Hindawi

Journal of Toxicology

Volume 2019, Article ID 5723851, 14 pages
https://doi.org/10.1155/2019/5723851

Research Article

Toxicological Evaluation of a Mixture of
Astragalus membranaceus and Panax notoginseng

Root Extracts (InnoSlim®)

Timothy S. Murbach

,! Robert Glavits,” John R. Endres

,! Gabor Hirka,? Adél Vértesi,’

Erzsébet Béres,” and Ilona Pasics Szakonyiné’

TAIBMR Life Sciences, Inc., 2800 East Madison Street, Suite 202, Seattle, WA 98112, USA
*Toxi-Coop Zrt., Magyar Jakobinusok Tere 4/B, H-1122 Budapest, Hungary

Correspondence should be addressed to Timothy S. Murbach; tim@aibmr.com

Received 19 March 2019; Revised 22 May 2019; Accepted 29 May 2019; Published 1 July 2019

Academic Editor: You-Cheng Hseu

Copyright © 2019 Timothy S. Murbach et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Astragalus spp. and Panax spp. have a long history of traditional human use. A blend, InnoSlim®, of highly purified and fractionated
root extracts from Astragalus membranaceus and Panax notoginseng has now been developed for human consumption; however,
the unique constituent content of this blend has not been specifically evaluated with respect to safety. Therefore, the toxicological
potential of the blend was formally investigated in a series of studies—genetic toxicity was evaluated in a bacterial reverse
mutation test followed by an in vivo mammalian micronucleus test, and general toxicity was evaluated in a 28-day repeated-
dose oral toxicity study in rats. No evidence of mutagenicity was observed in the bacterial tester strains used, and no evidence
of in vivo chromosomal damage resulting in increased frequency of micronucleated cells was observed in male Cr:NMRI BR
mice. No mortality or toxic effects were observed, and no target organs were identified, in male and female Han:WIST rats
exposed to 0, 400, 800, or 1200 mg/kg bw/day of the blend by gavage for 28 consecutive days. The highest dose—1200 mg/kg
bw/day—was determined to be the NOAEL. Based on these results, extrapolation towards a safe human consumption level can be

explored.

1. Introduction

Both Astragalus membranaceus and Panax notoginseng roots
have long histories of traditional use. A. membranaceus Fisch.
ex Bung, also known as huang qi (Chinese), membranous
milkvetch root (English), ogi (Japanese), hwanggi (Korean),
and astragel (Danish), has been in use for over 2000 years and,
together with A. membranaceus var. mongholicus, is defined
as Radix Astragali in the Pharmacopoeia of the People’s
Republic of China [1, 2]. It is an adaptogen that has been
classified as a Qi and blood tonic in the Chinese Materia
Medica and has been used in China for general weakness,
to invigorate liver and spleen functions, to invigorate “yang”,
and for overall vitality [3-6]. Traditionally, it has been mainly
used as raw dried root, honey cured root, or as an aqueous
decoction, although steeping in ethanol (or “spirits”) has also

been described [1, 7]. Traditional intake has been reported to
range from 9 to 30 g daily; however, use of greater than 60 g
has been reported [1, 8].

The main constituents of A. membranaceus are saponins,
flavonoids, polysaccharides, amino acids, and trace elements
[9]. Saponins identified include 12 triterpene-oligoglycosides:
astragalosides I-VIII, acetylastragaloside I, isoastragalosides
I and II, and soyasaponin [10-12]. Flavonoids identified in A.
membranaceus are calycosin-7-O-3-D-glucoside, calycosin-
7-O-[3-D-glucoside-6'-O-malonate, ononin, (6aR,11aR)-3-
hydroxy-9,10-dimethoxypterocarpan-3-O- 3-D-glucoside,
calycosin, (3R)-7,2'-dihydroxy-3',4'-dimethoxyisoflavan-7-
O-B-D-glucoside, formononetin-7-O-B-D-glucoside-6'-O-
malonate, and formononetin [13].

P. notoginseng (Burkill) is also known by the synonym
P. pseudoginseng Wall. var. notoginseng (Burkill), basionym
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Aralia quinquefolia (L.) Decne. & Planch. var. notoginseng
Burkill, and traditional Chinese names, Sanqi, San Qi, Shan
Qi, Tu San Qi, Tiangi, and Tien-chi. The earliest description
was written in the 16™ century by Li Shi Zhen in “Bencao
Gangmu (Compendium of Materia Medica)” [14], and farm-
ers have cultivated the root for over 1000 years because it
was heavily depended upon for its reported benefits [14-
20]. Typical total daily intake has been reported to range
from approximately 3.12 to 15 g of a decoction or 1to 5 g of
ground powder (depending on interpretation of the Chinese
measures qian and fen), and the use of ethanolic extractions
has also been reported [14, 16, 19, 21].

