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ABSTRACT. Benchmark dose (BMD) analysis of existing data sets from experimental studies on animal for which NOAEL/LOAEL
information is available allows to satisfy the need for quantifiable, scientifically justifiable approach to risk assessment. Previous study
of 7-hydroxycoumarin (7-HOC) 3 months toxicity on rats revealed carbohydrates and lipids metabolism disturbance (blood glucose
level (BGL) decrease, serum triglyceride level (STL) rise) as biologically relevant parameters to set up NOEL (20 mg/kg).

Purpose. To conduct the dose and time of exposure effect dependence comparative analysis of BGL and STL published data set of 7-
HOC subchronic toxicity in rats using BMD and NOAEL/LOAEL methodologies.

Materials and methods. The available continuous data of STL and BGL from subchronic 7-HOC toxicity study data set for rat females
were analyzed by means United States Environmental Protection Agency proposed software, BMDS 2.6.0.1. The response level was set
as 10 %.

Results. Hill’s model appropriately reflected BGL and STL dependence on 7-HOC dose. The BMDs estimates of STL rise were similar
(46-49mg/kg) in 1, 2, and 3 months of exposure. Coincident dependence was found for the lower-bound confidence limits on the BMDs
(BMDLs) ranged 21-22 mg/kg at all the studied time points, whereas NOEL for this end point was defined as 50, 20, and 20 mg/kg in
1, 2, and 3 months respectively.

BMDs of the BGL decrease were rising with time of exposure amounting 48, 93, 486 mg/kg after 1, 2, and 3 months respectively.
BMDLs estimates were 24, 21, 207 mg/kg in 1, 2, and 3 months respectively, while NOEL for this end point were 50, 200, and 200
mg/kg at correspond time points.

Conclusion. The benchmark dose method was more powerful statistical tool to analyze 7-HOC effects dose dependence in comparison
to traditional approach. The observed BMDs and theirs derivatives changes indicated no enhancement of studied treatment related

responses within the exposure time.
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Introduction. The current paradigm of regu-
latory toxicology considers the No Observed
Adverse Effect Level (NOAEL) and the Lowest
Observed Adverse Effect Level (LOAEL) of a
studied chemical substance as reliable initial
points obtained from experimental animal data
for determination of regulatory levels such as
reference doses (RFDs) and acceptable daily
intakes (ADIs). However the NOAEL/LOAEL
approach not free from some shortcomings,
elicited by Cramp in 1984 [1] and generalized
later [2]. Specific limitations of the
NOAEL/LOAEL approach includes its high
dependence of a study design. In particular,
the NOAEL value is limited to one of doses set
up before the study. The value depends on
sample size, because ability of a bio-test to dis-
tinguish an effect in compare to a control
group decreases when a sample size decreases.
As well as variability and uncertainty in the
experimental results are not accounted when
NOAEL/LOAEL approach is used. Moreover
it is challenge to compare results across stud-
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ies because the approach does not account a
level of response. In case when NOAEL in
experimental study is not determined there is
only one possibility to set it up for regulatory
needs by use of formal uncertainty factor 10
[3]. In addition very little information is used of
high dose effect. NOAEL/LOAEL approach
utilizes preferably qualitative information,
demonstrating weak use of the available data in
a quantitative way. Thus the NOAEL is actually
of little practical utility in describing toxicolog-
ical dose-response relationship and demon-
strates lack of possibilities to provide quantita-
tive assessment of the biological process.

To overcome the mentioned shortcomings
of NOAEL/LOAEL approach and to satisfy
the need for transparent and scientifically jus-
tifiable approaches the benchmark dose
(BMD) approach is proposed for threshold
effects (non-genotoxic) as providing more
quantitative way of dose-response relationship
assessment. The BMD approach involves
modeling the dose-response curve in the range
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of the observable data, and then using that
model to interpolate an estimate of the dose
that correspond to a particular level of
response. Because the current risk assessment
practice assumes that a threshold dose exists
for effects other than oncogenicity (considered
as non-threshold effect), and toxicologically
significant effects are not likely to occur below
the threshold dose, the response is set at a cer-
tain level as defined by risk assessor. The
default benchmark response is at 5 % change
in the group mean relative to control, although
it can be modified in accordance to the bio-
logical significance of the endpoint and other
toxicological considerations [4, 5].

