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INTRODUCTION
The cinnamon (Cinnamomum zeylanicum) bark 
is one of the oldest herbal medicines cultivated 
in many tropical countries, including China, 
India, Brazil, Madagascar, Mexico, and the 
Caribbean. Worldwide is used as a spice due to 
its health benefits, flavors, and food preservation 
properties.1-3 In modern scientific literature, 
cinnamon bark has been reported to have various 
medicinal properties 4-13. The cinnamon bark is 
used as an ingredient of many medicinal natural 
products for the treatment of diverse immune-
inflammatory disorders due to antioxidant,13, 14 and 
anti-inflammatory 15 properties.

The procyanidins polyphenols are the oligomeric 
end-products of the flavonoid biosynthetic pathway 
with (+)- catechin and (–)-epicatechin as a building 
block 16. Cinnamon bark contains many polyphenols 
(PP), including  type A procyanidin polyphenols, 
which are reported as anti-inflammatory and 
antibacterial  compounds  in  vitro 17-19. The 
recent scientific research on the procyanidins 
polyphenolic oligomers containing flavan-3-ols 
and their oligomeric forms (proanthocyanidins) 
from cinnamon bark demonstrated a high potential 
for therapeutic use 20-22.

The polyphenols-based standardized cinnamon 
bark extract (IND02) had reported beneficial 
effects on humoral (antibody production), cellular 
and innate responses of the immune system, as well 
as numbers of resident peritoneal macrophages 
during in vivo and ex vivo studies 23. Furthermore, 
series of in vitro experiments demonstrated potent 

entry inhibition properties of IND02 against the 
hepatitis C virus 24-26 and human immunodeficiency 
virus-1 26, 27. The IND02 is reported to block the 
selectin binding and leukocytes adhesion with sialic 
acids to inhibit allergic inflammation 28, inhibit the 
markers of allergic rhinitis (AR) such as histamine, 
Interleukin 4 (IL-4), and β- hexosaminidase in 
an Immunoglobulin E inhibition 29, and mast cell 
stabilizing mechanisms 29. Topical intranasal use of 
IND02-NS showed good efficacy against AR during 
animal studies 30 and patients 31, 32. However, the 
long-term safety of intranasal administration of 
IND02-NS is not yet reported. Therefore, the present 
study aimed at safety and toxicological evaluation 
IND02-NS in rats following the acute and subacute 
intranasal administration as per international 
standards established by Organization for Economic 
Cooperation and Development (OECD) guidelines.

MATERIALS AND METHODS

Animals
The Wistar rats (120-200 g) of either sex and 7-week 
old were purchased from Taconic Biosciences, 
Inc. USA and used. The rats were acclimatized for 
seven days before dosing. The markings were done 
on cages and individual rats for identification. Rats 
were fed on pelleted feed (Altromin Spezialfutter 
GmbH and Co. KG, Germany, supplied by ATNT 
Laboratories, Mumbai, India) and provided with 
pure potable water in sterilized bottles with stainless 
steel sipper tubes. The rats were maintained at ambient 
temperature (19-25°C) and relative humidity (30-70%) 
with 12 h: 12 h of the dark: light cycle. The female 
rats were nulliparous and non-pregnant. The study 
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protocol was approved by the Institutional Animal Ethics Committee of 
INTOX Pvt Ltd, Pune, India (Approval number: 17051 and 17052). 

The test compound, IND02 solution (IND02-NS)
The test compound, IND02-NS, the solution of IND02 powder in saline, 
was provided by Indus Biotech Private Limited, Pune, with 64.82 mcg 
per 100 microliters of polyphenols content as analyzed by the Folin-
Ciocalteu reagent method 33. The IND02 powder is a standardized 
extract of cinnamon bark with 77.5% polyphenols content as analyzed 
by the Folin-Ciocalteu reagent method 33. 

The maximum volume that can be administered intranasally to the rats 
is reported to be 50 µl /nostril 34. To administer the intranasal dose 
within the specific volume limits of 50 µl per nostril, the stock solution 
of IND02 (IND02-NS) of 1 mg/ml concentration was prepared. 
IND02-NS was diluted daily to prepare different doses in the same 
volume of 25 µl solution per nostril per time. Hence, the total daily 
volume of 100 µl solution per rat per day (50 µl per nostril per day) 
was administered in two divided doses, i.e., first dose (25 µl solution 
per nostril) in the morning (am) and second dose (25 µl solution per 
nostril) in the afternoon (pm). 

Based on the surface area ratio of humans and rats, the maximum 
daily dose of 100 µg/rat/day was found almost ten times lower than the 
reported maximum safe intranasal human equivalent dose = 1143 µg 
per day 35. Thus, the doses of 100 µg (highest dose), 50 µg (middle dose), 
and 20 µg (lowest dose) per rat per day were finalized for the toxicology 
evaluation part of the present study. 

Acute intranasal toxicity (AINT) study
The acute toxicity study of IND02-NS was performed with the 
intranasal route of administration. The dose of 100 µg/rat/day was 
intranasally administrated in groups of five rats per sex. The rats were 
observed for 14 days for any signs of morbidity or mortality.

Subacute (28-day repeated dose) intranasal toxicity study
The study was carried out as per OECD guidelines (Test No. 407, 
“Repeated Dose 28-Day Oral Toxicity Study in Rodents” 36 with the 
nasal route of administration. In addition, the buried food test was 
carried out on all rats to assess the sense of smell 37. Sixty rats, i.e., 30 
male and 30 healthy female rats, were randomly divided into six groups 
of 5 rats each. The IND02-NS solution was intranasally administered as 
25 µl/nostril, twice a day, i.e., 100 µl/rat to groups of rats with the help 
of micropipette as follows:

•	 G1 - VC – Vehicle (100 µl/rat/day) for 28 days

•	 G2 - IND02-NS-20 group – IND02-NS (20 µg/rat/day) for 28 days

•	 G3 - IND02-NS-50 group - IND02-NS (50 µg/rat/day) for 28 days

•	 G4 - IND02-NS-100 group - IND02-NS (100 µg/rat/day) for 28 days

•	 G1R – VC-R group - Vehicle 100 μl/rat/day for 43 days

•	 G4R – IND02-NS-100R group – IND02-NS (100 µg/rat/day) for 28 
days and vehicle 100 μl/rat/day for the next 14 days (Day 29 to Day 43). 