The plant belongs to the Panax genus, which includes
Asian ginseng and American ginseng (both of which, also,
have long histories of human consumption), and analy-
ses of 5S-rRNA from Panax species show a high degree
of genetic similarity; approximately 75% of the ribosomal
genome is conserved throughout the genus [15]. The main
active constituents in P. notoginseng are saponins (56 have
been identified through HPLC), which comprise approxi-
mately 8-13% by weight of the root. All of the saponins
in notoginseng are classified as dammarane saponins; 21
are protopanaxtriols and 35 are protopanaxdiols. The first
saponins isolated were the ginsenosides Rbl, Rd, Re, and
Rgl [14]. Other constituents include amino acids, the most
prevalent being arginine, aspartic acid, and glutamic acid;
five polyacetylenes: panaxytriol, panaxydol, notoginsenic
acid, -sophoroside, and 10-hydroxydeca-4,6-diynoic acid;
the flavonoids quercetin and quercetin-3-O-sophorside; and
the following phytosterols: 3-sitosterol, daucosterol, betulin,
lupeol, and calenduladiol [14, 15].

Modern research continues to build on traditional knowl-
edge regarding uses of these botanicals, and a novel blend,
InnoSlim®, of a hydroethanolic root extract of A. mem-
branaceus and an aqueous root extract of P notoginseng
was developed to exploit properties of the botanicals related
to metabolic regulation and weight management [22-25].
However, the safety of this unique preparation has not
been formally explored although the long history of use, at
substantial levels, of both of these botanicals provides an
indication as to their safety. In addition, poorly characterized
aqueous extracts of both A. membranaceus and P. notoginseng
have been the subject of some toxicologic investigations,
and both have produced generally negative results in genetic
and oral toxicity tests [26-28] although an Astragalus root
extract caused gastric erosion at the highest dose tested
(described as 180 g/kg bw/day) [27]. A solvent-extracted
A. membranaceus root was also investigated via parenteral
administration and did not cause adverse effects in rats or
dogs [29]. Nonetheless, while corroborative of safety, these
studies were generally poorly described, and it is also unclear
how similar or dissimilar the tested extracts are to the extracts
that comprise InnoSlim® and, therefore, how relevant they are
to the safety of this unique blend. Due to interest in InnoSlim®
as a food ingredient, in the current work, we conducted
a battery of toxicological investigations with the aim of
understanding the potential toxic effects of the preparation
as formulated.
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2. Materials and Methods

2.1. Test Item. InnoSlim® is an equal mixture of dried extracts
of A. membranaceus (10:1 hydroethanolic extract) and P.
notoginseng (50:1 aqueous extract) roots blended together
with a small amount of maltodextrin as an excipient and its
production is compliant with current Good Manufacturing
Practice. The final blend is a beige to light yellow powder
with a characteristic odor and taste and is standardized to
contain >2.5% saponins, >0.01% astragaloside I, and >1.0%
ginsenoside Rgl. InnoSlim®, lot number C20171110, was
provided by NuLiv Science USA, Inc., Brea, California, USA
for use as the test item in the current work.

The test item meets food grade specifications for identity,
physical characteristics, and contaminants, such as pesti-
cide residues, organic solvents, heavy metals, and microbial
growth. The manufacturing process uses an extraction and
processing technology, under appropriate process controls,
comprised of typical process steps including washing, pulver-
izing, extraction, chromatographic fractionation, concentra-
tion, drying, and blending. The raw botanicals are purchased
from established growers and verified for identity, as well
as assessed for moisture and ash content, heavy metals,
and pesticide residues. The studies herein described were
conducted in compliance with OECD Principles of Good
Laboratory Practice (GLP) [30], except for the following
deviation: analytical control of the test item formulations
for homogeneity and stability was not performed because
no appropriate test method was available. As previously
described [31], animal husbandry was according to OECD
test guidelines [32, 33] and the standard operating procedures
(SOP) of the laboratory as well as relevant regulations for the
protection, care, and use of animals.

2.2. Bacterial Reverse Mutation Test. The test was conducted
according to OECD Guideline for Testing of Chemicals
471 [34] in order to evaluate the mutagenic potential of
InnoSlim®. SOPs of the laboratory were applied as well as
procedures described by Ames et al. [35], Maron and Ames
[36], Kier et al. [37], Venitt and Parry [38], and Mortelmans
and Zeiger [39].

In order to identify an appropriate vehicle and test
concentrations for the main tests, a non-GLP preliminary
solubility test and a concentration range finding test in
Salmonella typhimurium TA98 and TA100 using a plate incor-
poration method were conducted. Based on the solubility test,
ultrapure water (ASTM Type 1, prepared in the laboratory by
Direct-Q5 system, Millipore) proved to be a suitable vehicle
for the test item in a solution of top agar and phosphate
buffer. Bacterial tester strains Salmonella typhimurium TA9S,
TA100, TA1535, and TA1537 and Escherichia coli WP2 uvrA
(Moltox, Inc., Boone, NC, USA) were utilized for the main
tests with test item concentrations of 5000, 1600, 500, 160, 50,
and 16 pg/plate with and without metabolic activation (S9-
mix). Standard, strain specific, verified positive controls, and
appropriate positive control specific vehicles were utilized as
previously described [40, 41]. The S9-mix was prepared in the
laboratory with rat liver S9 fraction (Moltox, Inc., Boone, NC,
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USA) and was both certified by the supplier and verified in
the laboratory for effectiveness with the positive controls.