Conversely to the NOAEL/LOAEL
approach, which allows determining the levels
directly from the study, the BMD approach
requires an extra step of fitting models to the
dose-response data before determining effec-
tive dose at a specified response level and its
lower bound within the predetermined confi-
dence. Therefore BMD is defined as the dose
causing the specified increase in the risk for
adverse health effects. The lower 95% confi-
dence limit on the BMD (BMDL) has been
proposed to replace the NOAEL.

BMD approach provides new advantages
for the dose-response assessment for threshold
effects allowing to characterize the dose-
response curve by using all appropriate data-
points, to establishing the threshold dose with
defined consistency, to account for uncertain-
ties due to different sample size or variations in
endpoints measurements/observations when
the threshold dose is set up, and to estimate the
threshold dose when no NOAEL can be estab-
lished in the study. Being introduced more
than 20 years ago, the BMD approach has not
been widely used until recent time because of
low accessibility of suitable mathematical
models. The situation changed drastically
from the moment of BMD software become
publicly available. The easily available software
facilitate harmonization of chemical risk
assessment approaches, allows to provide
deeper analysis of existing chemical safety data
sets for which NOAEL/LOAEL approach had
been used.

Evaluation of the existing data sets from
experimental studies on animal for which
NOAEL/LOAEL information is available
using benchmark dose approach is aimed to
satisfy the need for scientifically justifiable
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approach to risk assessment. Accordingly, we
analyzed the dataset of previously studied 7-
hydroxycoumarin (7-HOC) 90-days oral toxi-
city in rat. 7-HOC is phytoconstituent found
in eatable and officinal plants belonging to
umbelliferac family. Besides, 7-HOC is the
main, low toxic metabolite of coumarin in a
human body [6]. A wide range of pharmaco-
logical activities of 7-HOC is demonstrated in
animal studies. The compound lowers serum
glucose level in rats with streptozotocin dia-
betes, exhibit antioxidant, antinociceptive and
anti-inflammatory effects, is used as derivative
in the synthesis of drugs [7-12]. Because the
compound is proposed as potential food addi-
tive, its toxic properties were evaluated. In the
conducted toxicological study in rat was found
that 90-days oral exposure of 7-HOC at doses
20-50-200-500 mg/kg induced carbohydrates
and lipids metabolism disturbance comprising
blood glucose level (BGL) decrease, and
serum triglyceride level (STL) rise observed at
doses 50 mg/kg and higher [13]. These end-
points were considered as sensitive and biolog-
ically relevant treatment-related response that
could be traced through the time of subchron-
ic exposure. The NOAEL/LOAEL analysis
established the lowest studied dose, 20 mg/kg
as no observable effect level (NOEL). Because
clinical chemistry changes are early indicator
of biological or toxicological effect of a xeno-
biotic treatment, it is of interest to estimate
BMDs and BMDLs for different time points of
a repeat-dose toxicity study to analyze the
response time variation with the purpose to
assess development of biologically/toxicologi-
cally meaningful changes within the time of
exposure.

Objectives. The current study was aimed to
conduct dose and temporal effect dependence
comparative analysis of BGL and STL from
existing data set of 7-HOC subchronic toxicity
in rats using BMD and NOAEL/LOAEL
methodologies.

