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Purpose: This study aimed to toxicological evaluate a probiotics-based delivery system for 
p8 protein as an anti-colorectal cancer drug.
Introduction: Lactic acid bacteria (LAB) have been widely ingested for many years and are 
regarded as very safe. Recently, a Pediococcus pentosaceus SL4 (PP) strain that secretes the 
probiotic-derived anti-cancer protein P8 (PP-P8) has been developed as an anti-colorectal 
cancer (CRC) biologic by Cell Biotech. We initially identified a Lactobacillus rhamnosus 
(LR)-derived anti-cancer protein, P8, that suppresses CRC growth. We also showed that P8 
penetrates specifically into CRC cells (DLD-1 cells) through endocytosis. We then confirmed 
the efficacy of PP-P8, showing that oral administration of this agent significantly decreased 
tumor mass (~42%) relative to controls in a mouse CRC xenograft model. In terms of 
molecular mechanism, PP-P8 induces cell-cycle arrest in G2 phase through down-regulation 
of Cyclin B1 and Cdk1. In this study, we performed in vivo toxicology profiling to obtain 
evidence that PP-P8 is safe, with the goal of receiving approval for an investigational new 
drug application (IND).
Methods: Based on gene therapy guidelines of the Ministry of Food and Drug Safety 
(MFDS) of Korea, the potential undesirable effects of PP-P8 had to be investigated in intact 
small rodent or marmoset models prior to first-in-human (FIH) administration. The estimated 
doses of PP-P8 for FIH are 1.0×1010 – 1.0×1011 CFU/person (60 kg). Therefore, to perform 
toxicological investigations in non-clinical animal models, we orally administered PP-P8 at 
doses of 3.375 × 1011, 6.75 × 1011, and 13.5×1011 CFU/kg/day; thus the maximum dose was 
800–8000-fold higher than the estimated dose for FIH.
Results: In our animal models, we observed no adverse effects of PP-P8 on clinicopatho-
logic findings, relative organ weight, or tissue pathology. In addition, we observed no 
inflammation or ulceration during pathological necropsy.
Conclusion: These non-clinical toxicology studies could be used to furnish valuable data 
for the safety certification of PP-P8.
Keywords: biologics, therapeutic protein, probiotics derived anti-cancer protein P8, 
Pediococcus pentosaceus SL4, Lactobacillus rhamnosus, colorectal cancer, drug delivery 
system, protein secretion system, oral administration, non-clinical trial, toxicology finding

Introduction
CRC is a widespread fatal disease. Each year, approximately 1 million people 
around the world are diagnosed with CRC, of whom ~50% will be dead within 5 
years of diagnosis.1 Chemotherapy for CRC be subjected to suppress or prevent the 
recurrence of CRC after surgical resection. However, the efficacy of chemotherapy 
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agents is compromised by their potential toxicity.2 The 
molecularly targeted therapies be used to treatment for 
solid cancers, although safer than general chemotherapeu-
tic agents, have significant side effects.3 Accordingly, 
more effective and safer treatments are urgently required.

To overcome safety limitations, bioactive components 
such as natural and biological substances have been pro-
posed as substitutes for conventional chemotherapeutic 
agents.2,4 Bioactive components are probiotics or probio-
tic-derived biomolecules (postbiotics). Probiotics are func-
tional foods constituted by non-pathogenic intestinal 
bacteria that confer unique health benefits on the host.5–7 

Probiotics has been reported to have therapeutic potential 
against various diseases;8 diarrhea,9 inflammatory bowel 
disorder (IBD),10 ulcerative colitis (UC),11 Crohn’s disease 
(CD),12 lactose intolerance,13 and cancers.14,15 

Furthermore, the recommended amount of probiotics in 
functional foods (not be less than 108 to 109 colony-form-
ing units/g) corrects dysbiosis and maintains eubiosis of 
gut microbiota.16 Dysbiosis, a reduced diversity of gut 
microbiota, is associated with damage to gut barrier func-
tions such as intestinal immune system modulation, 
inflammatory cell activation, and the structure of the 
intestinal barrier.17

Therefore, we recently proposed using a lactic acid 
bacteria (LAB)-based drug delivery system (DDS) for 
secretion of proteins with therapeutic effects. Because 
LAB are intestinal microbes in humans, they are gener-
ally regarded as safe. Moreover, secretion of a probiotic- 
derived anti-CRC protein by LAB would likely have very 
few or mild adverse side effects.18 LAB are beneficial 
microorganisms that confer health benefits on the host 
and play roles in therapy;19 recent studies have demon-
strated that some LAB strains effectively inhibit the 
development of CRC via multiple pathways.20–22 

However, despite their importance to human health, few 
proteins have been isolated from LAB and evaluated for 
therapeutic potential.23–25

Recently, we described the first LAB DDS with the 
ability to suppress CRC that employed the delivery of a 
probiotic-derived anti-cancer protein directly to the intes-
tine. A major advantage of food-grade LAB-based DDS is 
that it is unlikely to be pathogenic; consistent with this 
idea, LAB have never been reported to pose a risk to 
health.18,26 Moreover, our approach could lead to the 
development of more cost-effective, intestine-specific, 
long-term therapies for human CRC.

We also isolated a novel biologic agent, the 
Lactobacillus rhamnosus-derived P8 protein, which exhibits 
anti-CRC properties in both cell culture and xenografts.27,28 

To develop a new LAB-based biologic, we generated a 
transgenic Pediococcus pentosaceus SL4 (PP) DDS expres-
sing P8 (PP-P8) for oral administration, and verified its anti- 
CRC efficacy in a xenograft model.27,29 Innovative biolo-
gics such as PP-P8 have been genetically engineered in an 
effort to create new therapeutics with fewer off-target 
activities.30,31

Furthermore, oral administration of PP-P8 can accelerate 
recovery from chemically induced dysbiosis. Correlation 
analysis showed that PP-P8 can contribute to rebiosis.32

Novel approaches for the development of anti-cancer 
drugs holds great promise for cancer therapy; however, 
new strategies also have a higher risk of failure due to 
issues with efficacy or safety. In the case of PP-P8, we 
adopted live LAB as a drug delivery vehicle. Moreover, 
the anti-cancer P8 protein, which is secreted when PP-P8 
reach the intestine, is also derived from probiotics, further 
increasing the probability that it is safe. We used genetic 
engineering tools and a recombinant plasmid [pCBT24-2- 
PK-P8-PK-P8 plasmid (accession number: KCCM12181P)] 
to create a LAB-based DDS capable of secreting P8 protein 
in the intestine.

In this study, we performed toxicological analysis of PP- 
P8 to confirm the safety of this system. The findings reported 
in this article will be useful for determining a suitable dose of 
PP-P8 for clinical applications, before the function of PP-P8 
in normal tissues and physiology is fully understood.

Materials and Methods
Bacterial Strains and Culture
Lactobacillus rhamnosus (LR) KCTC 12202BP was iso-
lated from human feces and Pediococcus pentosaceus SL4 
(PP) KCTC 10297BP was isolated from kimchi. Both 
strains were obtained from the culture collection main-
tained at Cell Biotech (Gimpo, Korea) and cultured 
for 18–24 h in MRS broth (Difco, Detroit, MI, USA) at 
37°C.27 Escherichia coli strains were cultured for 18–24 h 
in Luria–Bertani broth (LB broth, Difco) or on 
MacConkey agar (Difco) at 37°C.

Purification of Recombinant P8 from 
Escherichia coli
A P8 gene with restriction enzyme sites (5ʹ-NdeI/3ʹ-SalI) 
was synthesized by Cosmogenetech (Seoul, Korea) and 
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then cloned into the Escherichia coli expression vector 
(pET-22b; Novagen, Madison, WI, USA), which was 
described previously.27 The resultant pET-22b::P8 con-
struct was transformed into Escherichia coli strain C41 
(DE3) (Novagen), which was cultured in M9 medium to 
an optical density (OD) of 0.6. The recombinant P8 pro-
tein (r-P8) contains a hexa-histidine (6×His) and a TEV 
protease cleavage site in its N-terminal region. R-P8 pro-
tein was purified by binding to Ni2+-NTA agarose (Qiagen, 
Valencia, CA, USA), and then the 6×His tag was removed 
using TEV protease (GenScript, Piscataway, NJ, USA). To 
confirm the homogeneity of the purified r-P8, r-P8 was 
applied to a size exclusion column (HiLoad 26/60 
Superdex 200 pg; GE Healthcare, Boston, MA, USA).

Cell Proliferation Assay
DLD-1 cells (1 X 103 cells/well) were seeded into 96-well 
plates. After 24 h, r-P8 protein (0, 40 μM) was added to 
each well and incubated for a further 72 h. Next, both cells 
[control and r-P8 treatment] were stained for 30 min with 
the Live cell marker Syto9 (Green) (LIVE/DEAD® 

Viability/Cytotoxicity Kit; ThermoFisher scientific, 
Waltham, MA, USA) after removal of the medium. Live 
cells were visualized and images were analyzed using 
ImageXpress®Micro Confocal microscope (Molecular 
Devices).27,28

Generation of Transgenic Pediococcus 
pentosaceus SL4 Harboring the pCBT24- 
2-PK-P8-PK-P8 Plasmid
An artificial P8 expression system [pyruvate kinase pro-
moter (PK)-secretion signal peptide (usp45)-P8] was 
designed to enable the insertion of synthesized DNA frag-
ments. A two codon-optimized artificial P8 expression 
system with restriction enzyme sites (5ʹ-NheI/3ʹ-SalI or 
5ʹ-BamHI/NdeI-3ʹ) was synthesized by ATUM (Newark, 
CA, USA) and cloned into the expression vector pCBT24- 
2 (KCCM12182P). Two copies of the artificial P8 expres-
sion system were used to maximize the expression and 
secretion of P8 protein. Finally, the pCBT24-2-PK-P8-PK- 
P8 plasmid (accession number: KCCM12181P) was trans-
formed into PP cells, which were described previously.27 

The transformant selected using MRS agar plates contain-
ing erythromycin (10 mg/mL) was inoculated into 10 mL 
MRS broth containing erythromycin and cultured at 37°C 
for 15 h (no shaking). Next, 1 mL pre-culture was inocu-
lated into 10 mL M9 minimal medium containing 

erythromycin and cultured at 37°C for 48 h (no shaking). 
The pure culture supernatant was collected by centrifuga-
tion and then concentrated using the TCA precipitation 
method to isolate the secreted protein. Finally, the secreted 
PP-P8 protein was detected by Western blotting.33

Detection of PP-P8 Protein in the PP-P8 
Culture Supernatant
To collect PP-P8 culture media without cells, the culture 
was centrifuged at 7000 rpm for 15 min at 4°C, and the 
supernatant was subjected to microfiltration (MF) on a 0.2 
μm ULTA filtration system (Cytiva, Marlborough, MA, 
USA). To concentrate PP-P8 in the culture medium, a 3 
kDa hollow-fiber membrane (UFP-3-C-4X2MA, 0.014 
m2, 60 cm) was connected to an ÄKTA flux 6 system 
(Cytiva), and the trans-membrane pressure (TMP) value 
was maintained at 1.5 bar. The culture concentrate (300 
mL) was recovered by ultrafiltration (UF) and dialysis 
with binding buffer (20 mM Na-P, pH 7.4), and the 
amount of P8 protein in the concentrated solution was 
determined by SDS-PAGE and Western blotting. To purify 
the P8 protein from the concentrated solution, an anti-P8 
pAb-coupled resin was prepared using CNBr-activated 
Sepharose 4B.34 Purification of P8 protein from the con-
centrated solution by immuno-affinity chromatography 
(IAC) was performed as described.35 The amount of pur-
ified PP-P8 protein was determined by SDS-PAGE and 
Western blotting. Next, purified PP-P8 protein was sub-
jected to quadrupole time-of-flight (Q-TOF) LC/MS/MS 
analysis for identification (Gyeonggido Business & 
Science Accelerator Bio Center, Suwon-si, Gyeonggi-do, 
Korea).

