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Abstract
Experiencing complications within the first two weeks after stroke leads to a high risk of mortality and length of hospital-
ization. The present pilot study was intended to investigate the hypothesis that adult patients treated with safflower or not 
would present with fewer neurological complications following 15 days. In a randomized controlled trial, subjects diagnosed 
with ischemic cerebrovascular accident (CVA) based on focal neurological findings on brain imaging who met the inclusion 
criteria of our study were recruited from Ghaem Hospital, Mashhad, Iran, between 2016 and 2017. Thirty-six patients were 
included in the survey and randomly allocated into treatment (A) and control (B) groups. An oral syrup of safflower extract 
and nasal drop of safflower oil were additionally prescribed for group A. Group B only received a standard anti-ischemic 
regimen. The primary outcome measure was the National Institutes of Health Stroke Scale score (NIHSS) over 15 days. 
Safflower treatment led to a notably higher mean difference in the NIHSS score between the baseline score and 15-day 
post-treatment score in group A in comparison to group B (p < 0.001). However, adjustment for covariates (age, gender, and 
baseline measures) showed no significant reduction in neurological status between them (p = 0.340). There was a statistically 
significant difference in neurological symptom scores between the groups (p = 0.044). Based on this pilot study, adjuvant 
treatment with safflower in addition to the standard anti-ischemic regimen can be more effective than individual convention-
al drugs for treating ischemic CVA among adults. 

Keywords: Traditional medicine; Carthamus tinctorius; Stroke; Controlled randomized trial

*Corresponding Author: Elahe Delshad
Department of Persian Medicine, School of Persian and Complementary Medicine, Mashhad University of Medical Sciences, Mashhad, Iran
Tel: 985138829279
Email: delshade2018@gmail.com

1Traditional & Integrative Medicine 2022, Vol. 7, No. 1

http://jtim.tums.ac.ir

TRADITIONAL AND INTEGRATIVE MEDICINE
Trad Integr Med, Volume 7, Issue 1, Winter 2022 Original Research

Chitosan Nanoparticles Containing Cinnamomum verum J.Presl 
Essential Oil and Cinnamaldehyde: Preparation, 

Characterization and Anticancer Effects against Melanoma and 
Breast Cancer Cells

Kamyar Khoshnevisan1,2, Hiva Alipanah3, Hadi Baharifar4,
 Negar Ranjbar5, Mahmoud Osanloo6*

Traditional & Integrative Medicine

1Medical Nanotechnology and Tissue Engineering Research Center, Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran
2Department of Tissue Engineering and Applied Cell Sciences, School of Advanced Technologies in Medicine, 
Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Department of Physiology, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran
4Department of Medical Nanotechnology, Applied Biophotonics Research Center, Science and Research Branch, 
Islamic Azad University, Tehran, 1477893855, Iran
5Department of Medicine, School of Medicine, Fasa University of Medical Sciences, Fasa, Iran
6Department of Medical Nanotechnology, School of Advanced Technologies in Medicine, Fasa University of Med-
ical Sciences, Fasa, Iran

Received: 30 May 2021                       Revised:14 Jul 2021                       Accepted: 16 Jul 2021

Abstract

Cancer is the second leading cause of death worldwide, and due to the emergence of 
resistance to synthetic drugs in different cancers, developing new green drugs have be-
come crucial. In this study, chitosan nanoparticles containing Cinnamomum verum J.Presl 
essential oil and cinnamaldehyde (major ingredient) were first prepared. The obtained 
nanoparticles were then characterized using Dynamic Light Scattering (DLS), Transmis-
sion electron microscopy (TEM), and Attenuated Total Reflection-Fourier Transform In-
fraRed (ATR-FTIR). After that, anticancer effects of the as-prepared nanoparticles were 
investigated. IC50 values of chitosan nanoparticles containing the essential oil were ob-
served at 79 and 112 µg/mL against A-375 and MDA-MB-468 cells, respectively. These 
values for chitosan nanoparticles containing cinnamaldehyde were obtained at 135 and 
166 µg/mL. The results of the current study indicated that chitosan nanoparticles contain-
ing C. verum essential oil can inhibit the growth of human melanoma (A-375) and breast 
cancer (MDA-MB-468) cells.
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Introduction
Cerebrovascular diseases are reported as the second 
cause of death and the first cause of disability across 