Materials and methods. The data set for 7-
HOC 90-days oral toxicity in rat females (5 per
group) at doses 0, 20, 50, 200, 500 mg/kg was
used [13]. BGL and STL registered in 1, 2, 3
months of 7-HOC exposure were chosen as
pertinent endpoints to be analyzed with BMD
approach. The summarized forms of continu-
ous data of BGL decrease and STL rise were
considered as appropriate for analysis by
means of BMDS software due to number of




dose levels for the data set, sample size, mean,
and measure of variability (standard deviation
(SD)) meet requirements of data criteria for
BMD analysis [5]. Although default value 5 %
recommended for continuous experimental
data risk level by guidelines [5] we set up the
risk value 10 % to derive BMD because the
used end points are parameters with high vari-
ability [14].

Dose dependence analysis was done by means
of BMDS 2.6.0.1 software. The most appropriate
models for BGL decrease and STL rise were
defined. BMDs, and BMDLs on a 10% response
were estimated for 1, 2, 3 months of 7-HOC
exposure:

Results and discussion. It was found that
Hill’s model appropriately reflects both STL
rise and BGL decrease in dependence on 7-
HOC dose at all studied time points.

Summarized data on STL are laid out in
Table 1. As it can be seen, in one month of
exposure statistically significant changes are
revealed at doses 200 mg/kg and higher, at later
time points significant STL increase were
found at dose levels 50 mg/kg and higher. Thus
NOAEL for the STL rise was 50 mg/kg for 1
month of exposure and 20 mg/kg for 2 and 3
months. When the data was assessed using
BMD-approach (Figure 1), no substantial
changes of BMDs estimated within the time of
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exposure were found. The values obtained were
47,7, 48,5; and 45,7 mg/kg in 1, 2, and 3
months respectively. As well as the derived
BMDLs were similar, 21,5; 20,5; 21,6 mg/kg
after 1, 2, 3 months treatment respectively.
Thus BMD modelling adequately reflects the
NOAEL obtained for STL rise in the tradition-
al NOAEL/LOAEL approach but demonstrat-
ed better sensitivity to detect early changes (in
1 month) of the studied clinical chemical
parameter.

The data set of BGL decrease in course of
7-HOC repeat-dosing shown in Table 2. As the
table shows, there were no statistically signifi-
cant changes at two lowest studied doses (20,
and 50 mg/kg). At dose level 200 mg/kg the
change occurred at early time point (1 month)
of exposure only. At the high dose level signifi-
cant BGL decline was found at all the studied
time points. Consequently NOELs defined by
BGL decease in 1, 2, 3 month were 50, 200,
200 mg/kg respectively.

When BMD approach was used to analyze
the observed BGL changes (Figure 2) it was
found BMDs gradually rising depending on
time of exposure amounting 48, 93, 486 mg/kg
at 1, 2, and 3 months respectively. At the same
time, BMDLs calculated for BGL decrease
was 24 mg/kg in 1 month, and 21 mg/kg in 2
months, but rising up to 207 mg/kg in 3

Table 1
Serum triglycerides level data set (IM, SD, n=5)
Time of exposure, month
Dose, mg/kg
1Im 2m 3m

0 M 0,83 1,04 1,02
SD 0,157 0,134 0,156
20 M 0,90 1,01 0,98
SD 0,403 0,201 0,179
50 M 1,24 1,26* 1,46*
SD 0,515 0,112 0,268
M 2,00%* 1,37* 1,73*

200
SD 0,515 0,268 0,217
M 1,96* 1,47* 1,80%*

500
SD 0,180 0,246 0,110

*-p <0,05
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Figure 1. BMDS 2.6.0.1 modeling the dose dependence of serum triglycerides level in 1, 2, and 3