The GLP main bacterial reverse mutation tests employed
a standard plate incorporation procedure as the initial test
and a preincubation procedure as the confirmatory test. Both
tests were carried out in triplicate, and the test solutions,
positive control solutions, and the S9-mix were freshly
prepared at the beginning of each experiment. As described
previously [40], the experimental data was collected and
tabulated and results were evaluated on the basis of biological
relevance according to the validated criteria developed by the
laboratory.

2.3. In Vivo Mammalian Micronucleus Test. Bone marrow
of specific pathogen-free (SPF) male Crl:NMRI BR mice
(Toxi-Coop, Budapest, Hungary) was evaluated in order to
investigate the potential of InnoSlim® to cause chromosomal
damage in vivo. The study was conducted in accordance with
OECD test guideline 474 [33], and procedures described by
Salamone and Heddle [42] were also utilized.

Distilled water (Parma Product Kft., Budapest, Hungary)
was selected as the negative control and vehicle for the
test item, and dosing solutions were formulated by adding
distilled water to the necessary mass of test item and stirring
until homogeneity was reached. As no formulation analysis
was performed, the dose formulations were freshly prepared
each day and administered within two hours. The positive
control was cyclophosphamide (Sigma-Aldrich Co., Saint
Louis, MO, USA) dissolved in sterile water (NATURLAND
Kft., Budapest, Hungary). Dose and sex selection for the main
study were made on the basis of a non-GLP preliminary
toxicity test conducted in male and female mice at the limit
dose (2000 mg/kg bw).

Test item doses of 0, 500, 1000, and 2000 mg/kg bw were
administered at a constant volume of 20 mL/kg bw by gavage
to groups of five male mice with each animal receiving two
consecutive doses 24 hours apart. An additional group of five
mice was given the positive control once at a dose of 60 mg/kg
bw intraperitoneally at a volume of 10 mL/kg bw. Following
dosing and until sacrifice (24 hours after the final treatment),
the mice were closely monitored for adverse reactions. A
single bone marrow sample was obtained from the femurs
of all animals immediately following sacrifice and prepared
for microscopic examination to assess the proportion of
polychromatic erythrocytes (PCE) among total erythrocytes
and the frequency of micronucleated PCEs (MPCE).

2.4. 28-Day Repeated-Dose Oral Toxicity Studies in Rats.
In general accordance with OECD test guideline 407 [43],
the 28-day study was conducted in order to evaluate the
toxic potential of InnoSlim® and determine a no-observed-
adverse-effect level (NOAEL) in male and female SPF
Han:WIST rats (Toxi-Coop, Budapest, Hungary).

Randomization by weight stratification was used to assign
groups of 10 rats/sex to receive gavage (10mL/kg bw) admin-
istration of the test item at dose levels of 0, 400, 800, and
1200 mg/kg bw/day for 28 consecutive days. The vehicle and
negative control were distilled water (Parma Product Kft.,

Budapest, Hungary). Due to the lack of stability data, the test
item was carefully weighted and dissolved in the vehicle each
day and administered within 4 hours of preparation.

All observations (except functional observations were not
needed based on the results of the daily and weekly detailed
clinical observations), measurements, and evaluations rec-
ommended in the cited test guideline were conducted. In
addition, ophthalmologic examinations were conducted on
all animals during the acclimation period and on control and
high-dose animals at the end of the study, and body weight
gain, feed efficiency, and organ weights relative to body and
brain weights were calculated. All procedures were carried
out according to the cited test guideline and/or laboratory
SOPs. Mydriatic eye drops (Cicloplegicedol® (10 mg/mL),
Laboratorio Edol-Produtos Farmacéuticos S.A., Linda-a-
Velha, Portugal) were administered prior to ophthalmoscopic
examinations under subdued light, which was maintained
in the animal room for the remainder of the examination
days. Animals were fasted overnight after the final treatment,
and, after weight measurement, Isofluran CP® anesthesia
(Medicus Partner Kft, Biatorbagy, Hungary) was adminis-
tered to induce narcosis. Sacrifice was by exsanguination
from the abdominal aorta immediately following collection
of blood samples from the retro-orbital venous plexus.
Organ weights were determined, macroscopic examinations
were conducted, and tissues and organs were preserved for
histological examination.

2.5. Statistical Analyses

2.5.1. In Vivo Mammalian Micronucleus Test. Kruskal-Wallis
nonparametric one-way analysis of variance (ANOVA) was
performed, using SPSS PC+ software, version 4 (SPSS, Inc.,
Chicago, IL, USA), to analyze MPCE frequencies. The data
were checked for a linear trend in mutant frequency with
treatment dose using the adequate regression analysis in
Microsoft Excel version 2016 (Microsoft, Hungary). A P-
value of <0.05 was considered statistically significant in all
tests.

2.5.2. 28-Day Repeated-Dose Oral Toxicity Studies in Rats.
Heterogeneity of variance between groups was checked with
Bartlett’s homogeneity of variance test. If statistically signif-
icant heterogeneity was not detected, a one-way ANOVA
was carried out, and positive results were further evaluated
using Duncan’s Multiple Range test to assess the signif-
icance of intergroup differences. Data was examined for
normality using the Kolmogorov-Smirnov test if Bartlett’s
test was statistically significant, and non-normal distributions
were further evaluated using Kruskal-Wallis nonparametric
one-way ANOVA. Intergroup comparisons were performed
post hoc using the Mann-Whitney U-test if nonparametric
ANOVA results were statistically significant.