Clinical signs, mortality, body weight, and feed 
consumption
All rats were observed daily for mortality and clinical signs. The detailed 
clinical examination was carried out before initiation of treatment and 
weekly during the treatment and reversal period. The weight of each rat 
and food consumption were recorded at weekly intervals throughout 
the study period. In the 4th week of treatment, all animals were examined 
for assessment of sensory reactivity, grip strength and motor activity as 
a part of functional observation test.

Buried Food Test 
The buried food test relies on the animal’s natural tendency to use 
olfactory cues for foraging and is used to confirm the ability to smell 
odors 37. The effect of IND02-NS on the olfactory system was carried 
out before initiation of treatment (day 0) and weekly thereafter, during 
the study as per reported procedure 37. The buried food test measures a 
time to find buried food, i.e. when an overnight fasted animal can find 
a small piece of food palette hidden under a layer of bedding 37. On the 
test day, rats fasted and water ad libitum for 18 h to 20 h before the test. 
Then each rat was placed in a clean cage containing 3 cm deep clean 
bedding and was allowed to acclimatize to the cage for 5 min. After 5 
min, the rat was transferred to another empty, clean cage. A measured 
quantity of food (2 food pellets) was buried together approximately 1 
cm beneath the surface at one corner of the cage. The surface of bedding 
was smoothened. The rat was re-introduced to the cage, the timer was 
started, and the time to find the buried food by rat was recorded. If the 
animal failed to find the buried food after 15 min, the test was stopped, 
and a cut-off period of 15 min was recorded 37. 

Laboratory evaluations

Urine and blood samples were collected for laboratory evaluations 
(hematology, biochemistry, and urinalysis) from all rats in the 
28-day study and the reversal groups during the last week of the 
treatment period, before the scheduled necropsy. The hematological 
evaluations include Hemoglobin (Hb), packed cell volume (PCV), 
red blood corpuscles (RBC), mean corpuscular hemoglobin (MCH), 
mean corpuscular volume (MCV), mean corpuscular hemoglobin 
concentration (MCHC), total leukocyte count (TLC),  neutrophils 
(N), lymphocytes (L), monocytes (M), eosinophils (E), basophils 
(B), platelets, reticulocytes, activated partial thromboplastin time 
(APTT) and prothrombin time (PT). The biochemistry parameters 
include total protein, albumin, globulin, alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), 
glucose, blood urea nitrogen (BUN), urea, creatinine, cholesterol, 
gamma-glutamyl transferase (GGT), total bile acid, triglyceride, total 
bilirubin, sodium (Na), potassium (K), calcium (Ca), phosphorus (P) 
and albumin to globulin ratio (A/G ratio). The urine samples were 
examined qualitatively for color, appearance, specific gravity, pH, 
protein, glucose, ketone, bilirubin, urobilinogen, nitrite, occult blood, 
and leucocytes, and microscopically for epithelial cells, crystals, casts, 
and any other abnormal constituents.

Necropsy, Organ Weight and Histopathology
On completion of the treatment, necropsies of rats were performed. 
Organs (Adrenals, Brain, Ovaries, Heart, Uterus, Liver, Spleen, 
Kidneys, Testes, Epididymis, Thymus) were isolated and weighed for 
absolute and relative weights. The organs were preserved, fixed, and 
stained (Haematoxylin and Eosin) for histopathological evaluation 
via light microscopy using Olympus Trinocular Microscope with 
LED projector (CX-43/7F46721). Histopathological examination 
was conducted on brain (cerebrum, cerebellum, midbrain), spinal 
cord, eyes, pituitary, thyroid, parathyroid, spleen, thymus, adrenals, 
pancreas, trachea (at least 2 levels including 1 longitudinal section 
through the carina and 1 transverse section), lungs (all lobes at one 
level, including main bronchi), larynx (3 levels inlcuining one level for 
the base of the epiglottis), heart, aorta, esophagus, stomach, duodenum, 
jejunum, terminal ileum (with peyer’s patch), colon, rectum, liver, 
kidneys, urinary bladder, prostate, seminal vesicle, epididymis, testes, 
ovaries, uterus with cervix, vagina, skin, sciatic nerve, bone marrow 
(smear), mammary gland (females), mesenteric lymph node, axillary 
lymph node, salivary gland, mandibular lymph node, nasal passage 
at 4 levels (including a level to include the nasopharyngeal duct and 
the nasal associated lymphoid tissue) including all macroscopically 
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The percent eosinophils in the G3 group in females was significantly 
more as compared to the respective VC group. However, the values 
were within the historical control range (1.824 to 4.222) and considered 
non-significant for toxicological significance (Tables 3 and  4).

The group means values of blood biochemistry parameters viz. total 
protein, albumin, globulin, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), glucose, blood 
urea nitrogen (BUN), urea (calculated value from urea nitrogen), 
creatinine, cholesterol, gamma-glutamyl transferase (GGT), total 
bile acid, triglyceride, total bilirubin, sodium (Na), potassium (K), 
calcium (Ca) phosphorus (P), albumin to globulin ratio (A/G ratio) 
of IND02-NS treated groups did not show the difference as compared 
with respective VC group at the end of treatment or the reversal period. 
Although, a statistically significant decrease was observed in BUN and 
urea (in G3 and G4 as compared respective VC groups in males (but 
not in females) with all values within the historical control ranges of 14 
to 25 mg/dL and 20.9 to 41.2, respectively (Tables 5 and 6). 

The data on urinalysis, evaluated on day 26 of the treatment period 
and during the reversal period on day 41, did not indicate any 
abnormal values. The values of qualitative and semi-quantitative urine 
parameters did not have differences between any of IND02-NS treated 
groups versus respective VC groups.

Organ weights and Histopathology

The values of absolute organ weights and the relative organ weights 
of adrenals, testes, ovaries, kidneys, liver, brain, thymus, spleen, heart, 
and uterus of rats treated with IND02-NS did not show significant 
differences as compared to the respective VC group (Tables 7 and 8). 

The gross pathological findings (unilateral, undersized, underweight 
testes, and epididymis) were observed in the low dose (G3) treated 
male sacrificed on day 29. However, these findings did not have 
dose-dependency and were not considered to be treatment-related. 
All other organs examined during necropsy conducted at the end 
of the treatment period and reversal period did not show any gross 
pathological alterations in any of the male and female rats treatment 
groups as compared to VC groups (Table 9). 