Animal Care and Maintenance
ICR mice (8-week-old) were used for the single-dose oral 
toxicity study. ICR mice (6-week-old) were used for the 2 
week repeated oral dose range-finding (DRF) study, the 4 
week repeated oral toxicity study, and the 4 week recovery 
test. All test mice were obtained from Samtako Bio Korea 
(Osan-si, Gyeonggi-do, Korea). The toxicity tests were 
conducted in facilities of the Chemon Preclinical 
Research Center (Yongin-Si, Gyeonggi-do, Korea), which 
has been approved by the Korean government, and ani-
mals were maintained in accordance with the guide for the 
care and use of laboratory animals.36 The animal use 
protocol was reviewed and approved by The Chemon 
Institutional Animal Care and Use Committee (Chemon 
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IACUC). These selections were accepted by Assessment 
and Accreditation of Laboratory Animal Care International 
(AAALAC International) and Use Committee (Chemon 
IACUC; See below).

● Single-dose oral toxicity study in ICR mice [Chemon 
Study No. 18-MA-0928; Approval No. 18-M597]

● Two-week repeated oral DRF study in ICR mice 
[Chemon Study No. 17-MR-0814; Approval No. 
18-M132]

● Four-week repeated oral toxicity study and 4 week 
recovery test in ICR mice [Chemon Study No. 17- 
MR-0816; Approval No.18-M534]

The Marmoset has several advantages in toxicology 
studies.37 Marmosets (32 animals/sex/group; males, 1.5–3 
years; females, 1.5–3 years) were obtained from Kbio 
Health (Cheonju-si, chungbuk-do, Korea). The animal 
use protocol was accepted by AAALAC International 
and the Osong Medical Innovation Foundation (OMIF) 
Institutional Animal Care and Use Committee (IACUC; 
KBIO-IACUC-2019-011-1), and was in accordance with 
OMIF animal testing center Standard Operating Procedure 
(SOP) recommendations for 4 week repeated dose toxicity 
and studies.

Justification for Selection of the Dose 
Level
The amount of active probiotic is generally expressed as 
CFU (colony-forming units), a unit of measure used in 
microbiology to estimate the number of bacteria capable of 
forming colonies in a sample of a probiotic-based biologic. 
Although general clinical trials have indicated that probio-
tic doses of 10–20 billion CFU per day are sufficient to 
maintain immune and digestive health, products with 
50–100 billion CFU are gradually becoming more 
common.38,39 Therefore, it may not be necessary to use a 
high CFU dose to achieve greater probiotic benefits, espe-
cially given that the goal of probiotics is to balance the gut 
microbiota.40

In the toxicity study, we tested PP-P8 over a three- 
point dose escalation [3.375 × 1011 CFU/kg, 6.75×1011 

CFU/kg, and 13.5×1011 CFU/kg]. The maximum dose 
[13.5 × 1011 CFU/kg] of PP-P8 was 800-fold higher than 
the optimal starting dose for a clinical trial [1 × 1011 CFU/ 
person (60 kg) ≒ 1.7×109 CFU/kg]. Although most people 
do not need a huge CFU to achieve general probiotic 

benefits, high-dose PP-P8 regimens (>50 billion CFU) 
have been considered for clinical treatment of CRC 
patients with extreme gastrointestinal dysfunction or 
dysbiosis.41,42 Although a daily dose of 10–15 billion 
CFU is advisable for individuals seeking everyday 
immune and digestive support, treatment with higher 
doses may be considered for people who experience sig-
nificant changes in their gut microbiome caused by illness, 
intense antibiotic therapy, or environmental toxins. 
However, individuals who think they require probiotics 
should consult with a medical professional about their 
health status and determine whether a high-dose probiotic 
regimen might improve their health.

Observation and Examination of Toxicity 
Studies
Clinical Signs
All animals were observed once a day, and any clinical 
symptoms of toxicity or mortality were recorded. 
Electrocardiograms (ECGs) of marmosets were conducted 
before treatment, after treatment, and after recovery to 
measure heart rate, P-R interval, QRS interval, and QT 
interval. These examinations were performed by a veter-
inarian from Konkuk University Veterinary Medical 
Teaching Hospital (Seoul, Korea).

Body Weight and Food Consumption
Body weights of all animals were measured once weekly after 
the start of treatment, and food consumption was recorded. 
Food consumption was calculated based on the difference 
between the supplied amount and the remaining amount.

Urinalysis
Urinalysis of all animals was performed during the last 
week of treatment using Multistix 10 SG strips (Siemens 
AG, München, Germany) and a urine analyzer (Clinitek 
Advantus, AG). After collection of fresh urine, the sam-
ples were analyzed for glucose (GLU), bilirubin (BIL), 
ketone body (KET), specific gravity (SG), pH, protein 
(PRO), urobilinogen (URO), nitrite (NIT), occult blood 
(BLO), leukocyte (LEU), and color.

Electrocardiographic (ECG) Examination
In the lead ECG test, bipolar lead (I, II, III), unipolar lead 
(aVL, aVF, aVR), S wave, Q-T interval, P-R interval, R 
wave, P-R interval, QRS duration, T wave, and heart rate 
were analyzed by Professor Kim Jung-Hyun of the 
Veterinary Teaching Hospital, Konkuk University, Seoul, 
Korea.44,45
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Ophthalmological Tests
Eyes of all animals in each group were examined both 
before treatment and after treatment, including the recov-
ery period. The ocular fundus examination was performed 
using a fundus camera (Retimera 1.0.; IIScience, Yangsan, 
Korea) after the pupil was dilated with a mydriatic drug 
(Ocu-Tropine; Samil-Pharm, Seoul, Korea).

Necropsy and Organ Weight
After an overnight fast, necropsy of all animals was per-
formed under anesthesia with 5% isoflurane, and moribund 
or dead animals also underwent necropsies soon after they 
were found.46–48 Blood samples were collected from the 
posterior vena cava, after which the animal was euthanized 
by exsanguination. The anatomic contents of animals in all 
orifices, all organs, and external surfaces were examined 
and recorded. To perform microscopic and histopathologi-
cal examinations, tissues and organs of all animals were 
individually collected and preserved in 10% neutral buf-
fered formalin. In addition, absolute and relative organ 
weights were measured. The major organs measured 
were as follows: thymus, spleen, liver, lung, adrenal 
gland left/right, brain, kidney left/right, and heart.

Hematology
Each blood sample was transferred to CBC bottles (EDTA 3 K; 
BD Biosciences, San Jose, CA, USA) and assayed on a hema-
tology analyzer (Advia 120E; Siemens Healthcare, Malvern, 
PA USA). Hematological measurements included eosinophil 
(EOS), mean corpuscular hemoglobin concentration (MCHC), 
hematocrit (HCT), neutrophil (NEU), hemoglobin (HGB), 
mean corpuscular volume (MCV), large unstained cell 
(LUC), lymphocyte (LYM), red blood cell (RBC), white 
blood cell (WBC), platelet (PLT), mean corpuscular hemoglo-
bin (MCH), monocyte (MONO), mean platelet volume 
(MPV), basophil (BASO), red cell distribution width (RDW), 
and hemoglobin distribution width (HDW).

Blood Biochemistry
Blood samples were transferred into Vacutainer tubes 
(SST II Advance; BD, Hunter Boulevard, UK) and 
allowed to clot for 20 min at room temperature. After 
centrifugation at 3000 rpm for 10 min, hematological 
parameters in plasma were analyzed on an AU680 
Chemistry system (Beckman Coulter, Brea, CA, USA). 
The following hematological parameters were studied: 
albumin (ALB), alkaline phosphatase (ALP), aspartate 
aminotransferase (AST), albumin/globulin (A/G ratio), 
blood urea nitrogen (BUN), total protein (TP), creatinine 

(CRE), total bilirubin (TBIL), calcium ion (Ca2+), trigly-
ceride (TG), potassium ion (K+), chloride ion (Cl−), total 
cholesterol (TCHO), creatine phosphokinase (CPK), ala-
nine aminotransferase (ALT), glucose (GLU), sodium ion 
(Na+), and inorganic phosphorus (IP).

Histopathology
Organs of all animals were collected and fixed in 10% neutral 
buffered formalin at necropsy. After fixation for 18 h, paraffin 
embedding was conducted and 3–4 µm sections were pre-
pared according to routine histological methods.49 All slides 
for histopathological examination were prepared using sec-
tioned-tissues or -internal organs. Representative sections of 
each organ or tissue on slides were stained with hematoxylin 
and eosin for light microscopy. Histopathological examina-
tions and analyses were performed by KNOTUS (Incheon, 
Korea). The following organs were examined: liver, kidney, 
thymus, adrenal gland, lung, parathyroid, jejunum, esopha-
gus, thyroid, salivary gland, heart, eye, ileum, brain, duode-
num, and pituitary gland.

Statistical Analysis
Body weight, food consumption data, blood biochemistry 
data, hematological data, and organ weight values 
were analyzed for homogeneity of variance using 
Levene’s test.50 Statistical analyses were performed using 
one-way analysis of variance (ANOVA) on the Prism 4. 
The results are presented as mean and standard deviation 
(means ±). Multiple comparisons were performed using 
Tukey’s multiple comparison test. A value of P < 0.05 was 
regarded as statistically significant.

Results
Probiotic-Based DDS (PP-P8) Resulted in 
Anti-CRC Activity via PP-P8 Secretion
Previous studies suggested that P8 protein suppresses 
proliferation of CRC, and we have reported that P8 pro-
tein can be detected in intestinal juice, blood, and CRC 
tissue.27–29 To date, however, no study has compared the 
anti-CRC efficacy between PP-secreted P8 protein (PP- 
P8) and Escherichia coli-expressed P8 protein (r-P8), 
despite the importance of this comparison for drug dose 
determination. We successfully purified P8 protein (PP- 
P8) from PP-P8 culture media by IAC and then visua-
lized P8 protein by SDS-PAGE and Western blotting 
(Figure 1A). Subsequently, we characterized the purified 
P8 using LC-MS/MS (Figure 1B). We then tested the 
anti-proliferative effect of P8 protein at a concentration 
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of 20 μM; previously, we reported 40 μM as the optimal 
concentration of P8 protein, but in this study the purifica-
tion of P8 gave a poor yield. We observed no difference 
in anti-proliferative activity (Figure 2).

