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a b s t r a c t

Intravenous (IV) infusion of mesenchymal stem cells (MSCs) from nascent tissues like Wharton's Jelly of
the umbilical cord is reported to offer therapeutic effects against chronic diseases. However, toxicological
data essential for the clinical application of these cells are limited. Thus, this study aimed to determine
the safety of IV infusion of Wharton's Jelly derived MSCs (WJ-MSCs) in rats. Fifteen male Sprague
eDawley rats were randomised into the control or treatment group. Each group received an equal
volume of saline or WJ-MSC (10 � 106 cell/kg) respectively. The animals were evaluated for physical,
biochemical and haematological changes at Week 0, 2, 4, 8 and 12 during the 12-week study. Acute
toxicity was performed during Week 2 and sub-chronic toxicity during Week 12. At the end of the study,
the relative weight of organs was calculated and histology was performed for lung, liver, spleen and
kidney. The findings from physical, serum biochemistry and complete blood count demonstrated no
statistically significant differences between groups. However, pathological evaluation reported minor
inflammation in the lungs for all groups, but visible healing and resolution of inflammation were
observed in the treatment group only. Additionally, the histological images of the treatment group had
significantly improved pulmonary structures compared to the control group. In summary, the IV
administration of WJ-MSC was safe in the rats. Further studies are needed to determine the long-term
safety of the WJ-MSC in both healthy and diseased animal models.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Mesenchymal stem cells (MSCs) have been investigated exten-
sively for their roles in tissue regeneration and response to inflam-
mation since the ‘stemness’ of MSC was comparable to human
kanathan).
se Society for Regenerative

ative Medicine. Production and ho
embryonic stem cells (ESCs) [1]. Standardized by the International
Society for Cellular Therapy (ISCT), these cells are identified from
their expression of positive markers, CD73, CD90 and CD105, and
negative markers, CD11b or CD14, CD19 or CD79a, CD34, CD45 and
HLA-DR [2]. The cells must also be able to differentiate into the triad
of cell lineages, i.e., osteocyte, chondrocyte and adipocyte [3]. MSC
naturally select its differentiation pattern in response to direct cell-
to-cell interaction or paracrine signaling from adjacent cells. They
also secrete functional metabolites that participate in tissue regen-
eration, angiogenesis, immunoregulation, anti-fibrotic and pro-
grammed cell death. Several tissues were found to have a larger
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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constitution of these cells, namely, the bone marrow, adipose tissue
and umbilical cord [4e6].

MSC has already been credited for treating many chronic dis-
eases, such as stroke, myocardial infarction, pulmonary artery hy-
pertension, spinal cord injury and diabetes [4,7e9]. MSC infusion
corrected hyperglycemia and hypoinsulinemia in the diabetic ro-
dent model by differentiating into islet beta cells, subsequently
improved insulin secretion [7]. Safety and functionality of WJ-MSC
using bacterial sepsis mice model showed strong clearance of
bacteria and a lower mortality rate compared to untreated mice
[10]. In addition, MSC therapy has also been used on neonatal
diseases, such as necrotizing enterocolitis, intraventricular hem-
orrhage and bronchopulmonary dysplasia [4]. Clinical trials using
allogeneic MSCs showed equally restoration of impaired cardiac
and pulmonary functions occurred with a low risk of arrhythmia
[8,9]. Despite the increase in MSC applications, the safety of cell
therapy remains debatable due to infrequent safety analysis and
the lack of comprehensive tests.

One of the safety challenges is the stability of MSCs in large-
scale production to fulfil clinical demand [5,11]. In 2009, Pal et al.
[12] performed upscaling of MSC production in different culture
mediums up to 25 passages and found minute variations during
characterisation, population doubling time and differentiation po-
tential at every 5th passage. Another issue of standardisation is the
variations inMSCs from different sources. For example, theWJ-MSC
was found to have a unique affinity for age-independent prolifer-
ation compared to BM-MSC [13,14]. The long-term storage of these
cells through biobanking had minimal to no significant changes in
secretion of growth factors, differentiation potential and surface
markers after revival [15,16]. Cooper and Viswanathan (2011) re-
ported that the revived Wharton's Jelly UC-MSC remained viable
even after cryopreservation for 3 years [17]. All the MSC from five
cords sustained cell viability above 95% from the initial culture and
expressed markers of CD73 and CD105 consistently at 98%. In their
clinical trial, the UC-MSC infused was safe and had corrected the
perfusion defects from patients undergoing coronary bypass sur-
gery [18].