The photomicrographs of representative sections of nasal mucosa are 
presented in Figure 1. 

There were no significant histological changes in nasal mucosa except 
incidental and Minimal goblet cell hyperplasia (observed in respiratory 
epithelium lining of the nasal septum, especially at level 1 and level 2 of the 
nasal passage) was found. This finding is the expected pharmacological 
effect as an adaptive response to any nasal exposure via production and 
release of an increased amount of protective substances and was not 
considered toxicological importance 38. The microscopic examination 
of tissues revealed lymphoid cell infiltration in lungs, inflammatory cell 
infiltration in the myocardium in the heart, lymphoid cell infiltration 
in the liver; interstitial lymphoid cell infiltration in kidneys; corticular 
vacuolation and capsular cyst in adrenals, retinal rosettes, and retinal 
folds in eyes cysts in the pituitary; lymphoid hyperplasia in jejunum and 
rectum; lymphoid hyperplasia and plasmacytosis in mandibular lymph 
node; glandular dilation and cysts in glandular stomach lymphoid cell 
infiltration in prostate and epididymis, cystic glands in the thyroid, cyst 
in the thymus; intramuscular lymphoid cell infiltration in abdominal 
skin; epithelial vacuolation in the uterus; glandular dilation in trachea; 
lymphoid atrophy in the spleen. These changes were of minimal to 
mild severity, found in all treatment (including VC) groups, and not 
considered significant or treatment-related.

abnormal tissues and specifically nasal passage of all rats from groups 
G1 (VC) and G4 (IND02-NS-100).

Statistical analysis
The data and parameter values were represented as the mean ± standard 
deviation (SD) and analyzed using statistical methods. Data of each 
parameter was analyzed by one-way ANOVA followed by Dunnett’s 
test and Student’s t-test to compare the difference between treated 
and control groups. The statistical analysis was performed using the 
SPSS version 23.0 analysis program (SPSS Inc, Chicago, Illinois, USA). 
Statistical significance at p < 0.05 was considered significant.

RESULTS

Acute intranasal toxicity (AINT) study
The acute study at an intranasal dose of 100 µg/rat/day did not reveal 
any mortality and abnormal clinical signs in rats. No significant body 
weight gain was observed during the 14-day observation post-dosing 
period in rats. Gross pathology findings and macroscopic examination 
of rats sacrificed at the termination of the study revealed no 
abnormalities attributable to the treatment. Therefore, the maximum 
tolerated dose (MTD) of intranasal IND02-NS on rats for both sexes 
was considered more than 100 µg/rat/day during the present acute 
toxicity study

Subacute (28-day repeated dose) intranasal toxicity 
study
All rats from VC and all treatment groups survived the dosing period 
of 28 days and the post-dosing reversal period. No signs of clinical 
toxicity were observed in any of the groups of rats during the entire 
study period and the 14 days of reversal period. Functional observation 
tests conducted on rats in week 4 revealed no abnormalities attributable 
to the treatment. Necropsy did not reveal any abnormality attributable 
to the treatment. The gain in body weights in male and female rats 
from IND02-NS-20, IND02-NS-50 and IND02-NS-100 groups was 
insignificant compared to VC (Table 1). 

The quantity of food consumed by rats from different dose groups 
showed no significant difference compared to the VC group during the 
28 consecutive days dosing period and the post-dosing reversal period. 

Buried food test
The buried food test showed no significant change in time latency to 
discover food as compared to the VC group, revealing that the ability to 
smell volatile odors was not affected during the treatment and reversal 
period (Table 2). 

Laboratory evaluations
The values of hematological parameters viz. hemoglobin, packed 
cell volume, total RBC count, total and differential WBC counts, 
RBC indices, platelet count, reticulocyte count, activated partial 
thromboplastin time, prothrombin time, and the morphology of 
blood cells of male and female rats, in IND02-NS group did not reveal 
any significant difference on the end of the treatment (day 29) or 
reversal period (day 43). A statistically significant increase (p<0.05) 
in prothrombin time in high dose (G4) males and an increase in 
eosinophil percentage in mid-dose (G3) females were observed. A mild 
increase in prothrombin time in the G4 group in males as compared 
to that of VC was recorded. However, no dose-related relationship in 
increased prothrombin time was observed. Furthermore, the changes 
from baseline were reversible on day 43 and appeared to be incidental 
with no biological significance. 
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Figure 1: Photomicrograph of representative sections of nasal passage of rats at level 1 to level 4 in rats during 90‑day repeated dose nasal toxicity study. 
(H&E, x40), NP – Nasal Passage, M- Male, F- Female, VC- Vehicle control (G1), IND02-NS-100 (G4).

Weeks
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Male            

1 22.39 ± 2.08 21.76 ± 2.90 18.43 ± 10.66 24.23 ± 2.63 22.45 ± 3.60 21.78 ± 2.41
2 15.70 ± 1.96 13.45 ± 3.04 13.07 ± 3.62 15.34 ± 2.17 14.85 ± 2.92 13.89 ± 2.53
3 10.39 ± 2.06 9.70 ± 1.68 9.14 ± 2.89 11.26 ± 2.11 10.48 ± 1.10 8.07 ± 1.89
4 6.32 ± 0.64 7.36 ± 2.36 6.44 ± 2.72 6.95 ± 1.12 7.93 ± 1.91 7.81 ± 1.40
5 - - - - 5.98 ± 0.78 4.17 ± 1.48
6 - - - - 6.94 ± 2.36 6.74 ± 1.95

Female            
1 12.07 ± 3.03 14.21 ± 1.43 12.95 ± 5.11 13.63 ± 3.99 11.69 ± 3.27 11.99 ± 2.51
2 5.25 ± 1.60 7.25 ± 0.92 7.63 ± 1.74 6.70 ± 1.56 6.31 ± 4.05 6.85 ± 1.35
3 6.54 ± 1.85 5.70 ± 1.56 6.19 ± 1.38 8.73 ± 4.18 6.40 ± 2.67 5.82 ± 2.57
4 3.31 ± 1.80 6.01 ± 1.42 4.45 ± 1.57 4.91 ± 2.40 3.85 ± 2.27 4.71 ± 1.31
5 - - - - 2.96 ± 2.12 3.00 ± 1.14
6 - - - - 6.63 ± 7.56 2.79 ± 1.17

Table 1. Body weight gains (g) of rats during 28 days repeated dose intranasal toxicity study.

