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A Safety Evaluation of Intravenous Administration of ex vivo Expanded Human 
Peripheral Blood-Derived NK Cells: A Preclinical Study

(Penilaian Keselamatan Pentadbiran ex vivo Sel NK Darah Janaan Periferi Manusia yang Dikembangkan secara 
Intravena: Kajian Praklinikal)

SELLAMUTHU SUBBANNA GOUNDER, BASKAR SUBRAMANI*, NUR EZZATI IZYAN BINTI MOHD RADZUAN,  
NURHIDAYAH BT MOHAMAD SAIT, FARAH DALILA BINTI MOHD ZAIN & BASRI JOHAN JEET ABDULLAH

ABSTRACT

The use of natural killer (NK) cells in the treatment of various cancers is emerging as a promising approach in adoptive 
immunotherapy. However, the safety of ex vivo activated and expanded cells in in vivo conditions remain unknown. In 
this study, the toxicity of NK cells was evaluated at different doses, with 5 × 106, 20 × 106 and 50 × 106 cells injected 
intravenously into pre-irradiated (30Gy) immunodeficient mice twice a week for three weeks and the mice were followed-
up on for 90 days. Throughout the study, no mortality, abnormal clinical signs, or behavioural changes related to the 
testing material were observed in either the treated or control groups of mice. There were no significant variations in 
food and water consumption between both genders in the NK cell treated and control groups. However, certain significant 
changes were observed between the groups in the clinical biochemistry and urine analysis reports. As autopsy showed 
no significant variations in absolute and relative organ weights between the groups, except for the livers of the treated 
mice. The histopathological analysis also demonstrated that there were no significant abnormalities in most of the organs 
of both genders, except for the liver. Some necrotic lesions were observed in the livers of both the treated and control 
mice, and these lesions may be due to the effects of irradiation or could be common in NOD.SCID mice. The findings of 
this study indicate that intravenous administration of NK cells is safe and does not cause any adverse effects up to the 
dose of 50 × 106 cells/mouse.
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ABSTRAK

Penggunaan sel pemusnah semula jadi (Natural Killer, NK) dalam rawatan pelbagai jenis kanser telah muncul 
sebagai pendekatan yang berpotensi dalam terapi imuno adoptif. Namun, keselamatan ex vivo teraktif dan sel 
berkembang dalam keadaan in vivo masih kekal tidak diketahui. Dalam kajian ini, ketoksikan sel NK telah disuntik 
secara intravena pada dos yang berbeza iaitu 5 × 106, 20 × 106 and 50 × 106 kepada tikus keimunokurangan pre-
tersinar (30Gy) sebanyak dua kali seminggu untuk 3 minggu dan tikus tersebut telah melalui pemeriksaan lanjutan 
untuk 90 hari. Sepanjang kajian ini, tiada kematian, tanda klinikal tidak normal atau perubahan tingkah laku berkait 
dengan bahan ujian dapat dilihat dalam mana-mana kumpulan tikus terawat atau terkawal. Tiada variasi yang jelas 
dalam pengambilan makanan dan air antara kedua dua jantina dalam kumpulan sel NK yang terawat dan terkawal. 
Namun, perbezaan perubahan yang jelas dapat dilihat antara kumpulan biokimia klinikal dan laporan analisis urin. 
Autopsi mendedahkan tiada perbezaan yang ketara pada variasi dalam berat organ mutlak dan relatif antara kumpulan, 
melainkan untuk hati tikus yang terawat. Analisis histopatologi juga menunjukkan bahawa tiada perbezaan yang ketara 
pada keabnormalan dalam kebanyakan organ untuk kedua-dua jantina, melainkan organ hati. Beberapa luka nekrosis 
dapat dilihat di dalam organ hati untuk kedua-dua tikus yang terawat dan terkawal, dan luka ini mungkin disebabkan 
oleh kesan penyinaran atau mungkin kesan biasa dalam tikus NOD.SCID. Penemuan kajian ini menunjukkan bahawa 
pemberian sel secara intravena NK adalah selamat dan tidak mengakibatkan kesan buruk sehingga dos 50 × 106 sel/tikus.
Kata kunci: Ketoksikan sel NK; patologi; sel pemusnah semula jadi; terapi Imuno; terapi imuno adoptif