Single-Dose Oral Toxicity Study in ICR Mice
[Chemon Study No. 18-MA-0928]

The toxicology of acute single-dose oral administration 
of PP-P8 in male and female ICR mice was tested at three 
increasing doses [3.375 × 1011 CFU/kg, 6.75×1011 CFU/ 
kg, and 13.5×1011 CFU/kg]. The maximum dose [13.5 × 
1011 CFU/kg] was 800-fold higher than the optimal 

starting dose for a clinical trial [1 × 1011 CFU/person (60 
kg) ≒ 1.7×109 CFU/kg]. Each test article was orally admi-
nistered in a single dose of 200 μL/mouse using an oral 
Zonde needle. In this toxicity test, PP-P8 treatment-related 
mortality was not detected at any dose, including vehicle 
control (PP-EV), and no abnormal clinical symptoms were 
detected during the clinical observation period. We 
detected no meaningful differences in body weight relative 
to the PP-EV control at any dose tested. Moreover, 
necropsy revealed no significant changes in 12 principal 
organs in treated vs non-treated groups. These toxicologi-
cal results showed that lethal dose (ALD) of PP-P8 mice 

Figure 1 Isolation of PP-P8 protein from PP-P8 culture media. (A) Purification of PP-P8 protein by immuno-affinity chromatography (IAC) from PP-P8 culture media was 
performed based on Moser et al, 2010. Purified PP-P8 protein was visualized by SDS-PAGE and Western blotting. (B) Purified PP-P8 protein was identified by LC-MS/MS.
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was higher than the maximum dose tested in this study 
[13.5 × 1011 CFU/kg].

Two-Week Repeated Oral DRF Study in 
ICR Mice
[Chemon Study No. 17-MR-0814]

To investigate the appropriate dose of PP-P8 for the 4 
week repeated oral toxicity study and 4 week recovery 
test, we conducted a 2 week repeated oral DRF study in 
male and female ICR mice.

As with the previous study, we tested PP-P8 over a 
three-point dose escalation [3.375 × 1011 CFU/kg, 
6.75×1011 CFU/kg, and 13.5×1011 CFU/kg]. Each test 
article was orally administered in a single dose at a volume 
of 200 μL/mouse using an oral Zonde needle. During the 

experimental period, we measured and recorded clinical 
data on food consumption, body weight, mortality, serum 
biochemistry, urine biochemistry, ophthalmic features, 
hematology, and organ masses. No deaths or clinical 
symptoms were associated with PP-P8 oral administration, 
and we observed no significant changes in food intake or 
body mass between the PP-P8-treated and PP-EV-treated 
groups. Ophthalmic examination, urinalysis, hematologi-
cal tests, clinical biochemistry tests, and necropsy findings 
revealed no significant abnormalities in either group.

Males exhibited a slight increase in spleen mass as PP- 
P8 dose increased, although spleen mass was unaffected in 
females (Table 1). Therefore, the increase in spleen mass 
symptom may be dose–response related and should be 
confirmed in a 4 week repeat administration trial. 

Figure 2 Anti-CRC efficacy of r-P8 and PP-P8. To compare anti-cancer activity of P8 proteins from different sources, DLD-1 cells treated with control, r-P8, or PP-P8 were 
examined under an ImageXpress Micro Confocal microscope. Cells were stained with the live marker Syto9 (Green).
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However, we conclude that a maximum dose of 13.5×1011 

CFU/kg is appropriate for a 4 week repeat administration 
trial, because abnormal spleen hyperplasia was only 
observed in males and the symptoms were not severe.

Four-Week Repeated Oral Toxicity Study 
and 4 Week Recovery Test in ICR Mice
[Chemon Study No. 17-MR-0816]

To assess the long-term toxicity of repeated oral dosing 
with PP-P8, we tested PP-P8 at increasing doses [3.375 × 
1011, 6.75 × 1011, and 13.5×1011 CFU/kg]. During the 
experimental period, we evaluated the same clinical fea-
tures as before the study.

No clinical symptoms or death were associated with 
PP-P8 oral administration, and we observed no significant 

differences in food intake or body mass between the PP- 
P8-treated and PP-EV-treated groups. Ophthalmic exami-
nation, clinical biochemistry tests, urinalysis, hematologi-
cal test, and necropsy findings revealed no significant 
abnormalities in any group.

Males exhibited a slight increase in spleen mass as PP- 
P8 dose increased, although spleen mass was unaffected in 
females (Table 1). The dose–response relationship implied 
that this change was a consequence of PP-P8 administra-
tion. Therefore, we concluded that this symptom should be 
followed in the 4 week repeated oral toxicity study in the 
mouse model and the 4 week repeated oral toxicity study 
in the marmoset model, and that the effect of PP-P8 
administration on absolute and relative organ weights 
should also be followed. The abnormal spleen symptoms 

Table 1 Absolute (g) and Relative (%) Organ Weights (DRF)

Absolute (g) and RelativE (%) Organ Weights Male

Parameters Groups (CFU/kg/day)

Mock PP-EV PP-P8 (3.375X1011) PP-P8 (6.75X1011) PP-P8 (13.5X1011)

Body weights (g) 31.49±2.53 31.18±2.46 31.58±2.58 32.13±1.08 32.81±2.97

Adrenal gland-left 0.0034±0.0008 0.0039±0.0007 0.0040±0.0009 0.0037±0.0004 0.0037±0.0005
% to body weight 0.0107±0.0025 0.0127±0.0023 0.0129±0.0027 0.0116±0.0013 0.0114±0.0013

Adrenal gland-right 0.0034±0.0010 0.0029±0.0009 0.0026±0.0009 0.0036±0.0012 0.0038±0.0008
% to body weight 0.0106±0.0026 0.0095±0.0033 0.0085±0.0035 0.0112±0.0039 0.0115±0.0025

Thymus 0.0628±0.0142 0.0564±0.0072 0.0552±0.0117 0.0650±0.0112 0.0673±0.0213
% to body weight 0.1977±0.0324 0.1811±0.0207 0.1744±0.0318 0.2023±0.0347 0.2033±0.0583

Spleen 0.0892±0.0097 0.1098±0.0215 0.1009±0.0140 0.1112±0.0127* 0.1303±0.0118**
% to body weight 0.2829±0.0156 0.3528±0.0677 0.3217±0.0562 0.3467±0.0430* 0.3986±0.0396**

Kidney-left 0.2637±0.0222 0.2603±0.0243 0.2824±0.0282 0.2733±0.0367 0.2917±0.0527
% to body weight 0.8405±0.0841 0.8357±0.0592 0.8944±0.0506 0.8494±0.0974 0.8906±0.1595

Kidney-right 0.2655±0.0257 0.2721±0.0246 0.2908±0.0391 0.2709±0.0324 0.3017±0.0454
% to body weight 0.8447±0.0726 0.8728±0.0464 0.9187±0.0643 0.8418±0.0805 0.9248±0.1641

Heart 0.1610±0.0122 0.1717±0.0231 0.1693±0.0149 0.1684±0.0069 0.1768±0.0152
% to body weight 0.5129±0.0434 0.5491±0.0438 0.5365±0.0249 0.5242±0.0121 0.5398±0.0293

Lung 0.2031±0.0079 0.2364±0.0198** 0.2207±0.0159 0.2125±0.0169 0.2384±0.0237**
% to body weight 0.6473±0.0461 0.7600±0.0636* 0.7004±0.0424 0.6612±0.0427 0.7286±0.0715

Brain 0.4961±0.0207 0.4924±0.0286 0.4904±0.0347 0.4854±0.0167 0.5150±0.0294
% to body weight 1.5806±0.0987 1.5821±0.0666 1.5547±0.0478 1.5120±0.0648 1.5763±0.1194

Liver (Gall bladder) 1.7546±0.2006 1.6718±0.1724 1.9204±0.1936 1.9244±0.1774 2.0969±0.3246$
% to body weight 5.5643±0.2855 5.3555±0.2095 6.0750±0.1802 5.9833±0.4157 6.4057±1.0063

N 5 5 5 5 5

Notes: The body weights were measured right before necropsy after an approximately 3–4 hrs fasting. Data are expressed as Mean ± S.D. */** Significant difference at 
p<0.05/P<0.01 levels compared with the Mock. $Significant difference at p<0.05 levels compared with the P. pentosaceous- vehicle control (PP-EV).
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in males were not observed in the PP-P8 4 week repeated 
oral toxicity study in mouse (Table 2, Figure 3A). 
Moreover, because the abnormal spleen hyperplasia was 
only observed in males, and the symptoms were not 
severe, the maximum dosage of 13.5×1011 CFU/kg was 
considered to be appropriate for the 4 week repeated 
administration trial (Table 2, Figure 3B).

Four-Week Repeated Oral Toxicity Study 
and 4 Week Recovery Test in Marmosets
[KBIOHEALTH 2019–011-CS]

To confirm the safety of PP-P8 using marmoset, which 
is closer to human, we performed a 4 week repeated oral 
toxicity test and a 4 week recovery test using the same 
doses as in the ICR mouse model described above. Each 

Table 2 Absolute and Organ Weights (Mouse 4 Weeks Repeated)

Mock PP-EV PP-P8 
(3.375X1011)

PP-P8 
(6.75X1011)

PP-P8 
(13.5X1011)

Body weights (g) 32.336±2.5928 33.526±2.3872 31.84±2.724931 31.444±1.6611 31.634±2.7967

Spleen % to body weight 0.10478±0.0104 0.09406±0.0116 0.09576±0.0156 0.09886±0.0089 0.09836±0.0216
0.32544±0.03820 0.28018±0.0242 0.29992±0.0352 0.31508±0.0317 0.30912±0.0458

Adrenal gland-left % to body 

weight

0.0028±0.0004 0.00324±0.0005 0.0029±0.0005 0.00298±0.0006 0.0031±0.0004
0.00866±0.0014 0.00966±0.0012 0.00918±0.0021 0.00948±0.0021 0.00994±0.0020

Adrenal gland-right % to body 

weight

0.00256±0.0002 0.00288±0.0007 0.0029±0.0006 0.00264±0.0003 0.00266±0.0004
0.00798±0.0011 0.00852±0.0017 0.00904±0.0013 0.00842±0.0012 0.00854±0.0020

Thymus % to body weight 0.05486±0.0081 0.03654±0.0023 0.03166±0.0086 0.04588±0.0098 0.03628±0.0078
0.17124±0.0334 0.10944±0.0111 0.09868±0.0218 0.1453±0.0258 0.11402±0.0158

Prostate gland % to body weight 0.01698±0.0067 0.01118±0.0031 0.0133±0.0016 0.01192±0.0029 0.01642±0.0084
0.0522±0.0187 0.03342±0.0096 0.04216±0.0071 0.0376±0.0074 0.0511±0.0239

Testis-left % to body weight 0.11682±0.0153 0.1198±0.0107 0.11596±0.0088 0.10354±0.0095 0.1158±0.0096
0.36186±0.0449 0.36006±0.0553 0.36594±0.0375 0.32944±0.0275 0.3673±0.0329

Testis-right % to body weight 0.12124±0.0130 0.1229±0.0117 0.12±0.0053 0.10956±0.0088 0.119±0.0051
0.37544±0.0355 0.36936±0.0579 0.37852±0.0286 0.34902±0.0307 0.37774±0.0261

Epididymis-left % to body weight 0.04594±0.0067 0.04546±0.0039 0.11618±0.1581 0.04334±0.0043 0.04568±0.0029
0.14196±0.0160 0.13562±0.0083 0.1397±0.0125 0.13856±0.0203 0.14466±0.0053

Epididymis-right % to body weight 0.04566±0.0053 0.04448±0.0026 0.0478±0.0076 0.04634±0.0054 0.0462±0.0015
0.14148±0.0157 0.13294±0.0081 0.14972±0.0161 0.14814±0.0225 0.14706±0.0151