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. Comparisons 
with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex.
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Day
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Male            

0 2.8 ± 4.76 3.6 ± 2.70 2.4 ± 3.71 2.6 ± 1.14 2.4 ± 2.30 4.0 ± 4.12
8 2.0 ± 1.00 3.8 ± 5.22 5.4 ± 4.04 1.6 ± 0.89 6.0 ± 5.57 2.8 ± 1.30

15 3.4 ± 3.71 4.8 ± 3.35 6.6 ± 5.77 3.6 ± 4.72 5.2 ± 5.22 6.4 ± 3.36
22 6.2 ± 5.59 5.0 ± 2.83 7.2 ± 5.76 2.2 ± 1.30 5.0 ± 4.30 7.0 ± 4.74
29 1.4 ± 0.89 4.8 ± 4.49 4.6 ± 5.13 3.2 ± 4.92 3.8 ± 3.63 8.6 ± 6.50
36 - - - - 3.2 ± 4.92 4.0 ± 3.32
43 - - - - 4.8 ± 4.97 8.0 ± 7.04

Female            
0 2.6 ± 3.58 2.8 ± 3.03 3.0 ± 3.94 1.2 ± 0.45 2.4 ± 1.67 1.8 ± 0.84
8 4.4 ± 4.16 1.2 ± 0.45 3.6 ± 3.21 1.6 ± 0.89 2.0 ± 1.73 2.4 ± 1.95

15 2.4 ± 2.61 1.0 ± 0.00 4.0 ± 2.55 3.0 ± 2.83 2.6 ± 1.52 2.4 ± 1.95
22 5.6 ± 4.83 1.6 ± 1.34 3.6 ± 4.22 3.2 ± 3.83 3.0 ± 3.08 2.4 ± 2.19
29 1.2 ± 0.45 1.6 ± 0.89 2.6 ± 2.07 1.8 ± 0.84 3.0 ± 2.35 3.0 ± 3.08
36 - - - - 1.2 ± 0.45 1.0 ± 0.00
43 - - - - 3.0 ± 2.00 2.4 ± 3.21

Table 2. Time to find buried food (minutes) in rats during 28 days repeated dose intranasal toxicity study.

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. Comparisons 
with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex.

Parameters
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Hb (g/dl) 16.50 ± 0.32 16.12 ± 0.33 16.20 ± 0.45 15.84 ± 0.82 15.88 ± 0.68 15.80 ± 0.46
PCV (%) 47.48 ± 1.03 46.70 ± 0.71 45.74 ± 1.09 45.76 ± 2.78 46.16 ± 2.27 45.32 ± 1.56

RBC (x106 /cmm) 8.58 ± 0.26 8.49 ± 0.23 8.74 ± 0.41 8.27 ± 0.51 8.31 ± 0.46 8.60 ± 0.31
MCH (pg) 19.28 ± 0.69 19.00 ± 0.35 18.56 ± 0.44 18.88 ± 0.61 19.18 ± 0.96 18.38 ± 0.48
MCV (fl) 55.42 ± 2.46 55.08 ± 0.91 53.88 ± 0.88 54.54 ± 1.34 55.6 ± 2.55 52.68 ± 1.18

MCHC (g/dl) 34.80 ± 0.48 34.54 ± 0.54 34.54 ± 0.30 34.60 ± 0.60 34.46 ± 0.44 34.90 ± 0.25
TLC (x 103 /cmm) 4.60 ± 0.60 4.25 ± 1.21 4.13 ± 0.78 5.07 ± 3.06 4.92 ± 0.48 4.53 ± 1.15 

DLC
N (%) 27.70 ± 6.10 33.06 ± 8.49 26.56 ± 4.90 31.72 ± 13.20 26.08 ± 5.29 27.20 ± 5.42
L (%) 69.14 ± 5.49 63.92 ± 7.38 70.16 ± 4.96 64.68 ± 12.73 71.10 ± 5.16 69.48 ± 5.37
M (%) 0.722 ± 0.374 0.504 ± 0.178 0.765 ± 0.407 0.729 ± 0.625 0.500 ± 0.285 0.834 ± 0.310
E (%) 2.444 ± 0.982 2.516 ± 1.154 2.494 ± 0.829 2.848 ± 0.421 2.296 ± 0.966 2.440 ± 0.550
B (%) 0.005 ± 0.011 0.024 ± 0.042 0.024 ± 0.053 0.005 ± 0.010 0.015 ± 0.014 0.028 ± 0.052

Platelets (x 103 /cmm) 749.0 ± 146.05 693.2 ± 303.98 658.4 ± 262.58 694.0 ± 267.84 624.0 ± 250.77 714.4 ± 121.22
Reticulocytes (%) 2.49 ± 0.47 1.94 ± 0.55 1.94 ± 0.57 2.45 ± 0.20 3.10 ± 0.80 2.71 ± 0.34

APTT (sec) 15.72 ± 2.33 16.84 ± 3.47 15.78 ± 3.28 16.12 ± 1.24 12.82 ± 2.75 16.46 ± 0.46
PT (sec) 15.68 ± 0.92 16.74 ± 1.04 17.08 ± 1.97 19.44 ± 1.18* 15.92 ± 0.91 16.80 ± 1.05

Table 3. Hematological parameters during 28 days repeated dose intranasal toxicity study (Male rats).

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. * P < 0.05. 
Comparisons with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex. Hb: Hemoglobin; PCV: Packed 
Cell Volume, RBC: Red Blood Corpuscles, MCH: Mean Corpuscular Hemoglobin, MCV: Mean Corpuscular Volume, MCHC: Mean Corpuscular Hemoglobin 
Concentration, TLC: Total leukocyte (White Blood Corpuscles) count, N: Neutrophils, L : Lymphocytes, M : Monocytes, E: Eosinophils, B : Basophils, APTT: Activated 
Partial Thromboplastin Time, PT.: Prothrombin time.