SPSS PC+ software, version 4, was used to conduct
the above statistical analysis for the following data: body
weight, body weight gain, food consumption, feed efficiency,
clinical pathology, and absolute and relative organ weights.
Male and female data were evaluated separately, and a



P-value of <0.05 was considered statistically significant in all
tests described. Statistical analysis of nonquantitative study
parameter (clinical observations, ophthalmoscopy, and gross
and histopathology) findings was not performed; frequencies
of occurrence by sex and dose were calculated for these
findings.

3. Results and Discussion

3.1 Bacterial Reverse Mutation Test. No precipitation of
the test item was observed in any of the experiments nor
was colony or background lawn development affected. No
concentration-related or biologically relevant increases in
revertant colony numbers of any of the five tester strains
treated with the various test item concentrations with or
without S9-mix were observed in the initial (Table1) or
confirmatory (Table 2) mutation tests. All observed varia-
tion remained within the corresponding historical negative
control data ranges while the positive controls induced the
expected positive responses within the data ranges of the
corresponding historical positive controls.

3.2. In Vivo Mammalian Micronucleus Test. No mortality
or adverse reactions to treatment were observed in any
animals of the treatment or negative or positive control
groups. MPCE frequencies for the negative and positive
control groups were compatible with the historical control
data of the laboratory, and a large, statistically significant
increase in MPCE number was observed in the positive
control compared to the concurrent and historical negative
controls.

No statistically significant differences in the proportion
of PCEs among total erythrocytes were observed in the
500, 1000, or 2000 mg/kg bw groups compared to controls
although PCEs were slightly lower in the 2000 mg/kg group.
No statistically significant increases in frequency of MPCEs
were observed in the test item-treated groups compared to
the concurrent negative controls, and the observed MPCE
frequencies were compatible with the historical control data
of the laboratory. Summary data for the micronucleus test is
shown in Table 3.

3.3. 28-Day Repeated-Dose Oral Toxicity Study in Rats

3.3.1. Clinical Observations and Ophthalmology. No mortality
or morbidity occurred in any of the groups during the
treatment period. With the exceptions of scars observed on
the shoulders of a single male control animal from Days
17-22, no clinical signs or functional deficits were observed
in any animals during the daily cage-side or weekly detailed
clinical observations, and behavior and physical condition
of the animals were normal during the entire observation
period. On ophthalmologic examinations, the eyes of all
animals examined appeared normal without any detected
alterations.

3.3.2. Body Weights and Food Consumption. No statistically
significant differences in mean body weights in treated
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groups compared to controls were observed in either sex
(see Figurel). A statistically significant increase in mean
body weight gain was observed in the mid- and high-dose
male groups between Days 0-3, and a statistically significant
decrease in mean body weight gain was observed in the high-
dose group of females between Days 17-21 (see Table SI in
the Supplementary Material). These transient changes, while
dose-related, did not affect mean body weight or cumulative
body weight gain and, therefore, were not considered test
item-related.

Likewise, there were no statistically significant differences
in food consumption compared to the respective controls
in any groups of either sex while statistically significant
differences in feed efficiency compared to controls were
observed in mid- and high-dose males for Week 1 and mid-
dose males for Week 4; no statistically significant differences
in feed efficiency were observed in the female groups (see
Table S2 in the Supplementary Material). The transient
differences in feed efficiency observed in the male groups
represent slight improvements with respect to controls but
had no effect on body weight or body weight development.

3.3.3. Clinical Pathology. Compared to the respective con-
trols, analysis of hematology data detected a statistically sig-
nificant increase in mean reticulocyte percentage in the high-
dose male group and a statistically significant increase in
mean hematocrit in the mid-dose female group. The follow-
ing statistically significant changes compared to controls were
detected on analysis of clinical chemistry data: decreased
mean alanine aminotransferase activity in mid-dose males,
decreased mean calcium and potassium concentrations and
increased creatinine concentrations in low-dose females, and
increased cholesterol in the high-dose females.

The above changes were not considered toxicologically
relevant as they were of low magnitude (the alteration in
calcium was marginally below the historical control range,
and all others remained within their respective historical con-
trol ranges), appeared sporadic (although a dose-relationship
could not be ruled out when the change occurred in the high-
dose group (i.e., reticulocytes and cholesterol)), and were
without correlating histopathology. The mean hematology
and clinical chemistry data are presented in Tables 4 and 5.