the globe [1]. Stroke is known as the third cause of 
death following myocardial infarction and cancer 
worldwide [2]. According to current statistics, there 
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is one death every four minutes due to stroke in the 
United States of America [3]. Recently, the number 
of people afflicted with stroke has been on a sharp 
rise in developing countries [4]. The recent studies 
have highlighted the growing incidence and mortal-
ity rate of stroke among young adults, which, in turn, 
necessitates the significance of planning and manage-
ment for the prevention and treatment of this disease 
[5]. Brain ischemia is one of the common causes of 
disability in adulthood and is estimated to affect 23 
million patients all over the world by 2030. It also in-
duces enormous costs for an individual, as well as the 
country’s health system besides changes in the quality 
of life and is associated with different adverse effects, 
including motor paralysis, mental disorders, and even 
death. Despite the state-of-the-art advances in basic 
knowledge and therapeutic methods of stroke, its in-
cidence is still increasing [6-8].
These reasons signify the importance and necessity 
of more efforts for effective treatment in this regard. 
This cerebrovascular disease develops following in-
sufficient blood flow in the brain. Disturbances in the 
blood flow may lead to reduced brain function, death 
of some cells, and stroke [9]. This decline in the cer-
ebral blood flow can arise from thrombosis, arterial 
emboli, or hemorrhage [9]. From a pathologic view in 
modern medicine, there are two main mechanisms for 
stroke: ischemia and hemorrhage. The former mech-
anism includes emboli, thrombosis, and a decrease in 
the systemic blood flow [10,11]. Of stroke cases, 85% 
have been related to ischemic causes [12]. 
Vascular obstruction causes the interrupting cerebral 
blood flow in ischemic stroke. Consequently, a com-
plex multistage pathophysiologic process occurs at 
the cellular and tissue levels, which is known as an is-
chemic cascade [10,11]. Moreover, a complex of dif-
ferent reactions occurs in neurons including inflam-
matory pathways, ionic imbalance, apoptosis, and so 
forth. These mechanisms at two stages induce cellular 
and tissue impairments. The first stage is ischemic due 
to reduced blood flow at the target site. The second 
stage, known as reperfusion, commences due to the 
return of blood flow from the tissue [13,14]. Ischem-
ic stroke and the subsequent reduction or blockage of 
local blood flow impose damage and death upon those 
cells at the core area where blood flow is blocked. On 
the contrary, those cells at the penumbra also under-
go damage and fail to a normal function but are still 
alive. Therefore, they can be recovered through anti-
oxidant drugs following tissue reperfusion [15].
Accordingly, what is of utmost importance for the 
effective treatment of disability caused by ischemic 
stroke is early reperfusion to reduce infarction size 
after local blood flow blockage [16]. Currently, the 
most effective therapeutic method is intravenous tis-
sue plasminogen activator (TPA) injection within 

three hours of symptom onset, which is not possible 
for all patients [17, 18]. Furthermore, fibrinolytic 
agents, such as streptokinase and urokinase, are not so 
effective and have some limitations, adverse effects, 
and mortality risk [19-21].
Considering the complicated pathophysiology and 
several mechanisms behind stroke or a cerebrovas-
cular accident (CVA), applying only one therapeutic 
strategy would not be so effective and thus combin-
ing thrombolytic therapy with protective treatments as 
other potential supplemental alternatives seems more 
effective [2]. Given the increasing incidence of stroke 
[23], adverse effects [24], and high cost of physiother-
apy and rehabilitation interventions [25], employing 
supplemental treatments in association with modern 
medicine is recommended [26]. Alternative therapy 
based on herbal medicine gives rise to promising re-
sults [27]. Herbal agents with relative safety can be 
used in addition to chemicals with adverse effects and 
incomplete effectiveness [28]. They not only display 
synergistic effects with chemicals, but also negate 
their toxicity consequences [28-30].
In Persian medicine, a subcategory of eastern tradi-
tional medicine, some herbs are available that can be 
associated with modern medicine to effectively treat 
stroke and its subsequent disability [31]. In the past, 
physicians knew about cerebrovascular disorders, 
namely stroke. Most present knowledge and theories 
are founded on such traditional knowledge [9]. Con-
sidering the pathophysiology related to stroke and 
the mechanisms responsible for clot formation and 
blockage of blood flow, it is more likely that diluents 
and anticoagulants mentioned in Persian medicine re-
sources can be utilized as an effective treatment [9]. 
In the ischemic process, the generation of free radicals 
increases that culminates in elevated intermolecular 
oxidation, cellular impairment, and cell death. The 
use of some herbaceous species and natural products 
with antioxidant properties can afford to prevent oxi-
dative stress caused by free radicals [32-34]. Of herbs 
addressed in traditional medicine resources with anti-
oxidant as well as anticoagulant activities, safflower 
(Carthamus tinctorius L.) [35,36], which has three 
vernacular names in the Persian language, i.e. Gol-
rang, Kajireh, or Kazireh, belongs to the Compositae 
family [37]. It has been indicated that the dried floret 
of C. tinctorius known as Carthami flos could treat 
coronary heart disease, angina pectoris, gynecologic 
diseases, stroke, and hypertension [38]. Moreover, the 
effect of red safflower on patients with acute ischemic 
stroke was studied previously. It was found that red 
safflower could improve neurologic functional defi-
cits [39]. There are two reports from China highlight-
ing the notable effectiveness of safflower yellow and 
hydroxysafflor yellow A for acute ischemic stroke 
against ginkgo leaf and dipyridamole [40,41]. The 
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lack of evidence from a randomized controlled trial 
provides the basis for the present study to compare the 
combined treatment of common anti-ischemic drugs 
and safflower in patients with ischemic CVA com-
pared to the individual anti-ischemic drugs.