DISCUSSION
Worldwide, the prevalence of allergic diseases has continued to increase 
in the industrialized world. AR is an inflammatory disorder of the nasal 
mucosa initiated by an allergic immune response to inhaled allergens 
in sensitized individuals. AR affects 10% to 30% of the population 
worldwide 39. AR disrupts the upper airway's normal function, causing 
considerable disability, co-morbidities, and loss of quality of life (QoL). 
Any treatment of AR is expected to restore and enable the patient to 
achieve normal social function, olfaction, taste, and restful and peaceful 
sleep. Control of AR is of paramount importance for QoL issues to 
decrease the severity of co-morbidities associated with AR. A decreased 
QoL associated with AR is often associated with post-nasal drip, red, 
itchy, watery eyes, headaches, facial discomfort, and ear discomfort 40. 

There are various types of treatments available such as antihistamines, 
intranasal steroids, immunotherapies, and complementary medicines. 
Intranasal steroids provide significant relief of symptoms and are the 
most effective medication class in controlling the symptoms of AR. 
However, intranasal steroids were reported a few incidences of adverse 
effects such as epistaxis, headache, abnormal taste, and pharyngitis 41. 
Therefore, safety evaluations for nasal compounds using international 
guidelines are crucial before products are marketed for human use. 

In the present study, the acute and 28-days sub-acute toxicity of IND02-
NS was evaluated in rats using the intranasal route of administration. 
IND02-NS did not show any treatment-related changes in body weight 
gain, food consumption, ability to smell volatile odors by buried 
food test, hematological biochemical and histological parameters 
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Parameters
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Hb (g/dl) 15.34 ± 0.58 15.16 ± 0.60 15.06 ± 0.44 14.74 ± 0.87 15.2 ± 0.59 15.16 ± 0.79
PCV (%) 43.82 ± 1.79 43.18 ± 2.12 43.28 ± 1.47 42.16 ± 2.51 44.04 ± 1.82 43.76 ± 2.25

RBC (x106 /cmm) 7.89 ± 0.32 7.84 ± 0.43 7.95 ± 0.20 7.59 ± 0.69 8.32 ± 0.38 8.19 ± 0.51
MCH (pg) 19.40 ± 0.41 19.34 ± 0.45 18.92 ± 0.30 19.48 ± 0.79 18.26 ± 0.55 18.56 ± 0.93
MCV (fl) 55.44 ± 1.58 55.12 ± 1.26 54.40 ± 0.79 55.66 ± 2.26 52.96 ± 1.57 53.50 ± 2.57

MCHC (g/dl) 35.02 ± 0.43 35.1 ± 0.44 34.78 ± 0.46 34.98 ± 0.29 34.52 ± 0.18 34.68 ± 0.23
TLC (x 103 /cmm) 3.26 ± 0.80 3.43 ± 1.25 3.45 ± 0.71 3.41 ± 0.70 2.88 ± 0.85 2.71 ± 1.16

DLC
N (%) 21.78 ± 7.56 35.46 ± 13.47 27.62 ± 9.31 22.66 ± 4.82 21.2 ± 3.20 19.14 ± 6.04
L (%) 75.74 ± 7.28 61.00 ± 13.54 67.66 ± 8.42 74.16 ± 4.58 76.02 ± 4.00 77.10 ± 6.20
M (%) 0.492 ± 0.177 0.899 ± 0.490 1.492 ± 1.626 0.901 ± 1.066 0.717 ± 0.476 0.754 ± 0.356
E (%) 1.990 ± 0.390 2.624 ± 0.518 3.158 ±0.924* 2.292 ± 0.335 1.916 ± 0.547 2.902 ± 0.613
B (%) 0.000 ± 0.000 0.022 ± 0.031 0.045 ± 0.072 0.000 ± 0.000 0.122 ± 0.211 0.072 ± 0.088

Platelets (x 103 /cmm) 832.20 ± 74.40 902.20 ± 97.70 811.40 ± 154.93 846.20 ± 126.55 479.60 ± 300.05 637.20 ± 352.40
Reticulocytes (%) 2.91 ± 0.96 2.92 ± 0.46 3.94 ± 1.98 3.71 ± 0.95 2.74 ± 0.95 2.70 ± 0.44

APTT (sec) 18.88 ± 1.69 16.70 ± 3.99 15.18 ± 2.34 15.20 ± 2.29 13.24 ± 1.21 15.18 ± 1.55
PT (sec) 15.62 ± 1.32 15.38 ± 1.75 15.24 ± 1.11 16.68 ± 1.64 15.44 ± 3.16 19.46 ± 0.95

Table 4. Hematological parameters during 28 days repeated dose intranasal toxicity study (Female rats).

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. * P < 0.05. 
Comparisons with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex. Hb: Hemoglobin; PCV: Packed 
Cell Volume, RBC: Red Blood Corpuscles, MCH: Mean Corpuscular Hemoglobin, MCV: Mean Corpuscular Volume, MCHC: Mean Corpuscular Hemoglobin 
Concentration, TLC: Total leukocyte (White Blood Corpuscles) count, N: Neutrophils, L : Lymphocytes, M : Monocytes, E: Eosinophils, B : Basophils, APTT: Activated 
Partial Thromboplastin Time, PT.: Prothrombin time.

Parameters
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Total Protein (g/dL) 7.20 ± 0.34 7.24 ± 0.19 7.02 ± 0.18 6.96 ± 0.19 6.86 ± 0.26 6.90 ± 0.22
Albumin (g/dL) 1.30 ± 0.16 1.30 ± 0.10 1.38 ± 0.04 1.30 ± 0.07 1.30 ± 0.07 1.34 ± 0.09
Globulin (g/dL) 5.90 ± 0.27 5.94 ± 0.11 5.64 ± 0.18 5.66 ± 0.21 5.56 ± 0.23 5.56 ± 0.22
ALT(IU/L) 37.60 ± 7.92 41.40 ± 10.64 33.40 ± 3.78 30.80 ± 3.83 36.80 ± 6.91 31.00 ± 4.06
AST (IU/L) 87.00 ± 12.41 87.40 ± 3.36 83.20 ± 17.24 79.80 ± 4.09 78.20 ± 12.54 80.40 ± 13.54
ALP (IU/L) 135.00 ± 12.41 123.00 ± 17.01 130.80 ± 21.03 134.80 ± 25.07 118.60 ± 26.33 104.00 ± 10.32
Glucose (mg/dL) 95.60 ± 10.16 92.40 ± 9.21 83.20 ± 6.18 98.20 ± 8.67 99.80 ± 6.76 104.60 ± 4.98
BUN (mg/dL) 22.60 ± 3.85 19.40 ± 0.89 17.00 ±1.22* 17.00 ±2.35* 25.40 ± 3.21 20.80 ± 2.05
Urea (mg/dL) 48.36 ± 8.23 41.52 ± 1.91 36.38 ±2.62* 36.38 ±5.02* 54.36 ± 6.87 44.51 ± 4.39
Creatinine (mg/dL) 0.50 ± 0.06 0.46 ± 0.07 0.43 ± 0.04 0.47 ± 0.08 0.49 ± 0.03 0.51 ± 0.04
Cholesterol (mg/dL) 58.00 ± 11.07 62.80 ± 5.76 65.20 ± 13.83 59.00 ± 7.31 60.00 ± 4.18 52.60 ± 5.46
GGT (IU/L) 6.20 ± 0.45 6.20 ± 0.84 6.20 ± 0.84 5.80 ± 0.45 5.400 ± 1.14 5.20 ± 0.45
Total bile acid 
(µmol/L) 26.31 ± 13.65 14.15 ± 5.13 27.73 ± 11.3 28.93 ± 3.43 37.50 ± 20.8 19.29 ± 8.44