Despite decades establishing the low immunogenicity and ma-
lignancy of MSC-based treatment, cases of adverse reaction have
been reported [11,19e21]. MSCs do not express MHC-I surface
protein [22] which allows the cells to safely migrate to the site of
inflammation. However, the subsequent differentiation and the
expression of MHC-I and MHC-II surface protein could lead to the
possible eradication of these cells [21]. Additionally, MSCs share
similar hallmarks and behaviors with cancer cells [1,15]. Both cells
express prolonged lifespan, high proliferative capacity and resis-
tance to apoptosis. These overlapping bio-characteristics are
regulated by the same machinery, prompting concerns for cellular
instability [23,24]. Rosland et al., 2009 [25] shared from their ex-
vivo expansion of human BM-MSCs were prone to malignant
transformation and had found that approximately 45.8% were
affected during a study period of 106 weeks. Although this spon-
taneous transformation was caused by cross-contamination, the
susceptibility of MSCs demands for a more stringent cultivation
method. For example, incorporation of cell validation techniques
would help to eliminate or minimize the tumorigenic and cellular
impurities from the undifferentiated MSCs [26e28].

The objective of this study was to determine the safety of WJ-
MSC administered through IV injection in rats. We hypothesise
that the slow infusion of WJ-MSC by systemic route will have no
significant impact on the physical, biochemical, haematology and
histopathology of the animal model. Through this study, we verify
the safety of this cell therapy to allow further progress into the
potential treatment of chronic diseases. Eventually, this cell therapy
is intended to serve as an alternative or substitution of traditional
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medicine, which relies on chemical drugs that carry known side
effects.

2. Materials and methods

2.1. Research and animal ethics

The study protocol was approved by the Universiti Kebangsaan
Malaysia Research Ethics Committee (JEP-2020-790) and the Ani-
mal Ethics Committee of the Faculty of Medicine, Universiti
Kebangsaan Malaysia (TEC/FP/2020/YOGESWARAN/23-SEPT./1124-
OCT.-2020-SEPT-2023).

2.2. Animals

Fifteen male Sprague Dawley rats at 12 weeks old weighing
~300 g were obtained from iPharm, National Institute of Biotech-
nology Malaysia (Penang, Malaysia). Rats were housed individually
in ventilated polycarbonate cages (Allentown Inc., United States) at
room temperature of 22 �C with a 12-h light 12-h dark cycle and
acclimatised for two weeks prior to the experiment. The animals
were fed with standard lab chow (Altromin 1314) (Lage, Germany)
and autoclaved tap water ad libitum.

2.3. Animal treatment

Animals were randomly divided into two groups. The control
group (n ¼ 6) received saline and the treatment group (n ¼ 9)
received a high dose WJ-MSC (10 � 106 cells/kg body weight)
suspended in saline (0.5 mL) via IV injection of the lateral tail vein
once at the beginning of the study. Anaesthesia was performed via
intraperitoneal (i.p.) injection of ketamine-xylazine cocktail (ratio
1:10) at 1 mL/kg (Troy Laboratories, Australia). The animals were
observed and evaluated for a study period of 12 weeks. During the
study period, physical measurement was recorded with minimal
restrain. The fasting blood samples were collected from the peri-
orbital sinus under anaesthesia (K-X cocktail, 1 mL/kg, i.p. route).
The blood was analysed to determine complete blood count and
serum biochemistry. These parameters were recorded at Week 0, 2,
4, 8 and 12. At Week 2, three animals were randomly selected from
the treatment group to determine the acute toxicity of WJ-MSC
infusion. Animals were sacrificed by pentobarbital sodium (Veto-
quinol, France) overdose via i.p. route. Necropsy and harvest of
organs were performed for each animal. The remaining animals
were evaluated for sub-chronic toxicity at the end of 12 weeks.