INTRODUCTION

Adoptive cell therapy, particularly NK cells, has 
emerged as a promising approach to treat cancer. NK cells 
have received widespread attention due to their natural 

cytotoxicity against malignant, virally infected, and 
stressed cells (Kay et al. 1979; Stern et al. 1980), and are 
currently being used extensively as novel immunotherapy 
against various types of cancers that lack major 
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histocompatibility complex (MHC) class I (Purdy et al. 
2009). NK cell toxicity is regulated through the activation 
of receptors, including natural killer group 2D (NKG2D), 
natural cytotoxic receptors (NCR), DNAX accessory 
molecule-1 (DNAM1), killer cell immunoglobulin-like 
receptors (KAR) inhibitory NK cell receptors, killer cell 
inhibitory immunoglobulin-like receptors (KIR) and 
CD94/NKG2A. These activating and inhibitory signals 
regulate cytotoxic activity and prevent cytotoxicity 
against healthy cells while maintaining effective cytotoxic 
capacity against tumour cells (Diefenbach et al. 2001; 
Smyth et al. 2005).

NK cells have been used in clinical trials to treat 
various cancers, such as adenocarcinoma (Burns et 
al. 2003), lymphoma breast cancer (Doubrovina et 
al. 2003), colon cancer (Subramani et al. 2013), and 
non-small cell lung cancer (Motohashi et al. 2006). 
Despite the immense therapeutic potential of NK cell 
therapies, a major limitation to their development 
has been the lack of efficient methods for generating 
sufficient numbers of NK cells for clinical efficacy. The 
development of protocols that can generate large numbers 
of functional NK cells under GMP conditions is required 
to facilitate clinical studies. Therefore, protocols for 
ex vivo expansion and activation of NK cells are being 
developed, allowing for clinical trials with higher NK 
cell dosages and multiple NK cell infusions (Barkholt 
et al. 2019; Carlens et al. 2001). There has been much 
focus on generating NK cell expansion protocols, with 
NK cells being derived from multiple sources, including 
peripheral and umbilical cord blood (Denman et al. 2012; 
Knorr et al. 2013; Shah et al. 2013; Woll et al. 2009). 

We recently demonstrated a cytokine-induced 
culture method capable of generating clinically relevant 
NK cell numbers with maximum purity from different 
age groups (Gounder et al. 2018). However, the key 
step in cell-based therapy is translating experimental 
discoveries into practical applications, which has major 
limitations. Nevertheless, in vivo studies using mice 
models still play an important role in the evaluation of 
safety and efficacy in a clinical setting (Suzuki et al. 
2009), and it has been established that animal studies are 
beneficial and worthwhile in managing public health and 
medical research (Festing et al. 2007). In this study, the 
safety profile of ex vivo-expanded NK cells in a NOD.
SCID mouse model is demonstrated.

METHODS

ETHICAL STATEMENT
The study protocol and informed consent form were 
approved by the local ethics committee of the University 

Malaya Medical Centre, Malaysia (MREC ID NO: 
20161115-4601). All animal experiments were carried out 
in accordance with the guidelines and regulations of the 
Institutional Animal Ethics committee (IAEC).

ISOLATION AND EXPANSION OF NK CELLS

After the written informed consents were obtained, 
30 mL of peripheral blood was collected from 40 
healthy donors. NK cell-containing peripheral blood 
mononuclear cells (PBMNCs) were isolated using 
the lymphoprep (Axis-Shield Diagnostics Ltd., Oslo, 
Norway) density gradient medium, then isolated and 
expanded according to our previously published protocol 
(Gounder et al. 2018). 

GROWTH KINETICS AND DOUBLING TIME ANALYSIS

NK cells were seeded in a tissue culture flask and 
incubated at 37 °C in a 5% CO2 humidified incubator 
for 14 days. Cell and colony-forming images were taken 
before the addition of culture medium and media was 
changed once every 2 days, with triplicates of NK cell 
samples taken on days 3, 5, 7, 9, 11 and 14 of culture. The 
growth kinetics of NK cells were manually determined by 
performing cell counts using the trypan blue exclusion 
method. The initial seeding, cell yields and days in 
culture were recorded, with the doubling time determined 
using the Patterson Formula [Td = Tlg2/lg (Nt/N0)], Td 
is the doubling time (h), T is the time taken for cells to 
proliferate from N0 to Nt (h), and N is the cell count.