Triglyceride (mg/dL) 70.60 ± 12.70 85.00 ± 28.45 84.00 ± 9.87 65.40 ± 14.98 72.60 ± 25.9 60.00 ± 8.83
Total Bilirubin (mg/
dL) 0.12 ± 0.04 0.16 ± 0.05 0.10 ± 0.00 0.10 ± 0.00 0.14 ± 0.05 0.10 ± 0.00

Na (mmol/l) 148.60 ± 1.14 148.20 ± 0.84 148.00 ± 1.41 146.60 ± 0.89 144.20 ± 0.84 144.60 ± 1.14
K (mmol/l) 5.04 ± 0.22 5.16 ± 0.19 5.02 ± 0.16 4.96 ± 0.53 5.00 ± 0.31 5.00 ± 0.46
CA (mg/dL) 10.34 ± 0.24 10.20 ± 0.22 10.70 ± 0.23 10.38 ± 0.64 10.10 ± 0.32 10.38 ± 0.13
P (mg/dL) 7.26 ± 0.67 6.72 ± 0.59 6.96 ± 0.21 7.54 ± 0.87 6.50 ± 0.46 6.16 ± 0.7
A/G ratio (g/dL) 0.22 ± 0.03 0.22 ± 0.01 0.24 ± 0.01 0.23 ± 0.02 0.23 ± 0.01 0.24 ± 0.02

Table 5. Blood biochemistry during 28 days repeated dose intranasal toxicity study (male rats).

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. * P < 0.05. 
Comparisons with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex. ALT: Alanine Aminotransferase, 
AST: Aspartate Aminotransferase, ALP: Alkaline Phosphatase, BUN: Blood Urea Nitrogen, GGT: Gamma Glutamyl Transferase, Na: Sodium, K: Potassium, CA: 
Calcium, P: Phosphorus, A/G ratio: Albumin to Globulin ratio.
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Parameters
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Total Protein (g/dL) 7.38 ± 0.28 7.3 ± 0.34 7.46 ± 0.21 7.28 ± 0.30 7.60 ± 1.42 7.00 ± 0.91
Albumin (g/dL) 1.48 ± 0.08 1.46 ± 0.15 1.40 ± 0.00 1.40 ± 0.10 1.50 ± 0.23 1.32 ± 0.28
Globulin (g/dL) 5.90 ± 0.21 5.84 ± 0.24 6.06 ± 0.21 5.88 ± 0.29 6.10 ± 1.19 5.68 ± 0.77
ALT(IU/L) 23.20 ± 5.63 23.40 ± 4.16 25.00 ± 4.12 23.40 ± 5.41 25.80 ± 8.87 28.20 ± 9.68
AST (IU/L) 77.20 ± 10.06 79.00 ± 14.51 86.40 ± 20.61 79.20 ± 9.68 85.20 ± 14.84 128.20 ± 74.51
ALP (IU/L) 60.00 ± 8.4 71.60 ± 5.41 72.00 ± 12.79 62.60 ± 12.88 54.40 ± 9.24 93.60 ± 58.29
Glucose (mg/dL) 107.60 ± 5.32 108.60 ± 3.85 101.00 ± 6.2 106.00 ± 13.27 78.40 ± 18.12 80.40 ± 23.92
BUN (mg/dL) 21.20 ± 2.39 18.80 ± 2.77 19.20 ± 1.3 19.20 ± 2.59 21.20 ± 2.59 17.20 ± 5.12
Urea (mg/dL) 45.37 ± 5.11 40.23 ± 5.94 41.09 ± 2.79 41.09 ± 5.54 45.37 ± 5.54 36.81 ± 10.95
Creatinine (mg/dL) 0.46 ± 0.05 0.49 ± 0.06 0.50 ± 0.05 0.46 ± 0.07 0.58 ± 0.14 0.66 ± 0.11
Cholesterol (mg/dL) 46.60 ± 6.19 50.6 ± 6.02 55.00 ± 15.6 55.80 ± 9.55 54.40 ± 3.91 58.00 ± 12.63
GGT (IU/L) 5.40 ± 1.14 7.00 ± 0.71 7.20 ± 0.45 5.20 ± 0.84 5.40 ± 0.55 6.80 ± 0.84
Total bile acid 
(µmol/L) 22.13 ± 13.7 29.49 ± 21.5 28.70 ± 20.17 19.95 ± 8.02 16.47 ± 10.45 13.69 ± 4.49

Triglyceride (mg/dL) 66.00 ± 19.05 46.00 ± 6.60 44.40 ± 7.20 51.80 ± 23.24 73.80 ± 2.86 49.00 ± 20.72
Total Bilirubin (mg/
dL) 0.16 ± 0.05 0.14 ± 0.05 0.10 ± 0.00 0.14 ± 0.05 0.16 ± 0.11 0.16 ± 0.05