3.3.4. Gross Pathology. Pyelectasia was observed in the kid-
neys of 2 of 10 animals each in all male groups, 2 of 10 control
and mid-dose females, and 1 of 10 low-dose females. In most
cases, this was a single-sided finding with the exception
of both high-dose males and one of the mid-dose females
where both sides were affected. A diaphragmatic hernia
was observed in a single male control animal, and point-
like thymic hemorrhages were observed in a single female
control animal. Slight to moderate hydrometra was observed
in 2, 4, 2, and 2 female animals of the control, low-, mid-,
and high-dose groups, respectively. No other gross lesions
were observed in any animals. As the observed alterations
occurred with similar incidence in controls and treated ani-
mals (or in controls only) without correlating histopathology
(note some were associated with histological findings but



"OSINA 03 SI9J2I1 VYT PUB “YV6 ‘AN JO 236l uonenuu oy ‘12jem aandern ay) 0) $I19J21 [0IJU0D PAJeIIUN PUL ‘ST “ZY'S W) s ) JO )BT UOTeIN
YL, 'VVT PUB VY6 ‘AN :Seoue)sqns [onuod aanisod 10§ ao1yaa se parjdde sem QSN o) pue SSININ PUe ZVS :sa0ue)sqns [01)u0d 2A11sod Y} pue wra)1 3s23 ) Jo 2o1y2A se parjdde sem 1ojem aandenyn syivuay
‘dudBIYIUBOUTWE-7 V7 -d)euojnsaueyjoux EﬁmE ‘SINA suIplLIdROUTWER-6 V6 9PIZe WNIPOS 7S UEEm_ﬁmmmTEusm‘Nq‘ob_ N-¥ ‘AdN 9pIxoJ[ns TEumE% ‘OSIN{ *d1el uonenw Y

(2101d/81 05) vve

8¥'s (i - - - - - - - - - - - - - - - - -
- - - - £9°81 L0€T - - 7744 371 - - 8s'zz £2£00 - - £8°601 €/5L1 - - (om1d/3ni 7) yve
- - 06T €501 - - - - - - - - - - - - - - - - (2101d/711 2) SWIN
- - - - - - 68°0F 4 - - - - - - - - - - - - (2101d/81 05) Vv6
- - - - - - - - - - £v'I6 £¢58 - - oocr 0’878 - - - - (om1d/3n 7) ZvS
- - - - - - - - - - - - - - - - - - 274 €8¢ (2101d/31 7) QAN
STOMLNOD FALLISOd

0TT 0SS 80 Lse 811 L9 780 0L 8€'T 0TI j2ut L0t 101 L7T0T €0°T L PET 0'st L£1 L61 91
160 a4 180 0°0¥ 00T €Tl 88°0 €L 9¥'l L1 g €01 101 €101 160 £89 160 0z1 6L0 €Tl 0s
481 01s 160 vy 880 0's 89°0 Ls 8€'T o 8I'T o €Il L€ 481 €6L 00 L81 or't L91 091
v0' (¥4 90 L8V 80 Ly 80'T 06 €€ L0t gt €01 L0°T 0801 11 £s8 ST1 £€T S6°0 L€t 00S
61T €S 160 0Ty 120 0p 780 0z €11 06 L0°T 001 96°0 £96 160 €89 0T 061 860 0¥l 0091
160 £Fy 80 LL€ 671 [ 80°T 06 00 08 00 €6 68°0 L68 PO L€L o€’ €% PIT €91 000S
NALLI LSHL

[onuo)

00 LSy 001 0'9¥ 00 Ls 00 €8 00 08 00 €6 001 £00T 001 L0L 001 L81 00 €F1 sorep amndenin
00T 322 - - 001 0z 001 09 00T L6 - - 001 06 - - 001 091 00T L€l 10431100 OSWA
90 €8 S0 €€ 901 09 60 LL 1 L6 680 €8 LL0 LLL 88°0 €79 780 €61 601 Lt [oxuoD pajeanun
(YN) 218 uonemy

NN uBIN NN UBIN NN UBIN NN UBIN NN UBIN NN UBIN NN uBIN NN UBIN NN UBIN AN ueIN ayerd 1ad syuerranar
wO San[eA UBSA

65+ 6S- 65+ 6S- 65+ 65 65+ 65 65+ (rd/Ar)
V4Anzdm LEST VL, SEST VL 001 V.L. 86 V.L. sonenuu0n

1102 DIYILIYIST

(1531, uonexodioouy e[q) 1S3, UOEINJAT [EIIU]

SUTRI)S 19)89) wntinuiiydA] vjjauowps

Journal of Toxicology

*}$9) UOIRINW [NIUT Y} JO SIMNSI oY} Jo ATRUIWING ] ATILV],



Journal of Toxicology

"OSINA 03 SI9JI VYT PUB ‘Y6 ‘AN JO 36l uonenuu oy ‘12jem aindernn 2y 0) $I19J21 [0IJU0D PAJeIIUN PUL ‘ST “ZY'S W) s ) JO )BT UOTIRIN
YL, 'VVT PUB VY6 ‘AN :Seoue)sqns [oxuod aanisod 10j ad1yaa se parjdde sem QSN oY) pue SSININ PUe ZVS :sa0ue)sqns [01)u0d 2A11s0d Y} pue w1 3s23 Y3 Jo 2o1y2A se parjdde sem 1ojem aandenyn ‘syivuay
uddBIYHUBOUTWE-T ‘Y7 9)eUOoJNSaue}oux TEumE ‘SN ‘duIplIdeOUTWE-6 VY6 9pIZe WNIPOS 7S meEm_wwcwRﬁmam‘NA‘O\EQ% ‘ddN -prxoj[ns TEumE% ‘OSIN{ *d1el uonenw Y

