg/kg. The injected doses were
calculated based on the established LD5=2000 mg/kg dose, when injected once to the animals. The
maximum duration of the experiment was 28 days.

The cumulation coefficient (Cc), calculated as the ratio of the total dose received by the body
during repeated (fractional) injection of the substance in an amount equal to the average lethal dose of
LDso, to the same value, but at a single injection, was calculated by the follow formula (1):

Cc =LDso;n / LDsog, (1)

where LDsox is the cumulative mean lethal dose at n-fold injection,
LDso1 — average lethal dose at a single injection.

The qualitative estimation of Cc value was calculated by the L.I. Medvedja et al. scale modified
by B.I. Lyublina [15], where Cc <1 corresponds to Supercumulation; Cc = 1-2.2 - Distinct cumulation; Cc
=2.2-5 - Average cumulation; Cc>5 - Weak cumulation.

Results

The total impact and acute toxicity of PP from pomegranate peel and PP from grape seed drugs
were analyzed on mice by single inoculations into gastric. Every single dose of the preparation was
analyzed on five mice. During fourteen days the experimental animals were monitored. PP from
pomegranate peel and PP from grape seed preparations were administrated into the gastric at doses of
500, 1000, 1600, and 2000 mg/kg per mouse.

The results obtained are in the Table 1.
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Table 1
Results of acute toxicity indicators during intragastric injection of PPPP and PPGS

preparations into mice (n=5)

Groups Animal Doses, Number of LD1o LD1s LDso LDs4
species, mg/kg deaths /number | mg/kg mg/kg | mg/kg | mg/kg
The way of of animals in
injection groups
500 0/5
Mice, 1000 0/5
PPPP i/g 1600 0/5 >2000
2000 0/5
500 0/5
Mice, 1000 0/5
PPGS i/g 1600 0/5 >2000
2000 0/5
Mice, 0,2 0/5 -
control .
i/g ml/mouse

As shown in Table 1, acute toxicity was determined by assessing the survival rate of mice and
the calculated average lethal dose. The results showed that no lethal effects were observed when the
drugs were administered intragastrically (i/g), i.e., the doses causing possible lethal effects when
administered i/g are higher than 2000 mg/kg.

The subchronic toxicity study of cumulation assessment criteria were as follows: animal
condition before and after drug administration, behavioral reactions, condition of hair and visible
mucous membranes, respiratory rate, heart rate, number of fallen and survived animals in groups. At
the end of the experiment the cumulation coefficient was determined as the ratio of LDso at multiple
injections to LDso at single injections. The observation period for animals in acute experiments in the
presence of single death should be at least 14 days. The later the deaths occur, the more likely the
substance under test has cumulative properties. It is believed that the greater the value of the
cumulation coefficient, the more pronounced are the cumulative properties of the tested biologically
active substances. The results of determining the cumulative activity of PPPP and PPGS preparations
are shown in Tables 2 and 3.

Table 2
Subchronic toxicity study of cumulation by the PPPP preparation
Days of | Number of deaths/ Fraction of LDso LDs0=2000 mg/kg
injection number of animals in the | at a single injection
group
1-4 0/10 0.1 200
5-8 0/10 0.15 300
9-12 0/10 0.22 440
13-16 0/10 0.34 680
17-20 2/10 0.50 1000
21-24 4/10 0.75 1500
25-28 6/10 1.12 2240
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Table 3
Subchronic toxicity study of cumulation by PPGS preparation

Days of | Number of deaths/ Fraction of LDso LDs0=2000 mg/kg
injection number of animals in the | at a single injection
group
1-4 0/10 0.1 200
5-8 0/10 0.15 300
9-12 0/10 0.22 440
13-16 0/10 0.34 680
17-20 2/10 0.50 1000
21-24 3/10 0.75 1500
25-28 4/10 1.12 2240
Discussion

Measuring the toxicity of plant extracts is important for determining biological indicators for in
vitro studies because many chemicals and plants have different levels of toxicity. When injecting
animals PP from pomegranate peel in doses of 500 and 1000 mg/kg, washing, narrowing of the eyes,
and crowding were noticed, and behavior of the animals normalized in 1 to 3 hours. In the situation
with the same preparation but in amount of 1600 and 2000 mg/kg, washing, lethargy, bunching, and eye
narrowing were noticed. Animal behavior normalized in 3-4 hours. No mortality was observed in all
doses (0/5).

To determine the acute toxicity of the second preparation, PP from grape seeds, intragastric
administration was performed at doses of 500, 1000, 1600, and 2000 mg/kg per mouse. In the first hour
after injection of the drug in all studied doses, animals showed washing, immobility, bunching, and
some animals showed lethargy, especially with increasing dose of the drug. When injecting the PPGS
drug in all doses used, no 0/5 death was recorded.

For other studied parameters throughout the study period (14 days): condition of hair and
epidermis, tail state, quantity and texture of fecaloma, altering of body mass when injected with the
drug in all doses used, no deviation from the norm was observed.