Na (mmol/l) 143.40 ± 2.51 142.60 ± 0.55 145.40 ± 0.89 145.00 ± 1.73 153.40 ± 5.08 154.80 ± 11.43
K (mmol/l) 5.10 ± 0.36 4.96 ± 0.50 5.28 ± 0.31 5.04 ± 0.26 5.02 ± 0.49 5.28 ± 0.63
CA (mg/dL) 10.68 ± 0.11 10.70 ± 0.26 10.92 ± 0.2 10.56 ± 0.36 11.32 ± 0.66 9.12 ± 1.22
P (mg/dL) 5.38 ± 0.36 5.52 ± 0.51 6.02 ± 0.81 5.94 ± 0.27 6.100 ± 1.51 6.50 ± 2.66
A/G ratio (g/dL) 0.25 ± 0.01 0.25 ± 0.02 0.23 ± 0.01 0.24 ± 0.02 0.25 ± 0.02 0.23 ± 0.05

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. Comparisons 
with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex. ALT: Alanine Aminotransferase, AST: Aspartate 
Aminotransferase, ALP: Alkaline Phosphatase, BUN: Blood Urea Nitrogen, GGT: Gamma Glutamyl Transferase, Na: Sodium, K: Potassium, CA: Calcium, P: 
Phosphorus, A/G ratio: Albumin to Globulin ratio.

Table 6. Blood biochemistry during 28 days repeated dose intranasal toxicity study (Female rats).

Parameters
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Adrenals 0.016 ± 0.003 0.019 ± 0.002 0.019 ± 0.002 0.017 ± 0.001 0.017 ± 0.002 0.019 ± 0.001

Testes 1.19 ± 0.13 1.19 ± 0.22 1.25 ± 0.11 1.11 ± 0.03 1.08 ± 0.07 1.03 ± 0.21
Kidneys 0.78 ± 0.10 0.72 ± 0.04 0.76 ± 0.08 0.73 ± 0.05 0.65 ± 0.01 0.7 ± 0.08

Liver 3.14 ± 0.40 3.00 ± 0.23 3.01 ± 0.28 2.95 ± 0.29 2.68 ± 0.16 2.69 ± 0.25
Brain 0.78 ± 0.07 0.77 ± 0.04 0.78 ± 0.09 0.73 ± 0.02 0.65 ± 0.04 0.70 ± 0.09

Thymus 0.17 ± 0.03 0.15 ± 0.01 0.16 ± 0.04 0.17 ± 0.02 0.18 ± 0.02 0.15 ± 0.01
Heart 0.35 ± 0.03 0.32 ± 0.01 0.33 ± 0.03 0.30 ± 0.02 0.33 ± 0.03 0.34 ± 0.02
Spleen 0.22 ± 0.03 0.23 ± 0.05 0.19 ± 0.03 0.19 ± 0.02 0.22 ± 0.02 0.22 ± 0.03

Epididymis 0.36 ± 0.06 0.36 ± 0.05 0.37 ± 0.07 0.34 ± 0.02 0.39 ± 0.03 0.46 ± 0.04

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. Comparisons 
with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex.

Table 7. Relative organ weights (g) during 28-days repeated-dose intranasal toxicity study (Male rats).

Parameters
Group

VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Adrenals 0.038 ± 0.005 0.038 ± 0.01 0.036 ± 0.004 0.037 ± 0.006 0.032 ± 0.003 0.033 ± 0.003
Ovaries 0.066 ± 0.008 0.071 ± 0.007 0.08 ± 0.012 0.071 ± 0.014 0.068 ± 0.005 0.071 ± 0.021
Kidneys 0.78 ± 0.06 0.83 ± 0.13 0.85 ± 0.14 0.88 ± 0.17 0.81 ± 0.13 0.78 ± 0.05

Liver 2.98 ± 0.23 3.17 ± 0.27 3.17 ± 0.25 3.24 ± 0.46 3.03 ± 0.18 2.98 ± 0.30
Brain 1.11 ± 0.06 1.06 ± 0.06 1.12 ± 0.04 1.14 ± 0.14 1.01 ± 0.07 0.98 ± 0.06

Thymus 0.28 ± 0.03 0.29 ± 0.04 0.3 ± 0.06 0.31 ± 0.07 0.22 ± 0.02 0.20 ± 0.04
Heart 0.40 ± 0.08 0.42 ± 0.07 0.40 ± 0.05 0.37 ± 0.05 0.36 ± 0.02 0.35 ± 0.02
Spleen 0.26 ± 0.02 0.25 ± 0.02 0.26 ± 0.02 0.28 ± 0.05 0.23 ± 0.03 0.23 ± 0.04
Uterus 0.32 ± 0.07 0.29 ± 0.02 0.30 ± 0.06 0.34 ± 0.06 0.30 ± 0.04 0.29 ± 0.03

Table 8. Relative organ weights (g) during 28-days repeated-dose intranasal toxicity study (Female rats).

Data was represented as Mean ± Standard Deviation (SD). Data on all parameters were evaluated by One way ANOVA followed by Dunnett’s test. Comparisons 
with respective days are as follows: IND02-20, IND02-50, and IND02-100 V/s. VC; IND02-100-R V/s. VC-R, n= 5/sex.
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Group VC IND02-20 IND02-50 IND02-100 VC-R IND02-100-R
Dose (mg/kg) 0 µg/rat/day 20 µg/rat/day 50 µg/rat/day 100 µg/rat/day 0 µg/rat/day 100 µg/rat/day
          (Rev -43) (Rev -43)
Sex M F M F M F M F M F M F
Organs/lesions NAD NAD 4/5 NAD NAD NAD NAD NAD NAD NAD NAD NAD
Testes
Undersized, 
underweight, unilateral

- - 1/5 - - - - - - - - -

Epididymis
Undersized, 
underweight, unilateral

- - 1/5 - - - - - - - - -

M = Male, F = Female, NAD = No Abnormality Detected
A few incidental pathological treatment findings unrelated to treatments (unilateral undersized and underweight testes and epididymis) were found. The 
summary of the histopathological changes noticed in organs of individual animals has been tabulated in Table 10. 

Table 9. Summary of gross pathology findings.