months exposure to 7-hydroxicoumarin
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Figure 2. BMDS 2.6.0.1 modeling the dose dependence of blood glucose level in 1, 2, and 3 months
exposure to 7-hydroxicoumarin
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Table 2 Table 3
Blood glucose level data set (M, SD, n=5) Blood glucose level data set (M, SD, n=5)
D " Time of exposure, month Time of BMD
ose, mg/kg - -
1 2 3 End point | ¢XPO- [ BMD, |BMDL, gy 7y,
sure, | mg/kg | mg/kg mg/k
. M 3,68 | 3,03 | 3,22 month g/k8
SD 0,896 0,717 0,400 1 47,7 21,5 26,2
M 3,82 2,98 3,37 STL 2 48,5 20,5 28,0
20 rise
SD 0,850 0,490 1,080 3 45,7 21,6 24,1
M 2,9 2,61 3,57 1 47,8 23,9 23,9
30 BGL
SD 0,102 0,582 1,970 d 2 92,6 21,1 71,5
ecrease
M 1,83* 2,23 3,50 3 486,0 | 206,6 | 279,4
200
SD 0,089 0,874 0,718 Conclusions
M 1,74% 1,83 1,87* 1. BMD method derived estimates defined
500 in 1, 2, 3 month of exposure of 7-HOC in the
SD 0,045 | 0,246 | 0,650 | subchronic study in rats provide more powerful
*_p <0,05 assessment of two considered endpoints (STL

months of exposure, indicating a relief of 7-
HOC effect assessed with the particular end
point. Thus, despite of no statistically signifi-
cant changes of BGL were found at dose level
50 mg/kg, BMD analysis revealed this dose as
toxicologically meaningfull after 1, and 2
months of exposure.

Alongside this, we assessed BMD-BMDL
distance, reflecting the BMD uncertainty. As it
can be seen from Table 3, BMD estimates for
STL increase at all three time points were sim-
ilar, whereas for BGL decrease BMD values
grew with the time of exposure. In our opin-
ion, coupled with the observed temporal
BMDL rise, it may be additional evidence of a
lessening of bio-system response defined by
BGL decrease, although an influence of other
factors (e.g. quality of study, not enough fitting
to modelling criteria of the data at 3 months
time point) can not be excluded.
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34CTOCYBAHHS «BEHYMAPK-J1034» METOJOJOTII
JUIA OLITHKH 3AJTEXXHOCTI EQEKTY BIJ JIO3H TA YACY EKCITO3HIIT
7-TITPOKCHKYMAPHHY 34 90-JEHHOIO BILUIHBY HA CAMOK II]YPIB
ML 3inos’esa, I1.I Kminvko, M.I.Ilpodanuyx
JIT «Haykosuii yenmp npegeHmueHoi mokcukonoeii, xap4o8oi ma XimivHoi 6esnexu
imeni akademixa JI.1. Meoseds MO3 Ykpainu», m. Kuis, Yxpaina

PE3IOME. 3acmocysanus «benumapk-003a» (bMI) nioxody do icHyiouux naxemis mokcuxkoa02iuHux 0anux, ompumarux 6 xo0i
eKCnepuMeHmanbHux 0ocaiodcens Ha meaputax i npoananizoeanux iz 3acmocysanuim NOAEL/LOAEL memodonoeii, do3soase pea-
Aizysamu Oinb KinbKicHO 8U3HAUEHY, HAYKO0BO 00TPYHMOBAHY OUIHKY PUSUKY XIMIUHO20 6MAUBY HA OpeaHizm. Y nonepeduix docrio-
JiceHHsx mokcuunocmi 7-eiopoxcuxymapuny (7-10K) 3a enaugy npomseom 3-x Micsuyie Ha 0peanizm wypie 6yi0 euU3HaA4eHO Nopy-
UleHHs 00MiHy ninidie ma 8yeneeo0ie (3HudiceHHs pieHs eatokosu 6 Kposi (PI'K) ma nideuwenns piens mpueniyepuoie y cuposamuyi
(PTC) kposi), keanigixosani sk 6ionoeiuno peresanmui napamempu oaa écmarosaennss NOEL (20 me/ke).