FLOW CYTOMETRY ANALYSIS

The proportion of the NK cell population and their 
active receptor expression were assessed using specific 
antibodies (CD56-PE and NKG2D-PE) (Beckman Coulter 
Inc., USA). Staining was performed according to the 
manufacturer’s instructions. Stained cells were washed 
and re-suspended in PBS, then analysed by flow 
cytometry (FC 500, Beckman Coulter Inc., USA). The 
CXP software provided by the manufacturer was used to 
analyse the acquired data.

ANIMAL EXPERIMENT AND ADOPTIVE TRANSFER OF NK 
CELLS

NOD.SCID mice (Animal Breeding and Housing (ABH) 
Facility, LARS, Reliance Life Sciences, Navi Mumbai) 
were handled and housed in polysulfonated individually 
ventilated cages (IVC) in accordance with the OECD 
Good Laboratory Practice Government of India. The 
primary aim of the study was to evaluate the dosage-
dependent safety and toxicity of NK cells in both male 
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and female mice. Forty males and forty females were 
randomly divided into four groups: vehicle control, low 
dose, mid dose and high dose. Prior to the initiation of 
dosing, the mice were irradiated at a radiation dose of 
3Gy during the third day of the acclimatisation period. 
The control group received normal saline, the low dose 
group received 5 × 106 cells/mouse, which corresponded 
to 2 × 108 cells/kg in humans, while the medium and high 
dose groups received 20 × 106 cells/mouse and 50 × 106 
cells/mouse, respectively. The ex vivo expanded NK cells 
were then administered intravenously (tail vein injection 
by a 26 G syringe, 0.2 mL/mouse) into the experimental 
animals (weight range from 14.02 to 23.08 g) twice a 
week for 3 weeks. 

CLINICAL EXAMINATION

All treated and control mice were closely monitored for 
90 days for any signs of illness or reaction to treatment 
every day after dose administration, with all visible signs 
of reaction to the treatment recorded. A detailed clinical 
examination (mortality, food and water consumption, 
body weight, local tolerance and vision) was conducted on 
all animals during acclimatisation and at weekly intervals 
during the treatment.

 
CLINICAL PATHOLOGY EXAMINATION

Blood samples were drawn from the orbit of the eye, 
collected in plain and anticoagulant containing tubes, spun, 
and stored at -20 °C for biochemical analysis. On day 
90, mice were sacrificed and organs including adrenals, 
brain, epididymis, heart, kidneys, liver, lung, pancreas, 
parathyroid, prostate, spleen, testes and uterus were 
collected and fixed in 10% neutral buffered formalin for 
histopathological examination.

STATISTICAL ANALYSIS

All the parameters characterised by continuous data, 
such as body weight, food consumption, organ weight, 
haematology, and clinical chemistry data were statistically 
analysed using the ANOVA model and t-test.

RESULTS

EX VIVO EXPANSION OF GMP GRADE HUMAN 
PERIPHERAL BLOOD-DERIVED NK CELLS

NK cells were isolated from PBMNCs in an NK cell-
specific antibody-coated flask. After successful isolation, 
cells were cultured in NK cell activation media, which 

is then replaced with NK cell proliferation media for 
expansion as shown in Figure 1(A). After 14 days, cells 
were harvested and characterised for NK cell phenotype 
using appropriate monoclonal antibodies (CD56, CD3, 
and NKG2D). Flow cytometry analysis showed that 
most of the ex vivo expanded cells expressed CD56 (> 
95%) as shown in Figure 1(B), which represented NK 
cells. The NK cell activated receptor ‘NKG2D’ was also 
detected, indicating that the majority of the NK cells (> 
98%) expressed the NKG2D receptor as shown in Figure 
1(C). Next, the expansion rate of NK cells between the 
donors and genders was evaluated, with findings showing 
a similar expansion or proliferation rate and colony 
formation as shown in Figure 1(D) of NK cells between 
the donors or genders. At the end of the expansion, the 
total cell population had increased 175 fold on average as 
shown in Figure 1(E). The absolute numbers of nucleated 
NK cells were counted and cryo-preserved at -196 °C for 
future animal studies. 