2.4. Wharton's Jelly MSC protocol

The human umbilical cord-derived Wharton's Jelly mesen-
chymal stem cells (WJ-MSCs) Passage 5 was used for this study
under the approval of Human Primary Cell Banking (UKM 1.5.3.5/
244/FF-2015-376), Centre for Tissue Engineering and Regenerative
Medicine (CTERM), Universiti KebangsaanMalaysiaMedical Centre.
The isolation, characterisation and culture of WJ-MSCs were
established is previous studies [29]. A general instruction and re-
sults for the WJ-MSC used in this study is provided below while
preparation of the manuscript is in progress.

2.4.1. Isolation and culture of WJ-MSC
The umbilical cord was procured with consent from maternal

volunteers via elective caesarean section at Universiti Kebangsaan
Malaysia Medical Centre. After collection, the umbilical cord was
transferred in sterile conditions to the laboratory. The local arteries
and veins were carefully excised and the remaining white paren-
chyma was shredded into thin strips (0.5e1.0 mm2). The tissue was
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digested in 0.6% Collagenase Type 1 (SigmaeAldrich, Germany) and
incubated in a 37 �C shaker incubator for 1e2 h. Complete medium
of Dulbecco's Modified Eagle Medium-Low Glucose (Gibco, Ger-
many) and 10% human platelet lysate (HPL) (prepared in-house)
were added in equal volume to neutralise the collagenase activity.
HPL was prepared using expired platelet concentrates as described
previously [30e32]. Following centrifugation at 5000 rpm for
5 min, the supernatant was discarded and resuspended in a com-
plete medium. The cells were seeded at an initial density of
3000 cells/cm2 and maintained in a 37 �C incubator with 5% CO2.
The media changewas performed after the first 24 h and thereafter,
every three days. At 90% confluency, the cells were harvested by
0.05% Trypsin-Ethylene Diamine Tetra Acetic acid (Gibco, Germany)
and subcultured. By passage 5, the cells were enumerated and
cryopreserved at 2 million cells per cryovial.

2.4.2. Characterisation of WJ-MSC
The WJ-MSCs were identified by high expression of positive

markers (CD44, CD73, CD90 and CD105) and low expression of
negative markers (CD11b, CD19, CD34, CD45 and HLA-DR) using
Human MSC Analysis Kit (BD Biosciences, United States) following
the manufacturer's protocols. Trilineage differentiation of WJ-MSC
for osteogenesis, adipogenesis and chondrogenesis was confirmed
using StemPro™ [Osteogenesis/Chondrogenesis/Adipogenesis]
Differentiation Kit (Gibco, Germany) following manufacturer's
protocol. The WJ-MSCs achieved a >98% viability rate and a pop-
ulation doubling time of approximately 24 h. Furthermore, the
immunosuppression assay conducted had shown the suppression
of the co-cultured PBMCs by the WJ-MSC [33]. The tumorigenic
potential was determined by cell cycle assay via BD Cycletest Plus
DNA Kit (BD Biosciences, United States) following manufacturers
protocol and tested in-vivo via subcutaneous injection in mice.
There were no significant tumorigenicity reported.

2.4.3. Preparation of cell suspensions for transplantation
The WJ-MSC was thawed from cryo-storage and added with a

completemedium.WJ-MSCwas allowed to adhere to flasks for 24 h
prior to infusion. The cells were enumerated and suspended in
0.5 mL of 0.9% saline (Ain Medicare Sdn. Bhd., Malaysia) at a con-
centration of 10� 106 cells/kg body weight for IV injection. TheWJ-
MSC dosagewas estimated using the human equivalence dose, HED
(mg/kg) ¼ Animal NOAEL (mg/kg) x (weightanimal [kg]/(weighthu-
man [kg]) (1-0.67) adopted from Nair and Jacob (2016) [34]. The HED
was selected from a clinical trial at 1 � 108 total cells [35] and the
translated dose (10 � 106 cells/kg body weight in rodents) in pre-
clinical studies [36,37] that were effective as treatment.