(2101d/81 05) vve

a4 €961 - - - - - - - - - - - - - -
- - - - 19°61 LSHl - - 68 o0zor - - 758 192, - - (2274 €249 - - (om1d/3ni 7) yve
- - 081 £85I - - - - - - - - - - - - - - - - (2101d/ 11 7) SWIN
- - - - - - 8£°09 LF9€ - - - - - - - - - - - - (a1014/571 05) Vv6
- - - - - - - - - - 298 2811 - - €66 €529 - - - - (am1d/31 2) 7S
- - - - - - - - - - - - - - - - - e £:09% (o101d/31 7) AN
STOMLNOD FALLISOd

€€ 00¥ ST €0¢ 001 €6 80°T L8 €01 €€l 6L0 0TI L0°T €01 or'T €69 780 €TC €1 0Z1 91
€0°T 0E 0TT AG 980 08 €80 L9 SO'T L€t 180 €Tl 0T £66 wl L9L S0 061 80 0Tt 0s
€€ 0'0¥ €I L6T 00 €6 LIT €6 LL0 001 980 [ikat L0 €F01 ST €c8 €60 Lse 60 [ikat 091
vTT [¥23 15T L6€ v L6 6L0 €9 001 0°€T €60 0°€T 160 €76 €It €L 080 €0T 8€'T 081 00S
61T Ls¢ 80°T €8T 960 06 80'T L8 60 [t 060 ra 101 £86 vTT 0'8L 60 £€T 8I'T €St 0091
@t £9¢ LET 09¢ 80 LL 70T €8 160 L 91 L2 86'0 096 43 0€8 160 VA4 €€ €21 000S
NALLI LSHL

[onuo)

001 0°0€ 001 €97 001 €6 001 08 00 0°€T 00 0¥l 001 L16 00 0°€9 007 €5t 00 0°€T sorep amndenin
00T X33 - - 00T €6 00T 09 00T ozt - - 00T €58 - - 00T €5z 00T LFl [04140D OSIWA
¥T1 573 01 19T €60 L8 €80 L9 80 [ 6L0 o €60 016 or't €69 0L0 LL1 160 ra [01u0D pajeanIun
(MIN) 2361 vonEINA

NN uBIN NN uBIN NN uBIN NN uBIN NN uBIN NN UBIN NN uBIN NN uBIN NN UBIN AN U ayerd 1ad syuelranar
wO San[eA UesA

65+ 65 65+ 65 65+ 65 65+ 65 65+ -
VANTdM LESTVIL SESTVIL 001 VI, 86 VI, sonenuu0n

1102 DIYILIYIST

SUTRI)S 19)89) wintinuiiydA] vjjauowps

(3531, UONBQNOUT-21{) IS, UOHINJA] AI0JRULIUOD)

*}J$9) UOT}eINW AIOJRWIUOD Y} JO SINST Y} JO ATewwng :g a19V],



Journal of Toxicology

TABLE 3: Summary results of the in vivo mammalian micronucleus test.

MPCE

o PCE/(PCE+NCE)
Groups (n =5%) Sampling timet Total PCEs analyzed (per 4000 PCE)
mean +SD mean +SD
Hist. Neg. Control 24 280000 5.11 0.98 - -
Con. Neg. Control 24 20000 5.40 114 0.53 0.01
500 mg/kg bw 24 20000 5.00 1.41 0.54 0.02
1000 mg/kg bw 24 20000 5.20 0.84 0.52 0.01
2000 mg/kg bw 24 20000 5.40 0.89 0.48 0.01
Positive Control 24 20000 148.20* * 8.17 0.39 0.02

Con. Neg. Control, concurrent negative control; Hist. Neg. Control, historical negative control; MPCE, micronucleated polychromatic erythrocytes; NCE,

normochromatic erythrocyte; PCE, polychromatic erythrocyte.
Positive Control: Cyclophosphamide (60 mg/kg bw).
‘tHistorical negative control (n = 70).

$Hours following last treatment.

#%p < 0.01 to the concurrent and historical negative control; Kruskall Wallis nonparametric ANOVA.

were without inflammatory or other pathological lesions,
see Section 3.3.6) and are common findings in untreated
rats, they were considered incidental without toxicological
relevance.

3.3.5. Organ Weights. Statistically significant differences with
respect to relevant controls were noted for slightly lower
mean thymus weight (absolute and relative to body weight) in
mid-dose male animals, slightly lower mean kidneys weight
relative to body weight in mid- and high-dose female animals,
and slightly lower mean heart weights (absolute and relative
to body weight) in high-dose females (see Tables S3-S5 in
the Supplementary Material). These differences, though sta-
tistically significant, were small in magnitude of change with
respect to controls and remained within or were marginal to
the historical control ranges (note thymus weights relative
to body weights were below the historical control range
in all male groups, including controls, and absolute heart
weights of the female controls were above the historical
control range). Additionally, there were no changes in related
clinical pathology parameters or correlating histopathology.
The weights of all other organs were similar in the control
and test item treated groups. Therefore, the minor statistically
significant variations in the organ weights were considered to
have occurred sporadically without biological or toxicologi-
cal significance.