Kidney-left % to body weight 0.2426±0.0225 0.28258±0.0539 0.2776±0.0125 0.23752±0.0128 0.27168±0.0291
0.75372±0.0887 0.8378±0.1080 0.87428±0.0375 0.7581±0.0726 0.86034±0.0805

Kidney-right % to body weight 0.24966±0.0283 0.2979±0.0636 0.29022±0.0241 0.23594±0.0240 0.26816±0.0265
0.77652±0.1108 0.88236±0.1315 0.91228±0.0357 0.75342±0.1011 0.67748±0.3259

Heart % to body weight 0.15732±0.0084 0.1803±0.0252 0.16804±0.0176 0.16016±0.0122 0.17164±0.0174
0.48746±0.0186 0.53582±0.0384 0.52792±0.0336 0.5093±0.0258 0.5422±0.0141

Lung % to body weight 0.1954±0.0135 0.20948±0.0357 0.20746±0.0237 0.1972±0.0280 0.2118±0.0288
0.6051±0.0261 0.62162±0.0687 0.65048±0.0269 0.62858±0.0960 0.67032±0.0776

Brain % to body weight 0.49056±0.0173 0.50244±0.0225 0.50916±0.0304 0.48472±0.0029 0.49756±0.0212
1.52348±0.1118 1.50164±0.0667 1.6037±0.0958 1.54528±0.0891 1.5805±0.1283

Liver (Gall bladder) % to body 

weight

1.66514±0.1941 1.80046±0.1704 1.6803±0.2298 1.767±0.1707 1.60832±0.2444
5.14178±0.2958 5.36422±0.1690 5.26326±0.3151 5.61182±0.3358 5.067±0.4112

Notes: The body weights were measured right before necropsy after an approximately 3–4 hrs fasting. Data are expressed as Mean ± S.D. */** Significant difference at 
p<0.05/p<0.01 levels compared with the Mock. $Significant difference at P<0.05 levels compared with the P. pentosaceous- vehicle control (PP-EV).
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test article was orally administered as a single dose at a 
volume of 3 mL/kg using an oral catheter. During the 
experimental period, we evaluated clinical signs, mortality, 
food consumption, body weight, organ masses, electrocar-
diography, serum biochemistry, urine biochemistry, hema-
tology, histopathological examination, prothrombin time 
examination, and ophthalmic features.

Clinical Signs, Mortality, Food Intake, and Body Mass
No deaths were associated with any dose of orally adminis-
tered PP-P8, and examination of clinical contents showed no 
abnormalities during the experimental period. No changes in 
weight were observed: average initial body mass was 340 ± 26 
g; in the PP-P8–treated and recovery groups, average body 
mass was 334 ± 28 g and 339 ± 24 g, respectively (Table 3). 
PP-P8 caused no significant difference in any symptom mon-
itored (Data not shown).

ECG
ECG evaluation revealed no significant difference among 
test groups (Table 4, Figure 4). When we compared ECG 
before and after administration of 0.9% saline (G1), used as a 
negative control, we observed reductions in heart rate (42.9% 
and 44.2%, respectively) and mild conduction disturbances 
in two of eight animals. In addition, we observed mild left 
ventricular hypertrophy (38.4%) in one animal.

Next, when we compared ECG before and after admin-
istration of the maximum dose of PP-EV [13.5 × 1011 CFU/ 
kg; G2], used as a positive control, we observed mild left 
ventricular hypertrophy (20%) in one of eight animals. 
Comparison of ECG before and after administration of 
low-dose PP-P8 [3.375 × 1011 CFU/kg; G3] revealed a 
slight right ventricular hypertrophy (33.3% and 10%) in 
two of eight animals and mild left ventricular hypertrophy 

Figure 3 Follow-up study of PP-P8 oral administration in spleen and thymus of male mice. In a 2 week repeated oral dose range-finding (DRF) study of PP-P8, absolute 
and relative organ weights were monitored. A dose–response relationship was observed for spleen mass in male mice (Table 1), indicating that the influence of PP-P8 
administration should be checked in a 4 week repeated oral toxicity study. (A) PP-P8 was not associated with abnormal spleen symptoms. (B) Abnormal thymus 
hyperplasia was observed in some animals; however, the symptoms were not severe, and no dose–response relationship was observed. * and **Represent significant 
differences (p<0.05 and p<0.01, respectively).
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(6.25%, 25.9%, and 11.5%) in three animals. Comparison 
of ECG before and after administration of maximum-dose 
PP-P8 (G4) revealed mild or significant left ventricular 
hypertrophy (26.3%, 57.8%, and 9.75%) in three of eight 
animals. After recovery, ECG examination revealed no sig-
nificant difference among test groups (Table 4). We 
observed no difference in ECG before administration vs 
after recovery. In the positive-control group, we observed 
mild left ventricular hypertrophy (5.26%) in one of six 
animals. When we compared before administration of 
low-dose PP-P8 vs after recovery, we observed slight left 
ventricular hypertrophy or reduction (37.5% and 20%) in 
two of six animals, and a slight right ventricular hypertro-
phy (33.3%) in one animal. In the group receiving max-
imum-dose PP-P8, we observed mild left ventricular 
hypertrophy (15.3% and 12%) in two of six animals.

Ophthalmic Examination
Ophthalmic examination showed no pathological effects of 
PP-P8 oral administration in any of the animals tested 
(data not shown).

Hematology
We performed hematological tests using whole blood col-
lected before or after 4 week PP-P8 administration or 4 week 
recovery. Comparison of the hematological test results before 
vs after PP-P8 administration revealed a significant decrease 
in the MCHC level in both sexes in the low-dose PP-P8 
group. Other statistically significant changes in the PP-P8 
administration group were not correlated with dose and were 
within the normal physiological range (Table 5).

Blood Coagulation Test
We observed no statistically significant changes in blood 
coagulation. However, the recovery group of 0.9% saline 
administration (G1) exhibited a mild decrease (0.76-fold) 
in prothrombin time (PT) and a slight increase (1.15-fold) 
in activated partial thromboplastin time (APTT) (Table 6).

Blood Biochemistry
Blood biochemical tests were performed using serum sam-
ples of all marmosets. We observed no statistically 

Table 3 Body Weight of Marmoset

Groups Contents Weeks of Treatment Weeks of Recovery

0 1 2 3 4 1 2 3 4

T 

R 
E 

A 

T 
M 

E 

N 
T

G1 MEAN 345.4 346.6 343.6 343.1 343.1
S.D 20.6 18.4 21.4 19.6 21.9

N 8 8 8 8 8

G2 MEAN 332.6 333.3 329.6 332.1 323.5
S.D 26.9 23.6 27.3 26.2 28.9

N 8 8 8 8 8

G3 MEAN 342.4 345.0 343.5 340.6 341.6
S.D 35.0 30.2 31.5 33.1 35.0

N 8 8 8 8 8

G4 MEAN 342.6 335.3 333.5 330.6 328.6
S.D 24.6 26.9 29.5 32.1 23.6

N 8 8 8 8 8

R 

E 
C 

O 

V 
E 

R 

Y

G5 MEAN 330.8 329.3 330.8 332.5 334.5 337.8 337.3 341.0 331.7
S.D 10.2 11.6 12.7 12.1 12.5 7.5 8.8 10.6 13.0

N 6 6 6 6 6 6 6 6 6

G6 MEAN 353.3 351.7 352.2 348.3 355.3 347.2 346.5 349.0 350.8
S.D 24.9 29.0 30.1 35.0 25.6 29.8 32.7 32.9 23.3
N 6 6 6 6 6 6 6 6 6

G7 MEAN 339.7 338.0 338.7 335.2 338.0 332.8 332.2 332.8 334.5
S.D 30.1 32.0 27.5 27.9 27.0 24.4 25.1 25.9 30.7

N 6 6 6 6 6 6 6 6 6

Notes: Treatment groups [G1: Mock, G2: PP-EV (13.5 X 1011), G3: PP-P8 (3.375 X 1011), G4: PP-P8 (13.5X 1011)]. Recovery groups [G5: Mock, G6: PP-P8 (3.375 X 1011), 
G7: PP-P8 (13.5X 1011)].
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significant changes in blood biochemistry after PP-P8 oral 
administration.

Comparison of hematological test results between pre- 
treatment and post-treatment revealed a significant 
increase in Ca level in males of the maximum-dose PP- 
P8 of recovery group. By contrast, the recovery group of 
0.9% saline administration exhibited a significant decrease 
in IP. Other statistically significant changes observed in the 

PP-P8 administration group were not correlated with dose 
and were within the normal physiological range (Table 7).

Urinalysis
Urinalysis by a semi-quantitative method revealed proteinuria 
exceeding the normal range in one male in the maximum-dose 
PP-P8 recovery group, one female in the PP-EV group (posi-
tive control), and one female in the 0.9% saline (negative 

Figure 4 Abnormal ECG symptoms following oral administration of PP-P8. Abnormal ECG symptoms were observed following oral administration of PP-P8. However, the 
symptoms were not severe, and no dose–response relationship or relationship with sex was observed. (A) Treatment group. (B) Recovery group. * and **Represent 
significant differences (P < 0.05 and P < 0.01, respectively).
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control) recovery group, both pre- and post-treatment. Two 
females in the low-dose PP-P8 recovery group exhibited pro-
teinuria exceeding the normal range after treatment. We did 
not observe any statistically significant changes in other uri-
nalysis results between the pre- and post-treatment groups 
(Table 8).

Necropsy Findings
During necropsy, we observed hepatic fibrosis, adrenal 
lesions, and lung lesions in one female in the low-dose 

PP-P8 group. However, these abnormal findings were 
observed only in one sex and not in other experimental 
groups. A mild inflammation of the small intestine was 
observed in one female and one male in the low-dose PP- 
P8 administration group (G3). In addition, intussusception 
was observed in one male in the low-dose PP-P8 admin-
istration group, and one male each in the 0.9% saline 
recovery group (G5) and the low-dose PP-P8 administra-
tion group (G6). However, this abnormal finding was 
observed only in one sex, and was not detected in the 

Table 6 Coagulation Time

Groups Conditions Sex Values of Coagulation Time Parameters (sec)

PT APTT

T 
R 
E 
A 
T 
M 
E 
N 
T

G1 Pre-medication Male 16.00 ± 1.41 97.25 ± 10.87
Post-medication Male 14.00 ± 0.00 108.50 ± 8.06

G2 Pre-medication Male 15.00 ± 1.15 107.75 ± 5.38
Post-medication Male 15.50 ± 1.73 106.00 ± 19.88

G3 Pre-medication Male 14.75 ± 0.96 93.25 ± 23.75
Post-medication Male 15.75 ± 1.26 97.00 ± 16.43

G4 Pre-medication Male 15.75 ± 1.50 101.25 ± 14.34
Post-medication Male 15.75 ± 1.26 112.25 ± 18.30

R 
E 
C 
O 
V 
E 
R 
Y

G5 Pre-medication Male 17.67 ± 1.15 111.00 ± 14.80
Post-medication Male 13.67 ± 0.58* 96.33 ± 17.39

G6 Pre-medication Male 15.67 ± 1.53 96.33 ± 8.62
Post-medication Male 15.00 ± 1.73 88.33 ± 5.69

G7 Pre-medication Male 16.33 ± 1.15 93.33 ± 4.04
Post-medication Male 14.33 ± 3.79 92.67 ± 14.01

T 
R 
E 
A 
T 
M 
E 
N 
T

G1 Pre-medication Female 14.25±2.06 100.75±15.04
Post-medication Female 15.25±1.50 104.00±2.94

G2 Pre-medication Female 15.50±1.73 102.25±6.84
Post-medication Female 16.00±0.81 93.25±17.19

G3 Pre-medication Female 15.50±1.91 104.75±14.72
Post-medication Female 15.25±0.95 103.25±23.87

G4 Pre-medication Female 15.00±1.41 104.50±6.85
Post-medication Female 15.50±1.73 115.50±9.25

R 
E 
C 
O 
V 
E 
R 
Y

G5 Pre-medication Female 13.66±1.52 96.33±10.01
Post-medication Female 15.00±1.73 110.66±5.85

G6 Pre-medication Female 15.66±1.52 100.33±9.60
Post-medication Female 16.33±2.51 100.33±14.64

G7 Pre-medication Female 15.66±1.52 103.00±5.56
Post-medication Female 17.66±1.15 104.00±30.04

Notes: Treatment groups [G1: Mock, G2: PP-EV (13.5 X 1011), G3: PP-P8 (3.375 X 1011), G4: PP-P8 (13.5X 1011)].Recovery groups [G5: Mock, G6: PP-P8 (3.375 X 1011), 
G7: PP-P8 (13.5X 1011)]. *Represents a significant difference at p<0.5 level compared with pre-medication.
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maximum-dose group (G4) or in the corresponding recov-
ery group (G7) (Table 9).