2.5. Observed parameters for animal study

2.5.1. Physical observation
The animals were restrained and measured weekly for body

weight, body length (nose to anus) and abdominal circumference.
Body mass index (BMI) was calculated by the ratio of body weight
to body length (squared). Food was measured by weight (g)
consumed per week. Water intake was calculated as the volume
(mL) consumed per week from the weight (g) change of the bottled
water.

2.5.2. Blood analysis
Rodents were bled at periods of Week 0, 2, 4, 8 and 12 from the

tail vein under anaesthesia using K-X cocktail via i.p. route. Blood
was collected in clot-activator tubes (BD Biosciences, United
States), allowed to clot at room temperature and centrifuged at
3000 rpm for 10 min to obtain serum. Complete blood count and
biochemistry analysis were performed at Haematology Laboratory
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in Veterinary Laboratory Service Unit (VLSU), Universiti Putra
Malaysia. The complete blood count consisted of red blood cell
(RBC), hemoglobin (Hb), packed cell volume (PCV), mean corpus-
cular volume (MCV), mean corpuscular hemoglobin concentration
(MCHC), white blood cell (WBC); neutrophil differential count
(Band N), neutrophil count (NEUTRO), lymphocyte count (LYMPH),
monocyte count (MONO), eosinophil count (EOSIN), basophil count
(BASO) and platelet count (PLT). The blood biochemistry test con-
sisted of alkaline phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), cholesterol (CHOL), amylase
(AMY), creatinine (CREAT) and lactate acid dehydrogenase (LDH).

2.5.3. Necropsy
The major metabolic organs harvested were the lungs, liver,

spleen and kidneys. Other organs, such as the heart, gut, bone
(femur), and muscle (biceps femoris), were included to identify any
adverse effects previously unreported for the WJ-MSC therapy. The
pathological evaluation was conducted and the relative weight of
organs was calculated as the percentage (% of body weight) by
dividing organ weight with body weight and multiplied by 100.

2.5.4. Histological analysis
The organs were preserved in 4% paraformaldehyde solution

before being embedded in paraffin. Sections were cut with a
microtome, deparaffined with xylene and stained with haematox-
ylin and eosin staining. The stained section was observed under a
light microscope to check for pathological changes by a blinded
histopathologist. The pathological conditions were scored as
healthy, minor, moderate or severely affected.

2.6. Statistical analysis

Statistical analysis was performed using GraphPad Prism
version 8.4.3 (GraphPad Software, California, USA). All quantitative
variables were presented as mean ± standard error mean (SEM).
Comparisons between treatment and control groups for physical
measurement, serum biochemistry and whole blood profile test
were conducted throughmixed-effects repeatedmeasures Analysis
of Variance (ANOVA) with Geisser-Greenhouse correction. The
time-point pairwise intergroup analysis was calculated using
Sidak's post-hoc test, while the intra-group analysis used Tukey's
post-hoc test. Themultiple comparisons were indicated by the least
significant difference when there was a significant difference be-
tween both groups. The end-point comparison (i.e., the relative
weight of organs) was calculated using independent t-test. A dif-
ference at p < 0.05 was considered statistically significant.

3. Results

3.1. WJ-MSCs do not exert adverse effects in rats

Body weight, body length, abdominal circumference, food
intake, water intake and BMI levels were not statistically signifi-
cantly different between the control and treatment groups
throughout the study in Fig.1 (A). The body weight and body length
of the control group increased (p < 0.05) beginning from Week 8
and Week 4, respectively, compared to the baseline value. The
treatment group experienced increased body length from Week
8e12 (p < 0.05). The resulting value of BMI decreased significantly
in both groups during Week 8 and 12 (p < 0.05). Food intake
showed a trend of reduction throughout the study, but it was only
statistically significant during Week 8 and 12 in both groups
(p < 0.05). Conversely, water intake had a decreasing trend
(p < 0.05) fromWeek 2 and remained constant until the end of the
study.