Materials and Methods

Participants 
The ethics committee of Mashhad University of 
Medical Sciences approved this study (IR.MUMS.
REC.1394.555). The written consent was taken from 
all participants after an explanation of goals and inter-
ventions for the session. The consolidated standards 
of reporting trials (CONSORT) guidelines were also 
adopted to describe the outcomes of this study. The 
sampling method was convenient. In a single-blind 
clinical pilot trial among 80 patients referred by the 
Department of Neurology, Ghaem Hospital in Mash-
had, Iran, 36 subjects met the inclusion criteria and 
were enrolled in the study. Subjects then were ran-
domly divided into the intervention group with 17 
patients (group A), and the others (19 cases) were 
considered as the controls (group B). The sample size 
was calculated based on the rule of thumb proposed 
by Browne [42] for the primary outcome (National In-
stitutes of Health Stroke Scale, NIHSS) score between 
1 and 24, considering a significance level of 0.05 (α 
= 0.05), a test power of 64%, and drop-outs of 55%. 
Patients diagnosed with CVA according to clinical 
examinations and CT scans were recruited. Indeed, 
within one week after hospitalization for stroke, they 
were recruited and then randomized in the two groups. 
Afterwards, the pertinent questionnaire was filled out 
for each patient. 
Inclusion criteria were focal neurological findings 
on brain imaging consistent with the diagnosis of is-
chemic CVA. The following factors would rule out 
the patients’ participation: 
Inability to read and sign a written informed consent 
form, lack of consciousness, intravenous recombi-
nant TPA treatment due to focal neurological symp-
toms, transient ischemic attack with normal imaging 
that improves symptoms less than 24 h, NIHSS score 
with a bad prognosis (> 24), pregnancy (due to the 
teratogenic side effects of safflower), any evidence of 
intracranial hemorrhage, taking anticoagulants (i.e., 
heparin or warfarin), venous infarction following 
venous sinus thrombosis, chronic systemic diseases, 
such as chronic liver disease, uremia, and progressive 
stages of blood disease that might influence our ther-
apeutic protocol or the intervention could aggravate 
these medical conditions. 
The eligible patients were then allocated into groups 
A and B using a random digit table. Randomization 
was concealed. The treatment assignment was not 

blinded. The latter group (B) served as the control 
group undergoing interventions of common anti-is-
chemic drugs (modern medicine); while their peers in 
group A were treated with interventions of traditional/
modern medicine. Of 36 patients in this study, 17 were 
assigned to group A, and the other remaining was con-
sidered the control. As many as 7 cases in group A 
failed to complete the study (Figure 1). 