Organ Weight
Weights of the heart and left adrenal gland were elevated 
in one male in the 0.9% saline group (G1). Weights of 
liver and salivary glands were elevated in one animal, and 
the weight of the heart exceeded the normal physiological 
range in one animal. In addition, in one animal in the low- 

dose PP-P8 recovery group (G6), the liver exceeded the 
normal physiological weight range. However, increases in 
organ weights in other subjects were not accompanied by 
gross findings (Tables 10 and 11).

Histopathology
Bilateral extramedullary hematopoiesis and vacuolation 
lesions in the cytoplasm were observed in the adrenal cortex 
and medullary tissues of most individual cases (Table 12). 

Table 9 Gross Organ Observation

Individual No. Sex Gross Organ Observation Abnormal Organ

Organ Lesion Necropsy Findings

G3-1 Male Duodenum
Inflammation 
Dilation

G3-5 Liver
Fibrosis

G3-5 Adrenal Gland
Cytoplasmic spot

G3-5 Lung
White spots

G4-2 Male Ileum
Intussusception

G5-1 Male Ileum
Intussusception

(Continued)
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Fatty changes, extramedullary hematopoiesis, and glycogen 
accumulation were also observed in the liver. Hepatocyte 
necrosis and fibrosis were also detected in some individuals. 
In the kidney, we observed infiltration of inflammatory cells in 
the interstitium, extramedullary hematopoiesis in the medulla, 
infarction/dilatation of the tubules, and a dark brown granular 
material in the tubules.

Proliferation of C cells, infiltration of inflammatory 
cells, and atrophy/involution of ectopic thymus were 
observed in the thyroid gland.

In the lung, the alveolar cavity contained macrophages 
that engaged in phagocytosis of exogenous substances. In 
addition, infiltration of acute inflammatory cells and 
inflammatory cells were observed around the bronchioles 
in some individual cases.

In the digestive system, we observed infiltration of 
inflammatory cells in the stomach, duodenum, jejunum, 
and ileum, as well as enlargement and proliferation of 
Brunner's gland.

In the brain, we observed pigmentation of intramenin-
geal and cyst formation or fibrosis in pituitary gland tissue 
in a small number of cases.

Discussion
To evaluate the in vivo toxicity of PP-P8, developed as an 
anti-CRC drug,27,28 we performed several studies of PP-P8 
using mouse and small primate models:

● Single-dose oral toxicity study in ICR mice [Chemon 
Study No. 18-MA-0928]

● Two-week repeated oral DRF study in ICR mice 
[Chemon Study No. 17-MR-0814]

● Four-week repeated oral toxicity study and 4 week 
recovery test in ICR mice [Chemon Study No. 17- 
MR-0816]

● Four-week repeated oral toxicity study and 4 week 
recovery test in marmosets [KBIOHEALTH 
2019-011-CS]

In the single-dose oral toxicity study using ICR mice, 
we observed no significant changes. However, the 2 
week repeated oral DRF study in ICR mice revealed 
that relative and absolute spleen mass increased 
slightly in males, dependent upon PP-P8 dose, but 
spleen mass was unaffected in females (Table 1). This 

Table 9 (Continued). 

Individual No. Sex Gross Organ Observation Abnormal Organ

Organ Lesion Necropsy Findings

G6-3 Male Ileum
Intussusception

Gross organ observation
G3-7 Female Small Intestine

Inflammation 

Dilation

G4-5 Female Small Intestine
Inflammation 

Dilation

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                       

DovePress                                                                                                                       
4781

Dovepress                                                                                                                                                               An et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
10

 A
bs

ol
ut

e 
O

rg
an

 W
ei

gh
ts

G
ro

up
s

A
bs

ol
ut

e 
O

rg
an

 W
ei

gh
t 

(g
) 

of
 M

al
e

N
ec

ro
ps

y 
B

W
B

ra
in

Lu
ng

H
ea

rt
Sp

le
en

A
dr

en
al

 
G

la
nd

 L
A

dr
en

al
 

G
la

nd
 R

K
id

ne
y 

L
K

id
ne

y 
R

Li
ve

r 
an

d 
G

al
lb

la
dd

er
G

as
tr

oi
nt

es
ti

na
l

E
ye

 L

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

35
1.

75
 ±

20
.9

8
7.

88
±0

.4
4

1.
91

±0
.1

7
3.

04
±0

.3
6

0.
29

±0
.0

3
0.

08
±0

.0
1

0.
1±

0.
03

1.
19

±0
.1

9
1.

09
±0

.1
1

14
.2

7±
1.

89
25

.5
8±

4.
94

1.
05

±0
.0

5

G
2

32
5.

5 
±3

3.
41

7.
89

±0
.5

4
1.

65
±0

.0
2

2.
25

±0
.3

8†
0.

31
±0

.0
6

0.
05

±0
.0

1
0.

04
±0

.0
1

0.
86

±0
.1

4
0.

96
±0

.0
9

12
.0

2±
1.

22
25

.6
±4

.6
0

0.
99

±0
.0

3

G
3

32
4.

25
 ±

33
.2

8
7.

98
±0

.3
8

1.
89

±0
.2

6
2.

28
±0

.2
7†

0.
34

±0
.1

6
0.

05
±0

.0
1

0.
05

±0
.0

1
0.

99
±0

.1
1

0.
97

±0
.1

7
9.

89
±1

.6
8†

21
.8

5±
3.

82
1.

01
±0

.0
1

G
4

34
0.

25
 ±

30
.2

5
8.

02
±0

.2
5

1.
75

±0
.1

4
2.

43
±0

.3
2

0.
36

±0
.1

5
0.

05
±0

.0
1

0.
05

±0
0.

96
±0

.1
9

1.
02

±0
.2

5
11

.3
2±

1.
99

22
.1

1±
4.

52
1.

02
±0

.0
4

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

32
5.

67
 ±

7.
57

8.
61

±0
.5

8
1.

65
±0

.0
4¥

1.
87

±0
.3

3¥
0.

23
±0

.0
4

0.
05

±0
.0

1
0.

05
±0

.0
1

1.
15

±0
.1

4
1.

15
±0

.1
1

13
.2

6±
0.

78
31

.2
1±

4.
82

0.
95

5±
0.

04

G
6

36
3.

67
±2

1.
55

7.
9±

0.
37

1.
74

±0
.1

2.
23

±0
.5

5
0.

21
±0

.0
5

0.
05

±0
0.

05
±0

.0
1

1.
15

±0
.2

7
1.

18
±0

.3
14

.2
4±

2.
28

¶
25

.1
5±

2.
89

0.
92

±0
.1

2

G
7

32
7.

33
 ±

27
.6

5
8.

02
±0

.2
4

1.
52

±0
.2

5
2.

53
±0

.2
2

0.
27

±0
.0

4
0.

05
±0

0.
05

±0
1.

02
±0

.1
3

1±
0.

03
12

.3
1±

0.
3

28
±4

.9
4

0.
87

±0
.0

5‡

G
ro

up
s

A
bs

ol
ut

e 
O

rg
an

 W
ei

gh
t 

(g
) 

of
 M

al
e

E
ye

 R
To

ng
ue

T
hy

m
us

Sa
liv

ar
y 

G
la

nd
 L

Sa
liv

ar
y 

G
la

nd
 R

U
ri

na
ry

 
B

la
dd

er
Te

st
is

 L
Te

st
is

 R
E

pi
di

dy
m

is
 L

E
pi

di
dy

m
is

 R
P

ro
st

at
e

Se
m

in
al

 
Ve

si
cl

e

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

1.
02

±0
.0

5
0.

92
±0

.1
3

0.
25

±0
.1

0.
21

±0
.0

1
0.

23
±0

.1
0.

4±
0.

11
0.

62
±0

.1
1

0.
67

±0
.1

3
0.

15
±0

.0
3

0.
17

±0
.0

4
0.

29
±0

.0
6

0.
18

±0
.1

3

G
2

0.
99

±0
.0

7
0.

81
±0

.0
8

0.
2±

0.
08

0.
16

±0
.0

2
0.

16
±0

.0
1

0.
35

±0
.0

5
0.

5±
0.

09
0.

51
±0

.0
9

0.
11

±0
.0

2
0.

15
±0

.0
2

0.
26

±0
.0

8
0.

09
±0

.0
3

G
3

1±
0.

02
0.

82
±0

.0
5

0.
21

±0
.0

9
0.

14
±0

.0
3

0.
16

±0
.0

2
0.

37
±0

.0
6

0.
55

±0
.0

6
0.

56
±0

.0
6

0.
12

±0
.0

1
0.

12
±0

.0
2

0.
24

±0
.0

3
0.

17
±0

.1
1

G
4

1.
02

±0
.0

7
0.

91
±0

.2
7

0.
21

±0
.0

6
0.

15
±0

.0
4

0.
15

±0
.0

3
0.

32
±0

.0
1

0.
65

±0
.0

8
0.

65
±0

.0
9

0.
28

±0
.0

1
0.

14
±0

.0
1

0.
3±

0.
08

0.
13

±0
.0

4

https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4782

An et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

0.
99

±0
0.

72
±0

.1
3

0.
2±

0.
04

0.
12

±0
.0

1¥
0.

14
±0

.0
4

0.
29

±0
.1

3
0.

66
±0

.1
3

0.
62

±0
.1

3
0.

14
±0

.0
4

0.
14

±0
.0

1
0.

29
±0

.0
2

0.
1±

0.
01

G
6

0.
98

±0
.1

0.
71

±0
.0

4
0.

28
±0

.0
7

0.
13

±0
.0

4
0.

13
±0

.0
4

0.
32

±0
.0

4
0.

62
±0

.0
2

0.
63

±0
.0

3
0.

15
±0

.1
2

0.
15

±0
.1

2
0.

29
±0

.0
5

0.
16

±0
.0

3

G
7

0.
88

±0
.0

6‡
0.

8±
0.

09
0.

41
±0

.2
0.

13
±0

.0
3

0.
11

±0
.0

1
0.

3±
0.

03
0.

67
±0

.1
4

0.
71

±0
.1

6
0.

19
±0

.0
5

0.
15

±0
.0

4
0.