Fig. 1. (from left to right) [A] Physical measurements of Body Weight, Body Length, Abdominal Circumference, Food Intake, Water Intake and BMI. [B] Serum biochemistry of ALP,
AST, ALT, CHOL, AMY, CREAT and LDH. [C] Whole blood profile of RBC, Hb, MCV, MCHC, PCV, WBC, BAND N, NEUTRO, LYMPH, MONO, EOSIN and PLT. Data was presented as
mean ± SEM (n ¼ 6 rodent per group) for the control and treatment group for a study period 0, 2, 4, 8 and 12 weeks. Superscripts indicate significant differences of data: *p < 0.05 to
earliest or baseline value; # (p < 0.05) between groups at the same time period.
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Similar to the physical parameters, serum chemistry in Fig. 1 (B)
of ALP, AST, ALT, CHOL, AMY, CREAT and LDH did not reveal a sta-
tistically significant difference between the control and treatment
groups throughout the study (p < 0.05. In both groups, ALP
decreased significantly (p < 0.05) from Week 2 to Week 8 but
increased again byWeek 12. AMY decreased significantly (p < 0.05)
for the treatment group at Week 4 but increased significantly
(p < 0.05) for the control group at Week 12 compared to the
baseline. Lastly, LDH was showed a significant decrease (p < 0.05)
for both groups at Week 4 and 8 followed by a significant increase
(p < 0.05) at Week 12.

For complete blood count in Fig.1 (C), RBC, Hb, PCV, MCV,MCHC,
WBC, BAND N, NEUTRO, LYMPH, MONO, EOSIN and PLT did not
show statistically significant differences between the control and
treatment groups. Within-group comparison showed increased
MCV (p < 0.05) at Week 12; decreased MCHC (p < 0.05) at Week 12
and increased PCV (p < 0.05) at Week 8 and 12 compared to the
previous weeks in the control groups. Meanwhile, the treatment
group showed increased RBC (p < 0.05) at Week 2; decreased Hb
(p < 0.05) at Week 2 and 8; increased MCV (p < 0.05) at Week 12;
decreased MCHC (p < 0.05) at Week 2, 8 and 12; and increased PCV
(p < 0.05) at Week 12 compared to the previous week. The BASO
count was not plotted because it was below the detection limit.

3.2. The relative weight of organs was unaffected but
histopathology of lungs improved after WJ-MSC administration over
time

At the end of the study, the relative weight of the harvested
organs of the treatment group was not significantly different
161
compared to the control group as shown in Fig. 2 (A). However,
the results of the histopathology had stark comparisons
compared to the former parameters. In Fig. 2 (B), the bronchiole
region in the lungs (left image) for the control group at Week 12
showed ciliated epithelial cell shrinkage, structural loss of
pseudostratified epithelial layer and localized hemorrhage. Signs
of deterioration were observed in the alveolar region (right im-
age), which had collapsed, forming large masses of tissue. In both
regions, a darker contrast of nucleic mass (mononuclear cells)
had en masse around the bronchiole, invaded the blood vessel
endothelium and occupied the alveolar space. By Week 2, the
treatment group showed a reduction in mononuclear cell activ-
ities, allowing the regeneration of the bronchial structure.
Additionally, the alveolar region appeared to be more defined in
the treatment group compared to the control. At Week 12, the
bronchiole and alveoli of the treatment group were found in a
convalescent state as the walls of the bronchiole and blood
vessels were denser and the concentration of mononuclear cells
in the lungs had significantly reduced. The liver was found un-
affected by the treatment of MSCs. All groups maintained their
structural integrity with identifiable key components, such as the
central vein of the centrilobular structure (left image) and peri-
portal triad (right image). The kidneys appeared to be normal for
both groups. The cortical region (left image) and glomerulus
(right image) were consistent and identified easily. Lastly, the
spleens also appeared normal. The white pulp (left image)
maintained an oval-like circumference with a clear depiction of
the three layers; germinal, mantle and marginal zones. The
splenic follicle (right image) was made of central white pulp with
the surrounding parenchyma of the red pulp.