DOSE ADMINISTRATION AND CLINICAL EXAMINATION

Prior to initiation, dosing mice were irradiated with 
a radiation dose of 3Gy during the third day of the 
acclimatisation period, which was followed by the 
random allocation of 40 male and 40 female mice into 
different groups. The animals were divided into four 
groups (vehicle control, low dose, mid dose and high 
dose) and NK cells were administered intravenously on 
days 1 (the first day of treatment), 8 and 15. Following 
that, the animals were monitored for 10 weeks, and 
during this period they were observed daily for clinical 
signs of disease as shown in Figure 2(A). Detailed 
physical examinations were performed on all mice and 
all the animals in both the control and different treatment 
groups survived throughout the experiment. There were 
no animals that exhibited any kinds of symptoms that 
could be considered as morbidity. A detailed clinical 
examination also showed that all animals were normal, 
with no abnormal clinical signs observed during the study 
period. It is worth noting that no significant variations 
were detected in terms of body weight as shown in Figure 
2(B) and food consumption as shown in Figure 2(C) 
between the NK cells treated groups and the control group 
in either gender. Ophthalmological examinations were 
also performed prior to treatment during acclimatisation 
for all animals and during the final week of treatment, 
with the results showing no treatment-related changes 
(Supplementary Table 1). Similarly, no significant 
changes were observed in haematology parameters as 
shown in Figure 2(D), differential leucocyte count as 
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shown in Figure 2(E), and reticulocyte count as shown in 
Figure 2(F) in treated groups as compared to the control 
group.

CLINICAL PATHOLOGY AND ORGAN FUNCTION

A clinical biochemistry study was carried out to evaluate 
the dose dependence on NK cells toxicity. Blood (4 h 
fasting) was collected from (retro-orbital plexus) all the 
animals on day 91 and analysed using auto-analysers 
(Siemens Dimension Expand Plus). The results showed 
that liver function clinical parameters (albumin, 
globulin, ALP, ALT, AST, A/G ratio, total protein and 
total triglyceride) were significantly changed in a dose-
dependent manner for both genders, resulting in liver 
dysfunction. Similar to liver biochemistry, circulating 
glucose levels in serum significantly decreased in a dose-
dependent manner in all treated mice as compared to the 
control group. Dose-dependent increases of LDH in all 
treated mice caused multi-cellular or organ damages, 
while significant increases in BUN and creatinine kinase 
in the high dose group mice indicated that there was 
kidney dysfunction as shown in Figure 3. Nevertheless, 
no treatment-related variations in the quantitative and 
qualitative analyses of urine were observed as shown 
in Figure 4(A) and Supplementary Table 2. In order to 
assess the changes in organ biochemistry, the relative 
and absolute organ weight of all treated and control 
mice were analysed on day 91 and it was discovered 
that relative and absolute organ weight of the liver 
significantly decreased for both genders of all treated mice 
as compared to the corresponding control group mice. 
Other than the liver, no other organ weight changes were 
observed in all treated mice as shown in Figure 4(B) - 4(E).

HISTOPATHOLOGICAL EXAMINATION OF NK CELLS IN 
ANIMAL ORGANS

In line with serum biochemical changes related to 
various organs, gross and histological analyses were 
used to investigate the occurrence of NK cell-mediated 
cellular damages in various organs. Histopathological 
analysis showed there were minimal to moderate 
multifocal patches of hepatocellular necrosis in the 
livers of both genders in all the treated groups. There 
were histopathological changes in the livers of the 
animals in the low (3/20), medium (2/20), and high 
dose (8/20) groups, but the changes were limited to only 
females in the low and medium dose groups. A minor 
histopathological alteration was also evident in the 
livers of the control group (2/20), which was comparable 

to a mid dose (2/20) group. Other than the liver, all 
histological changes were similar and comparable to 
the control animals as shown in Figure 5(A) - 5(G) and 
supplementary Table 3. Organs such as the larynx and 
pharynx were not assessed via microscopic evaluation 
and making histology slides was not possible due to the 
small sizes and dimensions of the tissues.