So, the investigation of the acute toxicity of PPPP and PPGS drugs showed that these drugs,
when injectered intragastrically, correspond to an LDso of more than - 2000 mg/kg. According to the
modified classification of the Organization for Economic Cooperation and Development (OECD), this
drug belongs to the V class of toxicity of substances (Practically non-toxic).

Further, throughout the duration of the study (14 days), the surviving animals were observed
after administration of PPPP and PPGS preparations. Observation of experimental animals according to
the studied indices did not reveal any deviations in the state of hair and skin, tail position, fecal mass
consistency, diuresis, and change in body weight from the control group animals. Analyses of the acute
toxicity of PPPP and PPGS preparations obtained from food waste of Turkestan region, were similar to
those reported by other researches [16,17].

To identify the possibility of chronic poisoning of animals, the cumulative properties of
experimental samples of the PPPP and PPGS preparations were studied in a subacute experiment on
mice. According to table 2, the resulting total dose to the animal for 28 days is =12.72 LDso;1. LDson - the
total dose at which the beginning of a large number of deaths was recorded, was LDson = 25440 mg/kg,
and this dose is higher than LDson. On this basis we calculate coefficient Cc: Cc=6480 / 2000 = 3.24.
According to the generally accepted hygienic classification (GOST 12.1.007-76), the drug belongs to
hazard class 3 when administered into the stomach. The cumulation coefficient was 3.24, i.e. the drug
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PPPP has average cumulative properties.

According to table 3, the cumulative dose received by the animal for 28 days is =12.72 LDso;1. LDso;n -
the cumulative dose at which the beginning of the deaths is fixed, was LDson = 2540 mg/kg, and this
dose is higher than LDson. On this basis we calculate Cc coefficient: Cc=9480 / 2000 = 4.74. The
cumulation coefficient is - 4.74, which corresponds to the evaluation of the action of the substance PPGS
as a drug with weak cumulative properties.

Conclusion

Thus, the study of acute toxicity of PPPP and PPGS preparations showed that they belong to the
V class of chemical compounds (practically non-toxic) according to the OECD classification. Acute
toxicity test showed that LDso was on the level >2000 mg/kg and no significant impact on mice. The
cumulation coefficient of PPPP is -3.24, which corresponds to the drug with average cumulative
properties (according to the scale of L.I. Medvedya et al. modified by B.I. Lyublina). The cumulation
coefficient of PPGS is 4.74, which corresponds to the drug with weak cumulative properties (according
to the scale of L.I. Medvedja et al. in modification of B.I. Lyublina).

The results obtained justify the expediency of using the obtained polyphenolic powders from
the residues of processed pomegranate and grape fruits with high content of bioactive compounds in
the construction of value-added products.
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OHngipic KaaabIKTapbIHAH aAbIHFAH I10AM(EeHO0A YHTAaKTapbIHBIH XeAeA VBITThLABIFbIH JKoHe
JKMHAKTayIIbl OeACeHAiAiriH 3epTTey: aHap KaObIFbl MEH KY3iM TYKbIMBI

Angarna. bya makazaga aHap KaOBIFBI MeH KY3iM TyKbIMAapblHaH aAblHFaH I0AM(EHOA
YHTaKTapbIHbIH OTKIp YBITTBLABIFBI MeH KyMYASATUBTIK OeACeHAiAiriH aHpIKTay OOIBIHIIA 3epTTeyaep
ycoiHbLAFaH. Trimkangapra 500-aen 2000 Mmr/kr Aeitinri 4o3aga ackasaHINIiAiK eHrisy kesiHAe oTKip
VBITTBIABIK aHBIKTaAFaH >KOK, >KaHyapAapAblH ©4iMi OoAfaH >KOK, 0acka CBIPTKbI KOpCeTKilTep
OolibIHIIIa HOpMaJAaH aybITKyAap Oalikaamaabl. AHap KaOBIFBIHBIH IToandgeHoaas! yHTakTaps! (ITTTKT)
>KoHe JKY3iM TYKBIMBIHBIH Noandenoaas! yHTrakTapsl ([ITIBK) mpenapaTTapblHBIH OTKIp YBITTBHLABIFBIH
seprrey OECD, LDso >xikTeMeci OOIBIHIIIA THIIKaHAAPAAFBl XMMUABIK KOCBLABICTapABIH V KaachIHa (ic
KY3iHA€e YBITTBI eMec) >KaTaThIHBIH KepceTTi -2000 Mr/Kr Kypaasl. [IpenapaTrap oprariia >koHe 94ci3
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KyMYASATUBTI KacuerTepi Oap TomKa >KaraAbl. bya 6moaormsaasik OeaceHAiairi >Koraphl moandeH0AABI
yHTakTap TypkicraH OOABICHIHBIH TaMak ©HAIpPiCiHIH KaAAbIKTapblHAH aablHABL. COHFBI >KbLAAApPBI
OMOaKTUBTI KOCBIABICTApABIH ~ ©CIMAIK Ko3JepiH i3agey OeaceHAl TypAe JKyprisiayde >KoHe
noandeHoAZapAblH Tamallla Ke3l OO0ABIII caHaJlaTBIH KeHiHEeH TYTBIHBIAATBHIH SKeMicTepAiH imiiHae,
COHJAl-aK ©HAIPICTIK KaAAbIKTapAbl ITalizaldaHy TYPFBICBIHAH aHap MeH >Ky3iM >KeMicTepi >KeTekIi
opniHAa. Oaapabl agaM TYTBIHYBI YIIIiH KOAAQHYABIH OPBIHABIABIFE! YBITTBLABIKTBIH O0AMaybl KoHe OChI
nperapaTrrapAa alikblH KyMYASTUBTI 9peKeTTep TYPFbICBIHAH KayillTiH TOMeH AeHIeiliMeH pacTaAAbl.