22
±0

.0
1

0.
14

±0
.0

1

G
ro

up
s

A
bs

ol
ut

e 
O

rg
an

 W
ei

gh
t 

(g
) 

of
 F

em
al

e

N
ec

ro
ps

y 
B

W
B

ra
in

Lu
ng

H
ea

rt
Sp

le
en

A
dr

en
al

 
G

la
nd

 L
A

dr
en

al
 

G
la

nd
 R

K
id

ne
y 

L
K

id
ne

y 
R

Li
ve

r 
an

d 
G

al
lb

la
dd

er
G

as
tr

oi
nt

es
ti

na
l

E
ye

 L

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

31
4 

±1
3.

29
7.

53
±0

.1
1

1.
77

±0
.0

9
2.

35
±0

.3
0.

35
±0

.3
0.

09
±0

.0
2

0.
08

±0
.0

2
1.

24
±0

.1
1.

24
±0

.2
4

14
.6

6±
2.

21
26

.0
7±

6.
55

1.
06

±0
.0

5

G
2

31
1.

5 
±1

9.
16

7.
97

±0
.8

3
1.

67
±0

.1
2.

04
±0

.2
8

0.
22

±0
.0

6
0.

05
±0

.0
1

0.
05

±0
.0

1
0.

98
±0

.1
1.

04
±0

.1
1

11
.7

8±
1.

87
21

.9
±1

.9
4

0.
94

±0
.0

6†

G
3

31
6.

75
 ±

35
.8

1
7.

71
±0

.6
1

1.
73

±0
.0

9
2.

21
±0

.4
2

0.
27

±0
.0

7
0.

06
±0

.0
2

0.
07

±0
.2

1.
05

±0
.2

2
1.

07
±2

.7
11

.7
±4

.4
3

24
.8

1±
0.

03
1.

02
±0

.0
4

G
4

32
6.

75
±3

1.
46

8.
11

±0
.4

7
1.

71
±0

.0
4

2.
23

±0
.1

6
0.

43
±0

.1
4

0.
07

±0
.0

2
0.

07
±0

.0
2

1.
15

±0
.1

1.
15

±0
.1

14
.2

±3
.7

25
.6

6±
5.

66
1.

01
±0

.0
4

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

34
3 

±3
3.

78
7.

57
±0

.2
7

1.
58

±0
.1

6
2.

34
±0

.3
3

0.
33

±0
.1

7
0.

07
±0

0.
07

±0
1.

23
±0

.1
5

1.
27

±0
.1

9
14

.1
9±

1.
81

24
.6

4±
4.

09
0.

91
±0

.0
6¥

G
6

33
8 

±4
.3

6
7.

83
±0

.2
7

1.
68

±0
.1

3
2.

34
±0

.2
3

0.
46

±0
.1

8
0.

07
±0

0.
06

±0
1.

07
±0

.1
1

1.
08

±0
.1

7
15

.2
5±

5.
21

26
.4

5±
8.

07
0.

9±
0.

13

G
7

29
9.

33
 ±

1.
15

7.
76

±0
.5

4
1.

41
±0

.1
7

2.
32

±0
.2

6
0.

48
±0

.2
5

0.
06

±0
.0

1
0.

05
±0

.0
1

1.
01

±0
.0

1
1.

05
±0

.0
3

11
.7

3±
2.

49
25

.2
6±

3.
16

0.
95

±0
.0

8

(C
on

tin
ue

d)

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                       

DovePress                                                                                                                       
4783

Dovepress                                                                                                                                                               An et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
10

 (
C

on
tin

ue
d)

. 

G
ro

up
s

A
bs

ol
ut

e 
O

rg
an

 W
ei

gh
t 

(g
) 

of
 F

em
al

e

E
ye

 R
To

ng
ue

T
hy

m
us

Sa
liv

ar
y 

G
la

nd
 L

Sa
liv

ar
y 

G
la

nd
 R

U
ri

na
ry

 
B

la
dd

er
O

va
ry

 L
O

va
ry

 R
C

er
vi

x 
an

d 
U

te
ru

s

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

1.
05

±0
.0

4
1.

11
±0

.4
8

0.
23

±0
.0

7
0.

24
±0

.0
7

0.
26

±0
.0

5
0.

44
±0

.1
2

0.
09

±0
.0

3
0.

11
±0

.0
5

0.
62

±0
.2

2

G
2

0.
98

±0
.0

3
0.

79
±0

.0
5

0.
24

±0
.1

2
0.

21
±0

.0
5

0.
2±

0.
05

0.
45

±0
.1

6
0.

06
±0

.0
1

0.
09

±0
.0

2
0.

5±
0.

19

G
3

0.
99

±0
.0

4
0.

89
±0

.1
9

0.
24

±0
.0

6
0.

19
±0

.0
4

0.
2±

0.
05

0.
38

±0
.0

7
0.

07
±0

.0
2

0.
06

±0
.0

2
0.

75
±0

.4
6

G
4

1.
02

±0
.0

7
0.

78
±0

.0
7

0.
14

±0
.0

7
0.

18
±0

.0
4

0.
21

±0
.0

9
0.

34
±0

.0
4

0.
11

±0
.0

6
0.

09
±0

.0
5

0.
51

±0
.0

6

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

0.
91

±0
.0

4
0.

78
±0

.0
2

0.
24

±0
.0

6
0.

15
±0

.0
3

0.
15

±0
.0

3¥
0.

4±
0.

08
0.

07
±0

.0
3

0.
08

±0
.0

4
0.

44
±0

G
6

0.
92

±0
.1

2
0.

74
±0

.1
4

0.
37

±0
.1

1
0.

11
±0

.0
4

0.
11

±0
.0

2
0.

31
±0

.0
6

0.
09

±0
.0

2
0.

07
±0

.0
3

0.
35

±0
.0

2

G
7

0.
94

±0
.0

4
0.

74
±0

.1
1

0.
41

 

±0
.0

32
‡

0.
11

±0
.0

1‡
0.

11
±0

.0
4

0.
37

±0
.1

3
0.

07
±0

.0
4

0.
08

±0
.0

3
0.

42
±0

.0
2

N
ot

es
: T

re
at

m
en

t g
ro

up
s 

[G
1:

 M
oc

k,
 G

2:
 P

P-
EV

 (1
3.

5 
X

 1
01

1)
, G

3:
 P

P-
P8

 (3
.3

75
 X

 1
01

1)
, G

4:
 P

P-
P8

 (1
3.

5X
 1

01
1)

]. 
R

ec
ov

er
y 

gr
ou

ps
 [G

5:
 M

oc
k,

 G
6:

 P
P-

P8
 (3

.3
75

 X
 1

01
1)

, G
7:

 P
P-

P8
 (1

3.
5X

 1
01

1)
]. 

† R
ep

re
se

nt
s 

a 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 

at
 p

<0
.5

 le
ve

l G
2-

4 
co

m
pa

re
d 

w
ith

 G
1.

 ¥
 R

ep
re

se
nt

s 
a 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 a
t p

<0
.5

 le
ve

l G
5 

co
m

pa
re

d 
w

ith
 G

1.
 ¶

R
ep

re
se

nt
s 

a 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t p
<0

.5
 le

ve
l G

6 
co

m
pa

re
d 

w
ith

 G
3.

 ‡ R
ep

re
se

nt
s 

a 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t p
<0

.5
 le

ve
l 

G
7 

co
m

pa
re

d 
w

ith
 G

4.

https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4784

An et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
11

 R
el

at
iv

e 
O

rg
an

 W
ei

gh
ts

G
ro

up
s

R
el

at
iv

e 
O

rg
an

 w
ei

gh
t 

(%
) 

of
 M

al
e

B
ra

in
Lu

ng
H

ea
rt

Sp
le

en
A

dr
en

al
 

G
la

nd
 L

A
dr

en
al

 
G

la
nd

 R
K

id
ne

y 
L

K
id

ne
y 

R
Li

ve
r 

an
d 

G
al

lb
la

dd
er

G
as

tr
oi

nt
es

ti
na

l
E

ye
 L

E
ye

 R

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

2.
24

±0
.0

6
0.

54
±0

.0
5

0.
86

±0
.0

6
0.

08
±0

0.
02

±0
0.

03
±0

.0
1

0.
33

±0
.0

3
0.

31
±0

.0
1

4.
06

±0
.6

7.
33

±1
.7

3
0.

3±
0

0.
29

±0
.0

2

G
2

2.
44

±0
.2

2
0.

51
±0

.0
5

0.
69

±0
.0

7†
0.

09
±0

.0
3

0.
01

±0
0.

01
±0

0.
26

±0
.0

3†
0.

29
±0

.0
2

3.
72

±0
.5

7.
98

±2
.0

7
0.

3±
0.

03
0.

3±
0.

02

G
3

2.
48

±0
.3

6
0.

58
±0

.0
9

0.
7±

0.
08

†
0.

1±
0.

05
0.

01
±0

0.
01

±0
0.

3±
0

0.
3±

0.
02

3.
03

±0
.2

4†
6.

73
±0

.9
0.

31
±0

.0
3

0.
31

±0
.0

3

G
4

2.
37

±0
.2

6
0.

51
±0

.0
2

0.
71

±0
.0

5†
0.

1±
0.

04
0.

01
±0

0.
01

±0
0.

28
±0

.0
4

0.
29

±0
.0

5
3.

3±
0.

28
6.

5±
1.

27
0.

3±
0.

02
0.

3±
0.

03

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

2.
64

±0
.2

2
0.

49
±0

0.
56

±0
.0

9¥
0.

07
±0

.0
1

0.
01

±0
0.

01
±0

0.
34

±0
.0

3
0.

34
±0

.0
2

3.
96

±0
.1

8
9.

45
±1

.7
0.

28
±0

0.
29

±0

G
6

2.
17

±0
.1

1
0.

48
±0

.0
4

0.
61

±0
.1

2
0.

05
±0

.0
1

0.
01

±0
0.

01
±0

0.
32

±0
.0

8
0.

32
±0

.0
8

3.
91

±0
.6

3¶
6.

9±
0.

42
0.

25
±0

.0
1¶

0.
27

±0
.0

1

G
7

2.
46

±0
.2

1
0.

46
±0

.0
7

0.
77

±0
.0

8
0.

08
±0

.0
1

0.
01

±0
0.

01
±0

0.
31

±0
.0

1
0.

3±
0.

01
3.

78
±0

.3
2

8.
56

±1
.2

7
0.

26
±0

.0
2

0.
27

±0
.0

3

G
ro

up
s

R
el

at
iv

e 
O

rg
an

 w
ei

gh
t 

(%
) 

of
 M

al
e

To
ng

ue
T

hy
m

us
Sa

liv
ar

y 
G

la
nd

 L
Sa

liv
ar

y 
G

la
nd

 R
U

ri
na

ry
 

B
la

dd
er

Te
st

is
 L

Te
st

is
 R

E
pi

di
dy

m
is

 L
E

pi
di

dy
m

is
 R

P
ro

st
at

e
Se

m
in

al
 

Ve
si

cl
e

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

0.
26

±0
.0

5
0.

07
±0

.0
3

0.
06

±0
0.

06
±0

.0
3

0.
11

±0
.0

3
0.

17
±0

.0
2

0.
19

±0
.0

3
0.

04
±0

0.
04

±0
.0

1
0.

08
±0

.0
2

0.
05

±0
.0

4

G
2

0.
25

±0
.0

5
0.