3.3.6. Histopathology. Renal pelvic dilatation without degen-
erative, inflammatory, or fibrotic changes or other related
histopathological lesions was observed in correlation with the
macroscopic observations. This also occurs in untreated rats
[44-47] and its similar incidence in controls in the current
work was considered indicative of an incidental finding
without toxicological significance. Dilatation of the uterine
horns also correlated with the macroscopic observations
in control and high-dose females; however, microscopic
examination was not extended to the low- and mid-dose
group females as, due to its similar incidence in controls
and lack of pathological lesions in related organs, this was
considered a normal physiological process that occurs in the

proestrus phase of the sexual cycle as a result of estrogen
stimulation cycle [48, 49].

Mild acute thymic hemorrhage was observed microscopi-
cally in the same female control animal in which macroscopic
hemorrhages were observed as well as in a single high-dose
male animal. Mild acute hemorrhage was also observed in
the lungs of a single high-dose male, and minimal alveolar
emphysema was observed in one animal each of both the
male and female control and high-dose groups. These three
findings are also observed in untreated animals [47, 50, 51]
and when taken together, in our experience, may be indicative
of circulatory disturbances, dyspnea, and hypoxia that occur
as a result of the exsanguination procedure. Due to their
low incidence and similar occurrence in controls (with the
exception of the pulmonary hemorrhage) in the current
work, they were not considered toxicologically relevant.

The remaining microscopic findings were focal, sub-
scapular interstitial fibrosis in the liver of a single control
male, which was determined to be related to mechanical
irritation of Glisson’s capsule due to the diaphragmatic hernia
observed macroscopically in the same animal, and minimal
to mild hyperplasia of bronchus associated lymphoid tissue
in a single animal each of the male control and high-dose
groups and the female control group. Again, due to its
mild degree without inflammatory changes, the low and
similar incidence in the control and treated groups, and its
occurrence in untreated animals [52, 53], the finding was
considered incidental without toxicological significance. The
histological findings are summarized in Table 6.

3.3.7. Expanded Discussion. The mutagenicity of an aqueous
extract of a P. notoginseng roots and rhizomes (described only
as prepared following the “guidance of Traditional Chinese
Medicine practice and Professor Wang Xingwen’s “Propri-
etary Water Extraction Technology for Chinese Medicinal
Plants™) was previously evaluated in S. typhimurium tester
strains: TA97a, TA98, TA100, and TA102 using a plate incor-
poration procedure with and without metabolic activation
[28]. No mutagenic activity was observed up to 5000 pg/plate.
These results are consistent with those observed in the current
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FIGURE 1: Body Weights in the 28-Day Study. Control = 0 mg/kg bw/day; low-dose = 400 mg/kg bw/day; mid-dose = 800 mg/kg bw/day;

high-dose = 1200 mg/kg bw/day. (a) Male body weights. (b) Female

work conducted according to OECD protocols in tester
strains S. typhimurium TA98, TA100, TA1535, and TA1537
and E. coli WP2 uvrA, in which the test item (comprised
of approximately 50% P. notoginseng root hydroethanolic
extract) did not cause base pair substitution or frameshift
mutations under the applied conditions up to 5000 ug/plate.

The results of the current micronucleus test are also sup-
ported by previous works on both the aqueous P. notoginseng
extract (PNS) of Jialing et al. described above and an aqueous

body weights.

extract of A. membranaceus root, which was described by Hui
et al. as a “Huangqi Astragalus membranaceus composite,”
(HAMC) in which the main ingredient was described as a
water extract of the dried root of A. membranaceus [26].
While described as a composite, no other ingredients were
identified by the authors although it was reported that
dextran was used as a filler. Both studies were conducted in
Kunming mice that were given PNS (up to 10 g/kg bw) or
HAMC (up to 11 g/kg bw) twice at 24-hour intervals and
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TABLE 6: Summary of histopathology findings.
Dose group (mg/kg bw/day) Control 400 800 1200
Organs Observations n=10 N/A N/A n=10
Male
Animals with no microscopic findings 7/10 N/A N/A 6/10
Kidneys: Pelvic dilatation, slight 2/10*° 2/2 2/2 2/10
Liver: Focal interstitial fibrosis, mild 1/10* / / 0/10
Lungs: Acute pulmonary hemorrhage, mild 0/10 / / 1/10°
Alveolar emphysema, minimal 1/10 / / 1/10¢
Hyperplasia of BALT, minimal to mild 1/10° / / 1/10¢
Thymus: Acute hemorrhage, mild 0/10 / / 1/10°
Female
Animals with no microscopic findings 5/10 N/A N/A 7/10
Kidneys: Pelvic dilatation, slight 2/10° 1711 2/2 0/10
Lungs: Alveolar emphysema, minimal 1/10 / / 1/10
Hyperplasia of BALT, minimal 1/10 / / 0/10
Thymus: Acute hemorrhage, mild 1/10° / / 0/10
Uterus: Dilatation 2/10° / / 2/10

/, not examined; BALT, bronchus associated lymphoid tissue; N/A, not applicable (only animals with gross lesions were examined).
Data represent incidence of the observation (number of animals with observation per number of animals observed).

Organs without lesions in 10/10 control or high-dose animals not shown.
Matching superscripts represent findings observed in the same animal.

euthanized six hours following the second treatment; bone
marrow slides were evaluated for MPCEs by counting 1000
PCEs [26, 28]. No increases in MPCEs compared to the
negative control were observed in either study. Additionally,
HAMC and PNS did not exhibit genotoxic effects in sperm
morphology tests in Kunming mice. In the current work,
InnoSlim® did not induce chromosomal damage in the bone
marrow of mice under the applied conditions of the OECD
micronucleus test at doses up to 2000 mg/kg bw.