DISCUSSION

NK cells are potential tools for cancer therapy as they can 
kill a wide range of cancerous, virally infected, senescent, 
and stressed cells. Although NK cell-based therapy 
has been gaining attention as adoptive immunotherapy 
in modern medicine, manufacturing clinical grade, 
therapeutically active, and sufficient numbers of NK cells 
has proven to be challenging and this has hampered its 
application in clinical research. Researchers are currently 
using their own optimised protocols to activate and 
expand peripheral blood-derived NK cells for therapeutic 
applications. It is worth noting that in in-vitro and in vivo 
conditions (Cho et al. 2009), the cytotoxicity of NK cells 
is significant, especially when stimulated with cytokines 
(IL-2, IL15, IL21), despite recent studies showing that 
supplementation with IL-2 alone increases NK cell 
numbers to the range of 150 and 700 fold with 55% purity 
(Carlens et al. 2001). 

In the present study, a high-efficient protocol was 
optimised for the isolation and expansion of peripheral 
blood-derived NK cells and flow cytometry analysis 
showed that the majority of the expanded cells (> 95%) 
expressed CD56, which represented the purity of the 
NK cells. Furthermore, NKG2D expression, which is 
highly expressed on the surface of cytokine-stimulated NK 
cells, represents the proportion of NK cell cytotoxicity. 
A limitation of the study was that the expansion of NK 
cells only reached approximately 160 to 175 fold after 
14 days of culture. These results demonstrated that a 
reasonable quantity of peripheral blood (as based on the 
therapeutic nature) was required and the culture period 
had to be extended in order to achieve the therapeutic 
volume of NK cells.

The primary aim of this study was to determine 
the dose-dependent toxicity of NK cells in normal and 
healthy NOD.SCID mice models. In order to accomplish 
this, three different doses of ex vivo expanded NK cells 
were administered intravenously into the experimental 
animals repeatedly six times: low (5 × 106 cells), 
medium (20 × 106 cells), and high (50 × 106 cells). 
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FIGURE 1. NK cell culture and characterisation: (A) schematic representation of 
NK cell culture from day 0 to 14, (B) flow cytometry analysis of NK cell-specific 

marker (CD56) and activating receptor (NKG2D) expression, (C) morphological or 
NK cell growth examination at different time points over 14 days, and (D) NK cell 

growth kinetic analysis at different time points over 14 days
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FIGURE 2. Experimental design and haematological examination: (A) schematic 
presentation of NK cell infusions and the follow-up period, (B) food intake of animals 
on days 8 and 90 after NK cell administration, and the bodyweight of animals before 

(day 0) and after (day 90) the infusion of NK cells, (C) haematological analysis 
performed after 90 days post-transplantation of NK cells, and (D) differential leukocyte 

and reticulocyte counts after 90 days post-transplantation of NK cells
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FIGURE 3. Analysis of clinical biochemistry in experimental animal blood serum. 
All individual parameters were replicated 3 times on each of the 10 mice from each 
group. The results were analysed and data are presented as mean ± SD. *P<0.005

Normal saline was used as a vehicle for control group 
mice, and all clinical abnormalities and toxicities were 
compared to the control group mice. There were no 
significant physiological and behavioural (food and water 
consumption, body weight, mortality and ophthalmology) 
changes observed in all experimental animals after six 
repeated infusions of NK cells. The haematological 
parameters (RBC, HGB, HCT, MCH, MCV, differential 
leucocyte count) were also comparable between the 

experimental and control group animals. These results 
demonstrated that intravenous infusions of NK cell 
had no adverse effects (physiological and behavioural 
changes) up to a dose of 50 × 106 cells/mouse, which was 
consistent with a previous study that demonstrated that 3 
different doses of NK cells administered up to five times 
as safe and had no adverse effects in a tumour-induced 
mice model (Jung et al. 2018).   