06
±0

.0
2

0.
05

±0
0.

05
±0

0.
11

±0
.0

2
0.

15
±0

.0
3

0.
16

±0
.0

4
0.

03
±0

0.
04

±0
.0

1
0.

07
±0

.0
2

0.
03

±0

G
3

0.
25

±0
.0

2
0.

06
±0

.0
2

0.
04

±0
.0

1
0.

05
±0

.0
1

0.
11

±0
.0

1
0.

17
±0

.0
1

0.
17

±0
.0

2
0.

03
±0

0.
03

±0
0.

07
±0

.0
1

0.
05

±0
.0

3

G
4

0.
27

±0
.0

9
0.

06
±0

.0
1

0.
04

±0
.0

1
0.

04
±0

.0
1

0.
09

±0
0.

19
±0

.0
1

0.
19

±0
.0

2
0.

03
±0

0.
04

±0
0.

08
±0

.0
1

0.
03

±0
.0

1

(C
on

tin
ue

d)

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                       

DovePress                                                                                                                       
4785

Dovepress                                                                                                                                                               An et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
11

 (
C

on
tin

ue
d)

. 

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

0.
21

±0
.0

3
0.

06
±0

.0
1

0.
03

±0
¥

0.
04

±0
.0

1
0.

08
±0

.0
4

0.
19

±0
.0

4
0.

18
±0

.0
4

0.
04

±0
.0

1
0.

04
±0

0.
08

±0
.0

1
0.

03
±0

G
6

0.
19

±0
¶

0.
07

±0
.0

1
0.

03
±0

.0
1

0.
03

±0
.0

1
0.

09
±0

.0
1

0.
17

±0
.0

1
0.

17
±0

0.
04

±0
.0

3
0.

04
±0

.0
3

0.
08

±0
.0

1
0.

04
±0

G
7

0.
24

±0
.0

4
0.

12
±0

.0
5

0.
04

±0
.0

1
0.

03
±0

0.
09

±0
0.

2±
0.

05
0.

22
±0

.0
5

0.
05

±0
.0

1‡
0.

04
±0

.0
1

0.
06

±0
.0

1
0.

04
±0

G
ro

up
s

R
el

at
iv

e 
O

rg
an

 w
ei

gh
t 

(%
) 

of
 F

em
al

e

B
ra

in
Lu

ng
H

ea
rt

Sp
le

en
A

dr
en

al
 

G
la

nd
 L

A
dr

en
al

 
G

la
nd

 R
K

id
ne

y 
L

K
id

ne
y 

R
Li

ve
r 

an
d 

G
al

lb
la

dd
er

G
as

tr
oi

nt
es

ti
na

l
E

ye
 L

E
ye

 R

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

2.
4±

0.
1

0.
56

±0
.0

2
0.

75
±0

.1
2

0.
11

±0
.1

0.
02

±0
0.

02
±0

.0
1

0.
39

±0
.0

3
0.

39
±0

.0
8

4.
65

±0
.5

6
8.

26
±1

.7
7

0.
34

±0
.0

2
0.

33
±0

.0
2

G
2

2.
57

±0
.3

6
0.

53
±0

.0
2

0.
65

±0
.1

0.
07

±0
.0

2
0.

01
±0

0.
01

±0
0.

31
±0

.0
3

0.
33

±0
.0

2
3.

81
±0

.7
5

7.
06

±0
.8

7
0.

3±
0.

03
0.

31
±0

.0
2

G
3

2.
47

±0
.4

6
0.

55
±0

.0
3

0.
69

±0
.0

9
0.

08
±0

.0
1

0.
02

±0
0.

02
±0

0.
33

±0
.0

2
0.

33
±0

.0
3

3.
67

±0
.5

8
7.

92
±1

.8
1

0.
32

±0
.0

4
0.

31
±0

.0
4

G
4

2.
51

±0
.4

0.
52

±0
.0

5
0.

68
±0

.0
3

0.
13

±0
.0

3
0.

02
±0

0.
02

±0
0.

35
±0

.0
7

0.
35

±0
.0

7
4.

46
±1

.6
8

7.
92

±1
.9

3
0.

31
±0

.0
3

0.
31

±0
.0

1

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

2.
22

±0
.2

8
0.

46
±0

.0
3¥

0.
68

±0
.0

8
0.

09
±0

.0
5

0.
02

±0
0.

02
±0

0.
35

±0
.0

2
0.

37
±0

.0
6

4.
13

±0
.1

7
7.

19
±1

.1
1

0.
26

±0
.0

2¥
0.

26
±0

.0
2¥

G
6

2.
31

±0
.0

9
0.

49
±0

.0
3

0.
69

±0
.0

6
0.

13
±0

.0
5

0.
02

±0
0.

02
±0

0.
31

±0
.0

3
0.

32
±0

.0
4

4.
5±

1.
5

7.
83

±2
.4

3
0.

26
±0

.0
3

0.
27

±0
.0

3

G
7

2.
59

±0
.1

7
0.

47
±0

.0
5

0.
77

±0
.0

8
0.

16
±0

.0
8

0.
02

±0
0.

01
±0

0.
33

±0
0.

35
±0

3.
92

±0
.8

2
8.

43
±1

.0
3

0.
31

±0
.0

3
0.

31
±0

.0
1

https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4786

An et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


G
ro

up
s

R
el

at
iv

e 
O

rg
an

 w
ei

gh
t 

(%
) 

of
 F

em
al

e

To
ng

ue
T

hy
m

us
Sa

liv
ar

y 
G

la
nd

 L
Sa

liv
ar

y 
G

la
nd

 R
U

ri
na

ry
 

B
la

dd
er

O
va

ry
 L

O
va

ry
 R

C
er

vi
x 

an
d 

U
te

ru
s

T
 

R
 

E
 

A
 

T
 

M
 

E
 

N
 

T

G
1

0.
35

±0
.1

6
0.

07
±0

.0
2

0.
07

±0
.0

2
0.

08
±0

.0
2

0.
14

±0
.0

4
0.

03
±0

.0
1

0.
03

±0
.0

1
0.

2±
0.

07

G
2

0.
25

±0
.0

2
0.

07
±0

.0
4

0.
06

±0
.0

2
0.

06
±0

.0
1

0.
14

±0
.0

6
0.

02
±0

0.
02

±0
0.

16
±0

.0
7

G
3

0.
28

±0
.0

6
0.

07
±0

.0
1

0.
05

±0
0.

06
±0

.0
1

0.
11

±0
.0

1
0.

02
±0

0.
02

±0
0.

22
±0

.1
1

G
4

0.
24

±0
.0

3
0.

04
±0

.0
2

0.
05

±0
.0

2
0.

06
±0

.0
3

0.
1±

0.
01

0.
03

±0
.0

1
0.

02
±0

.0
1

0.
15

±0
.0

1

R
 

E
 

C
 

O
 

V
 

E
 

R
 

Y

G
5

0.
23

±0
.0

2
0.

06
±0

.0
1

0.
04

±0
.0

1
0.

04
±0

.0
1¥

0.
11

±0
.0

2
0.

02
±0

.0
1

0.
02

±0
.0

1
0.

13
±0

.0
1

G
6

0.
21

±0
.0

3
0.

11
±0

.0
3

0.
03

±0
.0

1
0.

03
±0

0.
09

±0
.0

1
0.

02
±0

0.
02

±0
0.

1±
0

G
7

0.
24

±0
.0

3
0.

13
±0

.0
1‡

0.
03

±0
0.

03
±0

.0
1

0.
12

±0
.0

4
0.

02
±0

.0
1

0.
02

±0
.0

1
0.

14
±0

.0
1

N
ot

es
: † R

ep
re

se
nt

s 
a 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 a
t 

p<
0.

5 
le

ve
l G

2-
4 

co
m

pa
re

d 
w

ith
 G

1.
 ¥

R
ep

re
se

nt
s 

a 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t 
p<

0.
5 

le
ve

l G
5 

co
m

pa
re

d 
w

ith
 G

1.
 ¶

R
ep

re
se

nt
s 

a 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t 
p<

0.
5 

le
ve

l G
6 

co
m

pa
re

d 
w

ith
 G

3.
 

‡ R
ep

re
se

nt
s 

a 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 a

t 
p<

0.
5 

le
ve

l G
7 

co
m

pa
re

d 
w

ith
 G

4.

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                       

DovePress                                                                                                                       
4787

Dovepress                                                                                                                                                               An et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
12