Fig. 2. Post-mortem assessment of control and treatment animals after euthanasia (from left to right). [A] Relative weight of lungs, liver, kidneys, spleen, bone, heart, muscle and
gut; Data was presented as mean ± SEM. Superscripts indicate significant differences of data: *p < 0.05 between groups. [B] H&E-stained lung, liver, kidney and spleen for control
(Week 12) and treatment group for acute toxicity (Week 2) and sub-chronic toxicity (Week 12). Black arrows indicate the specific region for lung pathological condition. Images
were captured at magnification of 10x or 40x with scale bar, 100 mm.
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3.3. The mortality and morbidity of IV administration of WJ-MSC in
rats were not significant

Generally, the physical and behavioral assessment of rodents did
not present any significant outcomes throughout the study as
shown in Table 1. However, a single rodent from the control group
was euthanised by pentobarbital overdose (i.p. route) per the
veterinarian consultation at Week 11. Two days prior, the rat had
abnormally halted food and water intake, which prompted further
observation. The rat displayed signs of weight loss, hyperventila-
tion, lethargic movement, poor response to stimulus, and arched
posterior. Since minor inflammation of the lungs was observed
from acute toxicity during Week 2 for all rats (n ¼ 3), this response
was taken to avoid the spread of a potential infection. The carcass
was preserved in �20 �C freezer for the subsequent necropsy by a
veterinarian. Post-mortem evaluation of that individual animal
reported severely inflamed lungs, hypertrophied heart, hypertro-
phied and degenerated liver, enlarged mesenteric lymph nodes and
pooled blood in the lower abdomen from suspected hemorrhaged
colon and urinary tract. The exact cause of death of the rat could not
be determined but was deduced to be unrelated to the treatment
given. The remaining rats did not show any signs of morbidity or
mortality until the end of the study.
162
4. Discussion

Wharton's Jelly of the umbilical cord, previously deemed a med-
ical waste of newborn deliveries, is becoming a preferred source of
MSCs [38e40]. Since the discovery ofWJ-MSC by Friedenstein (1996)
[41], repurposing the cord for tissue engineering and regenerative
medicine has become a unique research interest. The Malaysia Na-
tional Healthcare Establishments and Workforce Survey [42] re-
ported a total of 487,957 deliveries within 2019. This supersedes the
concern for the scarcity ofMSCs and long intervals between available
tissue samples, which are a present challenge for bone marrow and
adipose tissue. Since many factors influence the efficacy of WJ-MSC
therapy, such as the donor's age, family history of diseases, lifestyle
choices and more, we conducted a toxicology study of WJ-MSCs
following the guidelines of 'The Joint Scientific Committee for Inter-
national Harmonization of Clinical Pathology Testing [43].

Our study revealed that WJ-MSC did not cause any adverse
changes to the physical outcomes of the rats. Body weight and body
length were indicators of the growth pattern of the rats. Abnormal
growth patterns have been associated with the disruption in the
growth hormone cycle and tumorigenicity [11,19,20]. Throughout
this study, the growth rate of rats was similar between control and
treatment groups, implying negligible effects of WJ-MSC towards
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growth functions. Our results aligned with the previously estab-
lished safety of human MSC in rodent models. Aithal et al. (2017)
reported no significant effect in their safety assessment of intra-
venous MSC therapy in Wistar rats [36]. They concluded their re-
sults with no alterations in the feeding behaviour of the animals
and body weight. However, they noticed the intra-group differ-
ences (p > 0.01) of the body weight at the end of the study
compared to the beginning, which closely matches our findings.
Secondly, complete blood count and serum biochemical analysis
also did not report significant differences between each group
despite the fluctuating results in several tests. Vital functions such
as the oxygen-carrying capacity, immunoreactivity and clot func-
tions were unaffected by the infusion of WJ-MSC. Zhao et al. (2019)
designed a wide comprehensive array of safety parameters using
rodent (mouse, rat), leporid (rabbit), canine (beagles), and rhesus
(monkey) models [44]. Their study showed that human gingiva-
derived MSC (GMSC) transplantation did not induce any signifi-
cant outcomes in the biochemistry, hematology and histopathology
in the treated animals. Moreover, further studies on two autoim-
mune disease models reported similar outcomes to the healthy
rodents. Thus, ensuring that the intended effects from cell therapy
did not elicit an adverse effect due to the unfavorable microenvi-
ronment of chronic diseases.