Mema pobomu. Ilopignsavhuii ananiz 3anexchocmi epexmy 7-TOK 6id dozu ma uacy excnosuuii 3a danumu PTC ma PIK 3 ony6-
AiKosanoeo nakemy danux npo cyoxponiuny mokcuunicme 7-TOK 041 wypie 3 suxopucmannam <«benumapk-dosa» (bMI) ma
NOAEL/LOAEL memodoaociii.

Mamepiaau i memodu. Y podomi sukopucmaro nakem Henepepuerux danux wooo PTC ma PIK y wypie camok 3a pe3yrvmamamu
npogederoeo cydxponiunoeo docaioncenns 7-TOK. Ananiz danux euxonano sacobamu npoepamuoeo 3abesneuenns BMDS 2.6.0.1.
Bemanoenenuii pigens gionosioi — 10 %.

Pesyavmamu. Busnauero, wo modeas Xinna peaesanmmuo gido6paxcae 3anexncricms 3min PTC ma PIK 6id dosu 7-T0K. 3nauenns
BMJI, pospaxosani 3a sminamu PTC 6yau nodionumu (46-49 me/ke) uepes 1, 2 ma 3 micayi enaugy. Anaroeiuna 3anexchicms 6yn1a
BUSBACHA 05 HUMICHIX epanuib 008ipuux inmepeanie benumapk-do3 (BMAH), wo 3naxoduaucs y mexcax 21-22 me/ke 0 6cix
docaiocerux uacosux moxok, modi sk NOEL 0as danoi kinueeoi mouxu 0ys eusnayvenuii na pieni 50, 20 ma 20 me/xe yepes 1, 2ma
3 micaui 8ionogioHo.

BMII, susnaueni 3a snuncennsm PIK, 3pocmanu 3anexcro 6i0 uacy excnosuuii, cmarvoensuu 48, 93, 486 me/xe uepes 1, 2 ma 3
Mmicayi 6ionosiono. Busznaueni gionoeioni BMIH 6yau 24, 21, 207 me/xe uepes 1, 2 ma 3 micauyi eionosiono, mooi sk NOEL ckaa-
dag 50, 200, 200 me/ke y 8i0nogioni uacosi mouxu.

Bucnoexu. EMJ] memod € Oinbw nomyxscHUM iHCHpPYMEHMOM CIMAMUCMU4HO20 aHani3y 3asedchocmi egexmie 7-TOK 6id do3u,
nopieHsHo 3 mpaduyiiinum nioxodom. Iminu BMJI] ma ii noxionux ceiduams npo me, wio He 8idbysacmocs azpasayii 3 uacom eghex-
my 7-T0K, eusznauenoeo 3a aminamu PTC ma PI'K.

Karouosi caosa: «benumapi-003a» nioxio, 7-2i0pokcuxymaput, cyoXpoHiuHa MoK CUYHicmo.

IIPUMEHEHHUE « bEHYMAPK-J1034» METOJOJIOIHH JIJIA OITEHKH 3ABUCUMOCTH
IDDEKTA OT /103b1 H BPEMEHH DKCIIO3HIIHH 7-TH/IPOKCUKYMAPHHA
IIPH 90-THEBHOM BO3JEHCTBHH HA CAMOK KPBIC
M.JIL. 3unosvesa, I1.1 Xnunvko, H.I IIpodanuyk
JII «Hayunbiii yenmp npeseHmugHoi MoKCUKoA02UU, NUWEeBOLl U XUMUH4eCKOl 0e30nacHocmu
umenu axademura JI. M. Medseos M3 Ykpaunu», e. Kues, Ykpauna