Following an adoptive transfer of NK cells, a clinical 
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FIGURE 4. Urine analysis and organ weight of mice after administration of NK 
cells: (A) urine analysis of each group at the end of the experimental period, and 

(B-E) the absolute and relative organ weights of both genders in each group



	 	 279

A                                                                  B

C                                                                   D
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E                                                                   F

G                                                                   

FIGURE 5. Histological examination of NK cell-mediated toxicity in the liver and 
pancreas. A) Microscopic analysis of the liver shows minimal multifocal hepatocyte 
necrosis and moderate multifocal patches of hepatocellular necrosis in both genders. 

Microscopic analysis of the pancreas, lung, kidney, spleen, parathyroid gland and ovary 
showed no pathological alterations. [(a) male control, b) female control, c) male low dose, 
d) female low dose, e) male mid dose, f) female mid dose, g) male high dose and h) female 

high dose. (100x magnification)]
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biochemistry study was performed to determine whether 
the different doses of NK cells impaired organ functions. 
Clinical biochemistry findings showed that liver function 
was significantly impaired in both genders in a dose-
dependent manner. In order to confirm the treatment-
related organ dysfunction, the relative and absolute organ 
weights in all experimental and control animals were 
measured and compared. The results showed that except 
for the liver, the relative and absolute organ weights for 
all the other organs were comparable for both genders 
between the experimental and control groups, and the 
observed changes in the liver may be due to the toxicity 
of NK cells (NK cells are known to cause necrosis or 
apoptosis in rat hepatocytes) or radiation (Blom et al. 
1999; Mouiseddine et al. 2012). In addition, microscopic 
examination (histopathology) showed that all other 
organs were normal, except the liver, for all doses and 
minor histopathological alterations were also evident in 
the control group animals.

NK cell cytotoxicity contributes to liver damage 
in various types of liver disease, but NK cells can limit 
liver fibrosis by killing hepatic stem cells, which 
play a major role in the pathogenesis of liver fibrosis 
(Mouiseddine et al. 2012). Radiation, on the other hand, 
causes liver necrosis by damaging the hepatocytes, which 
results in the elevation of ALT and AST (Fasbender 
et al. 2016). In general, the cell death of hepatocytes 
creates an inflammatory microenvironment that activates 
hepatic stem cells through transforming growth factor-
beta and a variety of cytokines released by infiltrating 
immune cells (Liedtke et al. 2013). Hepatic stem cells 
are responsible for replacing and regenerating damaged 
hepatocytes, as well as secreting growth hormones and 
lipoproteins, while irradiation may alter the function or 
activation of these cells at the early stage (Sempoux et al. 
1997). Apart from the liver, a treatment-related decrease 
in glucose level was observed in all treated groups in 
a dose-dependent manner. NK cells activation leads to 
an increase in glucose metabolism, which results in a 
decrease in circulating glucose levels and within hours of 
activation, NK cells can generate large amounts of IFN-γ 
protein. IFN-γ plays a major role in promoting antiviral 
and antibacterial immunity, activation of macrophages, 
enhancing antigen presentation, activation of the innate 
immune system, and controlling cellular proliferation and 
apoptosis. After cells have been administered to the mice, 
the IL-2 activated NK cells require more glucose-driven 
oxidative phosphorylation to produce IFN-γ (Billiau 
1996; Keppel et al. 2015). Besides that, other clinical 
biochemistry parameters were similar between both 
genders in the experimental and control group animals, 
indicating that dose-dependent NK cells do not affect any 
organ functions, except for the liver. 

In summary, no treatment-related changes were 
observed in clinical signs, body weight, feed consumption, 
ophthalmological examination, haematology, differential 
leucocyte count, reticulocyte count and urinalysis, 
although changes were observed in clinical chemistry, 
such as reduced glucose, elevated LDH, and decrease 
in albumin, which were due to the pharmacodynamics 
of NK cells. There were also other changes in clinical 
chemistry but were not toxicologically significant. 
Furthermore, histopathological reports confirmed that 
besides the liver, all other variations in organ weight were 
not toxicologically significant. In conclusion, this study 
showed that multiple doses of ex vivo expanded NK cells 
are safe up to a dose of 50 × 106 cells and have no severe 
adverse effects. However, the preclinical study results 
obtained from NOD.SCID mice may not be comparable 
when NK cell therapy is clinically applied to cancer 
patients. Thus, further clinical studies are necessary to 
investigate the safety of NK cells in humans.
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SUPPLEMENTARY TABLE 1. Ophthalmological Examination