TyitiH ce3aep: OMOKaAABIKTap, aHAp KaOBIFBI, >KY3iM TYKBIMBI, IT0AM(]EHO0A YHTAKTapHl, OTKIp
YBITTBIABIK, KyMYASTUBTIK O€ACeHA1AiK.

I'.O. Kanrypeesna!, A.A. CannapOekosa’, J.E. Kyaacosa?, I'.I. Paxmonosa?, K.A. Ypa3oaesa'
HAQO «IOxHo-Kasaxcmarickutl ynusepcumem um. M. Ayasosa», ILlvimxenm, Kasaxcman
Mremumym ouoopzaruveckoit xumuu um. akademuxa A.C. Cadvikosa AH PY3., Tawkernm,

Ys0exucman

I/IsyquI/Ie OCTPOI7[ TOKCMYIHOCTU " KyMyASITI/IBHOﬁ AKTUBHOCTU HOAI/I(I)eHOZleI)IX
IIOpOHIKOB, IIOAY9Y€HHBIX 13 OTXOAOB ITPOM3BOACTBA: KOXYPbI I'PaHaTa 1 BUHOTPpaAHBIX
KOCTOYEK

Annoramms.  JaHHas CcTaThs IIpeACTaBAsSeT MCCACAOBAaHMS II0 OIPeAeACHUIO OCTPOIL
TOKCMYHOCTU ¥ KyMYASTUBHONM aKTMBHOCTU HOAM(PEHOABHBIX IOPOIIKOB, IOAYYE€HHBIX U3 KOXYPBI
rpaHaTa U BUHOTPaAHBIX KOocTodek. [Ipyu BHyTpu>Keaya404HOM BBeAeHMM MbIaM B go3ax oT 500 20 2000
MI/KT OCTPOJ TOKCMYHOCTM He BBISBAEHO, T1M0eAb KMBOTHBIX OTCYTCTBOBaAla, He OBLAO OTKAOHEHMII OT
HOPMaTMUBOB IIO APYIMM BHEIIHMM IIOKa3aTeAsaM. VI3ydeHme OCTpOii TOKCMYHOCTU IperiapaToB
110AM(pEHOABHBIX ITOpOImKOB 13 KOXyphl TpaHata (IIIIKI) m moamdeHOABHBIX ITOPOIIKOB M3
BuHOTrpaaHbIx Kocrouek (IIIIBK) mokasazo, 4to oHM oTHOCATCA K V KJAacCcy XMMMYeCKMX COeAVHeHMI
(mpaktmyeckn HetokcndyHO) 1o Kaaccuukamyy OECD, LDso Ha Mbimax cocrasmaa —>2000 MI/KT.
[IperapaTsl OTHOCATCS K TPyIIIIe CO CPeAHUMMMU M CAaOBIMM KyMYASITMBHBIMM CBOVicTBamMm. /laHHbIe
110A1(peHOAbHbIe IIOPOIIKM C BBICOKOI OMOAOIMIECKON aKTUBHOCTBIO OBIAM IIOAYYeHBI U3 OTXOAOB
NNIIeBBIX IpousBoAcTs TypkecraHnckoir obaactu. B mocaeaHme roanl BeaeTcsl aKTUBHBIN ITOMCK
pacTUTEeAbHBIX VMICTOYHMKOB OMOAKTMBHBIX COeAMHEHUI, U CpeAM IIMPOKO IOTpeOAseMbIX (PPYKTOB,
KOTOpbIe CYMUTAIOTCSI OTAMYHBIM MCTOYHUKOM MOAM(EHOA0B, a TaKXKe C TOUKM 3PeHMs UCII0Ab30BaHs
IIPOMBIIIIAEHHBIX OTXOAOB, AUAMPYIOT TIpaHaT M I1404bl BuHOTpaja.  lleaecooOpasHocth ux
UICIIOAB30BaHMS A5l TOTpeDAeHNs YyeA0BeKOM Oblaa IOATBep>KAeHa HU3KMM yPOBHEM PUCKOB C TOYKU
3peHIs OTCYTCTBUS TOKCUYHOCTY U BEIPAKE@HHBIX KYMYASATUBHBIX A@VICTBUI B AQHHBIX IIperapaTax.

KaroueBbie caoBa: OMOOTXOAbI, KOXKYpa IpaHaTa, BMHOTpajHble KOCTOYKM, MOAM(EHOAbHbIe
IIOPOIIKM, OCTPast TOKCMYHOCTD, KYMYASTUBHAs aKTVBHOCTb.
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