HAMC and PNS were also evaluated for acute and 30-
day repeated-dose oral toxicity [26, 28]. In the acute studies,
22 g/kg bw HAMC or 20 g/kg bw PNS did not cause
mortality and were well tolerated in Kunming mice observed
for 14 days following dose administration. In the repeated
dose studies in Wistar rats, no mortality or obvious toxic
reactions were observed during the study periods, and no
significant differences were observed in body weight, food
intake and food utilization, hematology, blood chemistry,
or organ weight and organ/body weight ratios at doses of
HAMC up to 22 g/kg bw/day or PNS up to 1100 mg/kg
bw/day, the highest doses tested. Additionally, HAMC did
not cause adverse effects on gross and histopathological
evaluations (while in the PNS study, Jialing et al. reported
“organ pathological examination on liver, kidney, spleen,
testis, ovary and gastrointestinal organs were performed,” no
results were reported).

A decoction made from raw Astragalus root (species not
identified) has also been evaluated in Wistar rats in a 90-
day repeated-dose study [27]. The test item was prepared by
boiling 900 g of raw dried Astragalus root. The decoction
was strained, 1000 mL of solution set aside, and the root was
boiled a second time to obtain another 1000 mL solution.
The obtained solutions were then combined and boiled to

reduce to a1000 mL final solution, which was refrigerated and
reboiled weekly. 20 mL of the prepared solution was used as
the high-dose and was diluted with normal saline to produce
the mid- and low-dose solutions. According to the authors,
the low-, mid-, and high-doses were equivalent to 45, 90,
and 180 g/kg bw/day of the dried Astragalus root. No death
or abnormal clinical signs or statistically significant differ-
ences on body weight; food intake; hematological, clinical
chemistry, or urinalysis parameters; or organ weights were
observed in any groups, and no gross or histopathological
lesions were observed in the low- and mid-dose animals. In
the high-dose group, gastric ulcers and punctiform petechiae
were observed macroscopically with microscopic evidence of
associated inflammation in 8 of 10 animals.

The parenteral toxicity of A. membranaceus root has
also been evaluated in rats and dogs [29]. A purified,
freeze-dried, lyophilized powder containing polysaccharides
and saponins (astragalosides I, II, and IV, isoastragalosides
I, II, and IV, and acetylastragaloside I) was derived from
an organic solvent extraction of powdered A. membranaceus
root and administered intraperitoneally in Sprague-Dawley
rats and intravenously in beagle dogs for 90 days. The organic
solvent was not further identified. The tests were conducted
according to standard protocols of guidelines for chronic
toxicity testing of nature medicine and TCM, issued by State
Food and Drug Administration of China, 2005, but further
details were not provided. From limited results reporting it
appears that there were no deaths and no adverse effects on
body weight or clinical chemistry parameters and no test
item-related histopathological findings at doses up to 39.9
g/kg bw/day in rats and 19.95 g/kg bw/day in dogs.

The previous acute and subchronic oral studies of aque-
ous extracts of A. membranaceus and P. notoginseng roots
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as well as the subchronic parenteral studies of an organic
solvent extract of A. membranaceus root support the findings
of the current work in which no toxic effects were observed
when administering InnoSlim® to rats for 28 consecutive
days at doses up to 1200 mg/kg bw/day. While gastric
ulcers were observed in the high-dose group rats given the
Astragalus root decoction for 30 days, the dose administered
was much higher than that to which rats were exposed in
the current work. According to the authors, the high-dose
of the decoction was the equivalent of 180 g/kg bw of the
dried Astragalus root while the dose of A. membranaceus
root extract administered in the current work can be said
to be equivalent to approximately 6 g/kg bw of raw A.
membranaceus root. Additionally, the different constituencies
extracted with water versus ethanol have not been character-
ized for comparison, and the species of Astragalus used to
prepare the decoction is also unknown. For these reasons,
ulcers observed following administration of the high-dose
of the decoction do not detract from the results of the
current work or present cause for concern with respect
to consumption of InnoSlim®. Viewed cumulatively, the
current work and previous works discussed above suggest
that A. membranaceus and P. notoginseng roots are quite safe
regardless of whether extracted with water or ethanol (and
possibly other organic solvents).

4. Conclusions

The test item produced unequivocally negative results in the
bacterial reverse mutation test and the in vivo mammalian
micronucleus test. Therefore, under the applied conditions,
InnoSlim® was not mutagenic up to the maximum recom-
mended concentration for soluble noncytotoxic substances (5
mg/plate) and was not genotoxic in vivo when tested up to
the limit dose (2000 mg/kg bw) in mice. Further InnoSlim®
was not toxic when administered orally to rats at doses of
400, 800, and 1200 mg/kg bw/day for 28 consecutive days.
The NOAEL was determined to be 1200 mg/kg bw/day (the
highest dose tested) in male and female Han:WIST rats.

Data Availability
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analysis to support the findings of these studies are included
within the article or in the supplementary information files.
All other raw and processed data used to support the findings
of these studies are available from the corresponding author
upon request.
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