The health status of the rats can be assessed through various
signs such as fluctuation in weight loss, hyperventilation, lethargic
movement, poor response to stimulus, arched posterior, stress-
induced nose bleeds, and more [45e48]. This is a crucial assess-
ment since stem cell therapy has been associated with transient
fever, nausea and loss of appetite in humans [49,50]. In a pilot
clinical study, Liu et al. (2014) reported that patients receiving
intravenous WJ-MSC showed reduced diabetic complications [51].
However, minor incidences of mild to moderate fever recovered
spontaneously and nauseawith vomiting subsided within theweek
were reported. In their subsequent clinical trial, similar results
were observed without any acute or chronic adverse effects [52]. In
the multi-species safety study established by Zhao et al., 2019, they
reported no significant effects among the various doses of BM-MSC
and in either healthy or diseased animal models [44]. In spite of the
conflicting reports, our study found that the wellbeing and mor-
tality of animals were unaffected by the WJ-MSC infusion.

Histological examination of metabolic organs, such as the liver,
kidney and spleen, was carried out and did not reveal any signifi-
cant alterations. While only a handful of studies incorporate the
observation of multiple organs, most practice one or two target
organs to track the disease progression [53,54]. We performed the
necropsy on the major metabolic organs including several acces-
sory organs, followed up with histopathology of the metabolic or-
gans only. Thus, strengthening the safety assessment and ensuring
a significant coverage of potential novel effects from the adminis-
tered WJ-MSC. From our results, we confirmed our hypothesis that
the transplanted cells had no effect on the liver, spleen and kidney
[44].

Surprisingly, necropsy reported all rodents with signs of minor
inflammation and pulmonary blebs in the lungs. Regrettably, we
did not incorporate any specific biochemical markers to monitor
the minor inflammation upon identifying lung injury in the rats
sacrificed during Week 2. Hence, the source for the pulmonary
damage could not be determined. The lungs of the control group
animals were suspected for the onset of bronchopneumonia
[55,56]. Hence, increased activity of pulmonary lymphocytes was
suspected to result in the lesion of pulmonary interstitium as well
as rupture of local blood vessels. It was worth noting that the
treatment group had significant improvements in the lungs as
compared to the control. These rats had visible tissue resolution,
indicative of the healing process and lesser pulmonary blebs.
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However, the inference that WJ-MSC improved the pulmonary
conditions was inconclusive as not all rats from the treatment
group made a similar recovery.

In spite of that, this unexpected event presented an opportunity
to evaluate the potential of WJ-MSC in reversing respiratory dam-
age. The histology of organs was conducted to probe deeper and to
visualise the degree of cellular damage and the subsequent recov-
ery from infused WJ-MSC [57]. We report that the treatment group
during acute and chronic toxicity had successfully recovered its
pulmonary structures compared to the control group. The alveolus
was regenerated as pictured by the thin connective tissue of Type 1
pneumocytes. These improvements could be contributed by the
immunomodulatory and regenerative effects of WJ-MSC for mild
bronchopneumonia. Previous studies on MSCs in murine and lep-
orid models showed significant immunomodulatory effects of the
cells by suppressing pro-inflammatory cytokines, marked by a
significant decrease of plasma IFN-g, IL-6, IL-8, IL-17, CRP and TNF-a
[56,58e60]. It is speculated that such improvement will be of
therapeutic interest inmanaging acute respiratory syndrome (ARS),
a fatal cause amongst severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) patients [61]. The current medication used to
treat this disease had often led to irreversible damage to the lungs
[62].

There were several limitations while conducting this study. A
significant delay occurred between whole blood collection and
haematological analysis. Some samples have issues of haemolysis
and might affect the reading of serum biochemical analysis. Addi-
tionally, the occurrence of the lung infection was neither inten-
tionally induced nor predicted to happen and the exact cause could
not be determined. Fortunately, the veterinarian assessment
deduced that the pulmonary conditions were minor and unrelated
to the treatment, thus it did not impede the progress of the study.
5. Conclusion

In conclusion, administration of WJ-MSC through the IV route
was safe, without causing any marked changes in physical, hae-
matological, biochemical and histological changes in the treated
rats. The WJ-MSC could improve lung recovery following an in-
flammatory event of unknown cause, probably through its immu-
nomodulatory and regenerative properties. Further studies should
be conducted to assess the health beneficial effects of systemic
infusion of WJ-MSCs in appropriate disease models.
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