Observation Groups

CON
(N = 10)

LD
(N = 10)

MD
(N = 10)

HD
(N = 10)

Sex M F M F M F M F

Pre-sacrifice NAD NAD NAD NAD NAD NAD NAD NAD

NAD = No abnormality detected

SUPPLEMENTARY TABLE 2. Urinalysis

Parameter
CON

Male Female

LD MD HD CON LD MD HD

Colour Yellow 10 10 10 10 10 10 10 10
Clarity Clear 10 10 10 10 10 10 10 10

Glucose
Negative 10 10 10 10 9 10 10 10
Trace 0 0 0 0 1 0 0 0

Bilirubin
Negative 10 6 * 9 8 9 10 5 * 10
Small (1+) 0 4 * 1 2 1 0 5 * 0
Moderate (2+) 0 0 0 0 0 0 0 0

Ketone

Negative 10 8 10 10 10 10 10 10
Trace 0 2 0 0 0 0 0 0
Small (1+) 0 0 0 0 0 0 0 0
Moderate (2+) 0 0 0 0 0 0 0 0

Blood

Trace Lysed 0 0 0 0 0 0 0 0
Trace Intact 1 0 1 1 0 1 0 0
Small (1+) 1 0 2 1 0 1 2 0
Moderate (2+) 6 2 4 4 7 4 5 8
Large (3+) 2 8 3 2 3 4 3 2
Negative 0 0 0 2 0 0 0 0

Protein

Small (1+) 1 4 3 4 6 1 3 4
Moderate (2+) 0 3 0 0 0 0 0 0
Trace 6 1 3 3 4 3 4 4
Negative 3 2 4 3 0 6 3 2

Nitrite
Negative 8 5 * 2 * 4 * 5 6 3 * 2 *
Positive 2 5 * 8 * 6 * 5 4 7 * 8 *

Leucocytes
Negative 10 10 10 10 10 10 10 10
Trace 0 0 0 0 0 0 0 0

Pus Cells 
(per h.p.f.)

Present (0) 10 10 10 10 10 10 10 10
Present (1) 0 0 0 0 0 0 0 0

Red Blood 
Cells
(per h.p.f.)

Present (0) 10 10 10 10 10 10 10 10

Present (1) 0 0 0 0 0 0 0 0

Epithelial 
Cells
(per h.p.f.)

Present (0) 5 4 4 5 5 4 4 5

Present (1) 5 6 6 5 5 6 6 5

Crystals
Present (0) 3 4 4 3 4 4 4 4
Present (1) 7 6 6 7 6 6 6 6

Casts
Present (0) 7 7 7 7 6 6 7 7
Present (1) 3 3 3 3 4 4 3 3

Dose: CON – Control; LD- Low dose  – 5 × 106; MD- Medium Dose – 20 × 106; HD- High Dose – 50 × 106 (cells/ mouse; N=10) h.p.f. = High power field, 0 = None, 1 
= Few in some fields examined 
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SUPPLEMENTARY TABLE 3. Summary of histopathology

Organ/Lesions 

Group 
(Cells/ 
Mouse) 

CON
(0) 

LD
(5 × 106) 

MD
(20 × 106) 

HD
(50 × 106) 

Sex M F M F M F M F 

No. of 
animals 10 10 10 10 10 10 10 10 

Microscopic Observation 

Lung 

NAD 6 8 - - - - 6 7 

Infiltration, 
Histiocytes,  Focal Minimal 3 1 - - - - 3 1 

Necrosis, alveolar, 
multifocal  + 
Histiocytosis 

Mild 1 1 - - - - 1 2 

Liver 

NAD 9 9 10 7 9 9 4 8 

Necrosis, 
Hepatocyte, 
Multifocal 

Minimal 1 1 0 2 1 1 2 1 

Necrosis, 
Hepatocellular, 
Multifocal 

Moderate 0 0 0 1 0 0 4 1 

Kidney 

NAD 10 8 - - - - 10 7 

Congestion, 
Vascular, Multifocal Minimal 0 2 - - - - 0 3 

Pancreas 

NAD 10 10 10 10 10 10 10 10 