Sex Male Female   Sex Male Female

Group
G1 G5 G1 G5  

Group
G1 G5 G1 G5

VC IND02-100 VC IND02-100   VC IND02-100 VC IND02-100 
Number of rats  
Examined 5 5 5 5   Number of rats  

Examined 5 5 5 5

Lungs   Prostate
Infiltration, lymphoid,  
minimal 1 NAD NAD NAD   Infiltration, lymphoid,  

interstitial, minimal 1 NAD - -

Heart   Epididymides
Infiltration, inflammatory cell, 
myocardium, minimal 2 1 1 NAD   Infiltration, lymphoid,  

minimal 1 NAD - -

Adrenal   Stomach
Vacuolation, cortical, minimal 3 1 NAD NAD Glandular dilation NAD 1 1 NAD
Cyst, capsule NAD NAD NAD 1   Cyst NAD NAD 1 NAD
Liver   Thyroid
Infiltration, lymphoid, minimal 1 1 2 3   Cystic glands NAD NAD 1 NAD
Kidneys   Rectum
Infiltration, lymphoid,  
interstitial, minimal NAD 1 NAD NAD   Hyperplasia,  

Lymphoid, mild 1 NAD NAD 1

Eyes   Mandibular Lymph node

Retinal rosettes 1 2 NAD NAD Hyperplasia, lymphoid,  
follicular, mild NAD NAD 1 NAD

Retinal folds 1 NAD NAD NAD   Plasmacytosis, mild NAD NAD 1 NAD
Pituitary   Jejunum
Cysts, multiple 2 1 2 3   Hyperplasia, Lymphoid, mild NAD NAD NAD 1
Thymus Spleen
Cyst NAD NAD 1 NAD Lymphoid atrophy NAD 1 NAD NAD
Abdominal skin Uterus
Infiltration, lymphoid, intramuscular, 
minimal NAD NAD NAD 1 Epithelial vacuole - - NAD 1

Trachea Nasal passage
Dilation, glandular, minimal 1 NAD NAD NAD Hyperplasia, goblet cell, minimal 5 5 5 5

Table 10. Summary of histopathology findings.

NAD = No Abnormality Detected. 

during the present study. All the values in both IND02-NS or VC 
groups during laboratory evaluations were found within the normal 
ranges of historical values of performing laboratory. The incidental 
and reversible changes were found in IND02-NS treated rats in some 
hematology parameters. However, the changes were reversible and not 
dose- or gender- or treatment-dependent. For example, mild reversible 
changes in prothrombin time in 100 µg/rat/day males were found but 
not in female rats were found.

Similarly, a significant increase in eosinophil count in dose level of 
50 µg/rat/day in IND02-NS treated female rats but not in male rats in 
any dose levels. There were a significant decrease in urea and blood 

urea nitrogen levels in 50 µg/rat/day and 100 µg/rat/day dose levels. 
However, these changes were not correlated to changes in urinalysis, 
gross pathology, or histopathology of kidneys. 

The effects of intranasal IND02-NS administration on the 
histopathology of the nasal passage (nasopharyngeal tissues up to 
4 levels, one level each to include nasopharyngeal duct and nasal-
associated lymphoid tissue) was evaluated during the present study. 
The minimal level of goblet cell hyperplasia observed in the respiratory 
epithelium lining the nasal septum (level 1)of the nasal passage Such 
observations are expected as an adaptive response to intranasal 
exposure and not considered to be toxicologically relevant. Taken 
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together, intranasal IND02-NS administration at and up to the dose of 
100 µg/rat/day throughout 28 days did not induce any significant gross 
pathological or histopathological changes. Therefore, the dose level of 
100 µg/rat/day can be considered the no-adverse-event-level (NOAEL) 
for intranasal IND02-NS administration.

Plant-based polyphenols, particularly proanthocyanins, have 
exhibited a wide range of pharmacological actions, including 
antioxidant, anticarcinogenic, cardioprotective, antibacterial, antiviral, 
and neuroprotective properties 42. Safety of orally administrated 
polyphenols from various plant extracts has been reported in the past 43-

45. The acute oral administration of polyphenol based green tea extract 
showed a median lethal dose (LD50) greater than 2,170 mg/kg in mice 
43 with a NOAEL greater than 2,500 mg/kg in mice for 28 days with 
no mortality or signs of toxicity 44. Past report on polyphenols-based 
apple extract showed no significant hematological, clinical, chemical, 
histopathological, or urinary effects at a 2000 mg/kg dose during an 
acute oral-toxicity test and 90-day subchronic-toxicity test 45. To our 
knowledge, the present study is the first to demonstrate the safety of 
polyphenols-based cinnamon bark extract on intranasal administration 
at the MTD of 100 µg/rat (acute toxicity test) and NOAEL of 100 µg/
rat/day (28-day repeated dose toxicity study).

Anosmia (loss of the sense of smell, either total or partial) or hyposmia (a 
reduced ability to smell and to detect odors) are some of the conditions 
experienced by patients involving nasal infection or blockage of the 
nose such as allergies, nasal polyps, viral infections and head trauma 
46. Furthermore, irritant chemicals such as zinc may affect the olfactory 
nerve resulting in altered smell 47-49. Therefore, the ability to maintain a 
sense of smell is an essential safety characteristic of nasal products. The 
buried food test is a reliable protocol for the sense of smell evaluations 
37, 50 that relies on animal's natural tendency to use olfactory cues 
for foraging and the ability to smell volatile odors 37. The rats can 
discriminate between specific odors and have spatial navigation 
towards them 51. In the present study, intranasal subacute (28-days) 
administration of IND02-NS (up to 100 µg/rat/day) did not have 
any effect on the sense of smell in rats during the buried food test.

CONCLUSION
The present study demonstrated the safety of intranasal acute and 
subacute (28-day repeated dose) administration of polyphenols based 
standardized cinnamon bark extract (IND02-NS) without any effect 
on the sense of smell in laboratory rats. The maximum tolerated dose 
during acute intranasal administration of IND02-NS was found to 
be greater than 100 µg/rat. The no-adverse-event level of intranasal 
administration of IND02-NS for 28 days to rats was found to be equal 
to or greater than 100 µg/rat/day.
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GRAPHICAL ABSTRACT

SUMMARY

•	 Acute and subacute (28-days) intranasal toxicity of standardized cinnamon bark extract (IND02-NS) in rats were 
evaluated

•	 The acute maximum tolerated dose (MTD) of intranasal IND02-NS was greater than 100 µg/rat/day.

•	 No observed adverse effect level (NOAEL) of subacute intranasal IND02-NS was greater than 100 µg/rat/day. 

•	 IND02-NS was found safe at a dose of 100 µg/rat/day during acute and subacute (28 days repeated dose) 
intranasal administration in rats.
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