 H
is

to
pa

th
ol

og
ic

al
 E

xa
m

in
at

io
n

H
is

to
pa

th
ol

og
ic

al
 E

xa
m

in
at

io
n

Se
x

M
al

e

O
rg

an
s

Fi
nd

in
gs

G
1

G
2

G
3

G
4

O
rg

an
s

Fi
nd

in
gs

G
5

G
6

G
7

M
am

m
ar

y 
G

la
nd

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, f

oc
al

, d
er

m
is

, 
M

in
im

al
0

0
1

0
M

am
m

ar
y 

G
la

nd
N

A
D

3
3

3

G
en

it
al

 S
ys

te
m

D
ila

ta
tio

n,
 a

ci
ni

, p
ro

st
at

e,
 M

od
er

at
e

0
0

0
1

G
en

it
al

 S
ys

te
m

N
A

D
3

3
3

U
ri

na
ry

 B
la

dd
er

N
A

D
4

4
4

4
U

ri
na

ry
 B

la
dd

er
N

A
D

3
3

3

M
es

en
te

ri
c 

Ly
m

ph
 

N
od

e
A

tr
op

hy
, l

ym
ph

oi
d 

ce
lls

, M
od

er
at

e
0

10
0

0
M

es
en

te
ri

c 
Ly

m
ph

 
N

od
e

A
tr

op
hy

, l
ym

ph
oi

d 
ce

lls
, M

od
er

at
e

1
1

1

C
on

ge
st

io
n,

 m
in

im
al

0
0

1

A
dr

en
al

 G
la

nd
H

em
at

op
oi

es
is

,
A

dr
en

al
 G

la
nd

Ex
tr

am
ed

ul
la

ry
 h

em
at

op
oi

es
is

M
in

im
al

1
1

0
0

M
ild

3
3

2
2

M
in

im
al

0
0

0

M
od

er
at

e
0

0
1

1
M

ild
3

3
3

Se
ve

re
0

0
1

1

C
yt

op
la

sm
ic

 v
ac

uo
la

tio
n

C
yt

op
la

sm
ic

 v
ac

uo
la

tio
n

M
in

im
al

1
1

2
M

in
im

al
3

1
3

0

M
ild

0
0

0

M
od

er
at

e
0

2
0

M
ild

0
1

0
1

M
od

er
at

e
1

0
1

2
Se

ve
re

1
0

1

Se
ve

re
0

1
0

1

Sp
le

en
Ex

tr
am

ed
ul

la
ry

 h
em

at
op

oi
es

is
, M

in
im

al
0

1
0

0
Sp

le
en

Ex
tr

am
ed

ul
la

ry
 h

em
at

op
oi

es
is

, M
in

im
al

0
0

1

https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4788

An et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Li
ve

r
Ex

tr
am

ed
ul

la
ry

 h
em

at
op

oi
es

is
Li

ve
r

Fa
tt

y 
ch

an
ge

, m
in

im
al

2
2

1

M
in

im
al

1
1

0
0

M
ild

0
0

1
0

Fa
tt

y 
ch

an
ge

M
in

im
al

2
3

3
0

M
ild

0
0

1
0

K
id

ne
y

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, f

oc
al

, i
nt

er
st

iti
um

, 

M
in

im
al

1
1

4
2

K
id

ne
y

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, f

oc
al

, i
nt

er
st

iti
um

M
in

im
al

0
2

1

M
ild

0
1

0

D
ila

ta
tio

n,
 t

ub
ul

e,
 M

in
im

al
0

1
0

0
D

ila
ta

tio
n,

 t
ub

ul
e,

 M
in

im
al

0
1

1

T
hy

ro
id

C
 c

el
l h

yp
er

pl
as

ia
 M

in
im

al
1

0
0

0
T

hy
ro

id
C

 c
el

l h
yp

er
pl

as
ia

 M
in

im
al

0
0

3

M
ild

0
0

1
0

Ec
to

pi
c 

th
ym

us
0

1
0

3
Ec

to
pi

c 
th

ym
us

0
0

1

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, m

ul
tif

oc
al

, 
in

te
rs

tit
iu

m
, S

ev
er

e
0

0
1

0

P
ar

at
hy

ro
id

Ec
to

pi
c 

th
ym

us
1

0
0

0
P

ar
at

hy
ro

id
N

A
D

3
3

3

E
so

ph
ag

us
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, m
ul

tif
oc

al
, 

su
bm

uc
os

a

0
0

0
1

E
so

ph
ag

us
N

A
D

3
3

3

Sa
liv

ar
y 

G
la

nd
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, m
ul

tif
oc

al
, 

in
te

rs
tit

iu
m

, M
ild

0
0

0
1

Sa
liv

ar
y 

G
la

nd
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, f
oc

al
, 

in
te

rs
tit

iu
m

, M
in

im
al

1
0

0

T
hy

m
us

N
A

D
4

4
4

4
T

hy
m

us
N

A
D

3
3

3

H
ea

rt
N

A
D

4
4

4
4

H
ea

rt
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, f
oc

al
, 

m
yo

ca
rd

iu
m

, M
in

im
al

0
0

1

Lu
ng

A
cc

um
ul

at
io

n,
 m

ac
ro

ph
ag

es
, d

iff
us

e,
 a

lv
eo

li,
 

M
in

im
al

0
0

1
0

Lu
ng

A
cc

um
ul

at
io

n,
 m

ac
ro

ph
ag

es
, d

iff
us

e,
 a

lv
eo

li,
 

M
in

im
al

0
1

1

E
ye

N
A

D
4

4
4

4
E

ye
N

A
D

3
3

3

(C
on

tin
ue

d)

Drug Design, Development and Therapy 2021:15                                                                             https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                       

DovePress                                                                                                                       
4789

Dovepress                                                                                                                                                               An et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
12

 (
C

on
tin

ue
d)

. 

H
is

to
pa

th
ol

og
ic

al
 E

xa
m

in
at

io
n

Se
x

M
al

e

O
rg

an
s

Fi
nd

in
gs

G
1

G
2

G
3

G
4

O
rg

an
s

Fi
nd

in
gs

G
5

G
6

G
7

To
ng

ue
N

A
D

4
4

4
4

To
ng

ue
N

A
D

3
3

3

Sk
el

et
al

 M
.

N
A

D
4

4
4

4
Sk

el
et

al
 M

.
N

A
D

3
3

3

Sc
ia

ti
c 

N
.

N
A

D
4

4
4

4
Sc

ia
ti

c 
N

.
N

A
D

3
3

3

P
an

cr
ea

s
N

A
D

4
4

4
4

P
an

cr
ea

s
N

A
D

3
3

3

D
uo

de
nu

m
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, m
uc

os
a

D
uo

de
nu

m
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, m
uc

os
a,

 M
in

im
al

1
0

1

M
in

im
al

0
0

1
0

D
ila

ta
tio

n,
 B

ru
nn

er
's 

gl
an

d,
 M

ild
2

0
0

M
od

er
at

e
0

1
0

0

Se
ve

re
1

0
0

0

D
ila

ta
tio

n,
 B

ru
nn

er
's 

gl
an

d,
 M

od
er

at
e

0
0

0
1

Je
ju

nu
m

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, m

uc
os

a,
 M

od
er

at
e

1
1

1
2

Je
ju

nu
m

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, m

uc
os

a

M
in

im
al

1
0

0

M
od

er
at

e
2

0
1

Ile
um

In
fil

tr
at

io
n,

 in
fla

m
m

at
or

y 
ce

lls
, m

uc
os

a
1

1
1

2
Ile

um
In

fil
tr

at
io

n,
 in

fla
m

m
at

or
y 

ce
lls

, m
uc

os
a,

 M
in

im
al

2
0

1

C
ol

on
N

A
D

4
4

4
4

C
ol

on
N

A
D

3
3

3

R
ec

tu
m

N
A

D
4

4
4

4
R

ec
tu

m
N

A
D

3
3

3

B
ra

in
N

A
D

4
4

4
4

B
ra

in
Pi

gm
en

ta
tio

n,
 m

en
in

ge
s

0
0

2

Sp
in

al
 C

or
d

N
A

D
4

4
4

4
Sp

in
al

 C
or

d
N

A
D

3
3

3

P
it

ui
ta

ry
 G

la
nd

N
A

D
4

4
4

4
P

it
ui

ta
ry

 G
la

nd
C

ys
ts

, p
ar

s 
di

st
al

is
0

1
0

Fi
br

os
is

, p
ar

s 
di

st
al

is
0

0
1

St
er

nu
m

N
A

D
4

4
4

4
St

er
nu

m
N

A
D

3
3

3

Fe
m

ur
N

A
D

4
4

4
4

Fe
m

ur
N

A
D

3
3

3

N
ot

es
: D

at
a 

w
er

e 
ex

pr
es

se
d 

as
 o

bs
er

ve
d 

N
o.

 T
re

at
m

en
t g

ro
up

s 
[G

1:
 M

oc
k,

 G
2:

 P
P-

EV
 (1

3.
5 

X
 1

011
), 

G
3:

 P
P-

P8
 (3

.3
75

 X
 1

011
), 

G
4:

 P
P-

P8
 (1

3.
5X

 1
011

)]
. R

ec
ov

er
y 

gr
ou

ps
 [G

5:
 M

oc
k,

 G
6:

 P
P-

P8
 (3

.3
75

 X
 1

011
), 

G
7:

 P
P-

P8
 (1

3.
5X

 1
011

)]
. 

A
bb

re
vi

at
io

n:
 N

A
D

, n
o 

ab
no

rm
al

ity
 d

et
ec

te
d.

https://doi.org/10.2147/DDDT.S319930                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4790

An et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


symptom may be dose–response related; therefore, it is 
judged by the influence of PP-P8 administration. 
However, this symptom was not observed in the 4 
week repeated oral toxicity study and 4 week recovery 
test using ICR mice, and we observed no other signifi-
cant changes in these animals. To verify the safety of 
PP-P8 using marmoset, which is close to human, we 
performed a 4 week repeated oral toxicity test and a 4 
week recovery test [KBIOHEALTH 2019–011-CS] in 
this species. This toxicity study was performed using 
32 marmosets, of which 18 marmosets were examined 
after 4 weeks of recovery following the 4 week 
repeated oral administration test. During the experi-
mental period, we evaluated food consumption, body 
weight, electrocardiography, PT, clinical signs, ophthal-
mic features, hematology, urine biochemistry, serum 
biochemistry, organ masses, mortality, and histopatho-
logical features to assess toxicity. During the test per-
iod, we observed no deaths or abnormal changes 
associated with PP-P8 administration.

ECG revealed significant left ventricular hypertrophy 
in one of eight animals in the maximum-dose PP-P8 group 
(G4) and a significant decrease in heart rate in two of eight 
animals in the 0.9% saline group (G1). However, we 
concluded that the decrease in heart rate was due to the 
ECG characteristics of small primates under anesthesia. 
Moreover, the ECG levels in other marmosets changed by 
<40%, and we observed no significant change before vs 
after PP-P8 administration.

The blood coagulation test revealed a significant 
decrease (0.76-fold) in PT and a mild increase (1.15- 
fold) in APTT in the 0.9% saline recovery group (G1). 
However, we concluded that this change was not due to 
PP-P8 administration, as it was observed only in one sex 
and the values were within the normal physiological 
range.51

Semi-quantitative urinalysis revealed proteinuria 
exceeding the normal range in several marmosets 
throughout the entire experimental period. However, 
comparison between pre- and post-treated animals indi-
cated that this symptom was not related to PP-P8 
administration. Monkeys have a wider normal range of 
proteinuria (0–179 mg/dl) than humans (<16 mg/dl);52 

in addition, gross lesions were observed only in one sex, 
and we observed no dose–response relationship. 
Therefore, based on individual weight, frequency, and 
degree of incidence, we concluded that this symptom 
was unrelated to PP-P8 administration. A weight 

increase in the right adrenal gland and gross lesions 
were observed in one animal of the low-dose PP-P8 
group, and histopathological examination revealed bilat-
eral mild extramedullary hematopoiesis and vacuolation 
of the cytoplasm in the adrenal cortex and medulla. 
However, these mild lesions occur naturally in marmo-
set monkeys, and it shows a mild degree even compared 
to other experimental groups. Therefore, we concluded 
that these findings were unrelated to PP-P8 
administration.

Statistically significant changes in other organ weights 
did not exhibit a dose–response relationship, but rather 
appeared sporadically throughout the study. 
Consequently, there was judged not to be pathological 
findings by combining individual weight and pathological 
findings.

Histopathological observation revealed intussuscep-
tion in one male in the low-dose PP-P8 group (G3) 
and one animal each in the 0.9% saline (G1) and low- 
dose PP-P8 recovery groups (G6). In addition, we 
observed inflammation in the small intestine in one 
male and one female in the low-dose PP-P8 group 
(G3), and one female in the maximum-dose PP-P8 
group (G4). Spontaneous gastroenteritis can be observed 
in marmosets,44 implying that these lesions may not lead 
pathological changes. Because this change was observed 
in only one sex and was not present in the high-con-
centration group, we concluded that it was not related to 
PP-P8 administration. The symptoms frequently 
observed by histopathology, including extramedullary 
hematopoiesis, infiltration of inflammatory cells, and 
fatty degeneration of the liver, are naturally occurring 
lesions in marmosets.46–48 Other lesions were also 
sporadic, irrespective of PP-P8 dosage.

In conclusion, we determined that these findings were 
unrelated to PP-P8 administration. Because we observed 
no severe symptoms or observed them in only one sex 
group of the mouse model. Furthermore, to investigate the 
toxicity of PP-P8 oral administration in a nonclinical 
model close to that of human, we performed repeated 
oral administration of PP-P8 for 4 weeks at doses of 
3.375×1011 and 13.5×1011 CFU/kg in the marmoset, a 
small primate. The results of the study revealed no toxic 
changes related to PP-P8 administration in any experimen-
tal group. The No Observed Adverse Effect Level 
(NOAEL) for PP-P8 in this study was 13.5×1011 CFU/kg 
for both male and female marmosets. As a future study, we 
intend to submit a new drug (IND) application to the 
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Korea Ministry of Food and Drug Safety (MFDS) with the 
aim o performing a clinical PP-P8 trial. The toxicity data 
reported in his study will provide valuable data for the 
safety certification of probiotics based on a drug delivery 
system, because PP-P8 is the first agent to be used for anti- 
cancer drug development.
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