PE3IOME . Ilpumenenue «benumapk-0dosa» (bMI) nodxoda k cywecmeyrouum nakemam moKcukoa02u4ecKux 0anHbix, NOAyHeH-
HbIX 8 X00e IKCHnepUMeHMAnbHbIX UCCAeA08AHUI HA JCUBOMHbIX U npoaHaru3uposantblx ¢ npumenenuem NOAEL/LOAEL memodo-
A02ull, nO360Asem nposecmu @ 00abulell CMeneHy KoAU4ech8eHHO OnpedeieHHYIo U HAYMHO 000CHOBAHHYIO OUEHKY PUCKA XumuYe-
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K020 6030eiicmaus Ha opeanu3m. B npedvidyuux uccaedosanusx moxcuunocmu 7-eudpokcuxymapuna (7-I0OK) npu eosdeiicmeuu
6 meyeHue 3-X Mecaues Ha 0peanu3m Kpbic Obiall 6bisi6eHbl HapyuleHus 00MeHa AURUO08 U y21e80008 (CHUICEHUE YPOBHS 2AI0K03bL 8
kposu (YIK) u nosviuienue yposns mpueauuepudos 6 coigopomke (YTC) kpoeu), kearuguyuposartsle kax 0uos0eu4ecKy pee-
eanmuble napamempol 045 yemanoenenus NOEL (20 me/ke).

Ileav pabomvt. Cpasnumenvuuiii ananu3z 3asucumocmu gppexma 7-TOK om 003vt u épemeHu IKCRO3UYUL NO OGHHBIM 00 U3MeHe-
nusx YTC u YIK u3 onybaukoeannoeo naxema 0antwix o cyoxponuueckoii moxkcuurnocmu 7-TOK das kpowic ¢ ucnoavzosanuem bMI
u NOAEL/LOAEL memodoaoeuit.

Mamepuaast u memoodst. B pabome ucnoav3o8an naxem Henpepviehvix oanuoix, xapakmepusyrouux YTC u YIK y kpoic camox no
pe3yavmamam npogederHozo cyoxporuueckoeo uccaedosanus 7-I0K. Anaauz 0anHbix 6binoaHeH cpedcmeamu npoepammHo2o obec-
neuenuss BMDS 2.6.0. 1. Yemanoenennoiii yposens omsema cocmaénsia 10%.

Pezyavmamot. Onpedenero, umo modenv Xunna peaesanmuo ompadxycaem 3agucumocms usmernenuii YTC u YTK om dozwer 7-T0K.
Suauenuss BMI, paccuumannvie no uzmenenusm YTC, oviau cxoonvimu (46-49 me/ke) uepez 1, 2 u 3 mecaua 6o3deiicmsus.
AHanoeuunas 3asucumocms 0biAa 00HAPYICEHA O HUNCHUX ePAHUY, 008epUmenvHbix unmepeanos benumapk-dos (bMAH), komo-
pole Haxoduauch 8 npedeaax 21-22 me/ke 0as 6cex uccredosantbix epeMeHHbIX npomexcymroes, moeoda kak NOEL das dannoii koneu-
Hotl mouku cocmagasia 50, 20 u 20 me/ke uepes 1, 2 u 3 mecaya coomeemcmeentno. bMJI, onpedenennsie no cHuxcernuro YIK, 603-
pacmany ¢ yseauueHuem epemeHu dKcnosuyuu, cocmaenns 48, 93, 486 me/ke uepez 1, 2 u 3 mecaya coomeemcmeeHHo.
Yemanoenennvie BMITH cocmasnsnu 24, 21, 207 me/xe wepes 1, 2 u 3 mecsaya coomeemcmeaernto, moeda kaxk NOEL cocmasnsn 50,
200, 200 me/ke 6 ykazaHHbie 8peMeHHble MOUKU.

Buigodst. EMJ] memoo sensiemcs 6oaee MOWHbIM UHCIPYMEHIMOM CIAMUCIUYECK020 aHau3a 3agucumocmu g gexmos 7-10K om
003bl N0 cpagHeHur0 ¢ mpaduyuoHHbvim nooxodom. Habarooaemoie usmenenus BMI u ee npouszeo0Hbix ceudemenvcmeyiom, 4mo He
npoucxooum aeepasauyuu co epemerem agpgpexma 7-TOK, onpedenennoeo no usmenenusmu YTC u YIK.
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