Interventions 
Group B received the common anti-ischemic drugs, 
including aspirin (325 mg/day; Hakim Co., Iran), 
atorvastatin (20 mg/day; Hakim Co., Iran), and pi-
racetam (800 mg/day; Hakim Co., Iran) in case of 
low creatinine level for 15 days. Besides, traditional 
medicine-based therapy in the form of oral syrup of 
safflower extract and nasal drop of safflower oil was 
additionally prescribed for group A. 
Essential recommendations, treatment instruction, and 
applicable dosage were explained to the patients both 
verbally and in writing. Safflower was purchased from 
Isfahan, Iran and then authenticated by botanist from 
Mashhad University of Medical Sciences, Mashhad, 
Iran (Herbarium Number: 4793). The hydroethanolic 
extract of safflower was prepared and administered in 
25% syrup. The patients in group A orally received 5 
mL of this syrup every 12 h (that is, 2.5 g/day) over 
15 days. A total of 12 g of safflower oil was given in a 
dose of 3 drops (i.e., 2 g) every 4 h for 15 days. Note-
worthy, the administration of safflower below 3 g/day 
was permitted [43]. 
A researcher was in charge of patient visits with further 
control for adherence to the instructions. Fifteen days 
later, they were directly examined. Telephone calls 
and clinical examinations were performed consider-
ing the participant’s age category, using the NIHSS 
questionnaire at irregular intervals until the end of the 
treatment. They were allowed to come back for their 
complications. There was no follow up of the patients. 
NIHSS questionnaire quantitatively measures the neu-
rological disorders of stroke, assessing 11 variables, 
namely level of consciousness, eye movements, visual 
fields, facial palsy, motor arm, motor leg, ataxia, dys-
arthria, sensory loss, speech, and inattention [44]. The 
measurement was performed before and following the 
intervention. Researchers responsible for data collec-
tion and analysis were blind to group allocation and 
relevant interventions. 

Statistical analysis
Given that the sample size was small and attrition 
might occur because of patients withdrawing from 
the study, there was a high risk of bias. Data analy-
ses were carried out based on an intention-to-treat to 
overcome high and unbalanced drop-out rates. Com-
parison tests, including independent-group t-test and 
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paired t-test were carried out using Statistical Package 
for the Social Sciences (SPSS) software. Age, gender, 

and baseline measures of NIHSS were considered as 
covariates. A p value of less than 0.05 was considered 
statistically significant.

Figure 1. CONSORT flow diagram of the progress through the phases of a one-blind clinical pilot trial of two groups
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Results
Of 36 patients recruited in this study, almost half was 
allocated in group A to receive the traditional medic-
inal intervention along with conventional treatments. 
Their counterparts in group B as the controls (52.8%) 
were instructed to use the modern medicinal treat-
ment. It was demonstrated that the two groups were 

comparable in terms of age, gender, and clinical char-
acteristics, such as high blood pressure and diabetes 
(p > 0.05) (Table 1). The study also showed a high 
drop-out rate (19.4%) among these patients. There-
fore, the baseline measures of NIHSS, age, and gender 
had no significant effects on the patients’ response to 
the treatment.

Variable Group A (n = 17) Group B (n = 19) p value

Age (Mean ± SD) 72.3 ± 12.0 76.3 ± 9.8 0.10

Males, n (%) 13 (76.5) 12 (63.1) 0.35

High blood pressure, n (%) 10 (58.8) 12 (63.1) 0.31

Diabetes, n (%) 5 (29.4) 4 (21.0) 0.09

Dyslipidemia, n (%) 7 (41.2) 8 (42.1) 0.91

Smoking, n (%) 3 (17.6) 2 (10.5) 0.58

BMI > 30 2 (11.8) 3 (15.8) 0.42

Table 1. Demographic characteristics of the participants at enrolment 
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The leading outcome in this study was the NIHSS to-
tal score, which evaluates the level of consciousness, 
eye movements, visual fields, facial palsy, motor arm, 
motor leg, ataxia, dysarthria, sensory loss, speech, and 
inattention. The mean scores of the NIHSS at baseline 
and after 15 days were 12.5 ± 4.6 for the treatment 
group (A) and 15.0 ± 4.2 for the control group (B) 
(Table 2). All these subjects were at the moderate se-
verity of NIHSS scores before and following the inter-
vention. It was evident that the higher the score, the 
more severe the participants’ condition. No significant 

Variable Group A (n = 10) Group B (n = 19) p value

Baseline score 12.5 ± 4.6 15.0 ± 4.2 0.096

15-day score 10.5 ± 4.9 13.6 ± 4.1 0.044

Difference 2.0 ± 1.4 1.4 ± 1.0 < 0.001

difference was found between the two groups (p = 
0.096). After the intervention, there was a significant 
difference between post-scores of the study groups 
(p = 0.044). The mean difference in the NIHSS score 
between the baseline score and 15-day post-treatment 
score was considerably higher (p < 0.001) in the inter-
vention group (2.0 ± 1.4) than the controls (1.4 ± 1.0). 
Applying the traditional medicinal intervention was 
associated with a significant reduction in the patients’ 
neurological status. 

Table 2. Comparison of the NIHSS mean scores prior to and following the intervention (Mean ± SD) in this pilot study

During the intervention, seven cases of group A failed 
to complete the study. No adverse effects related to 
the study treatments were observed in both groups. Of 
7 drop-outs in group A, there was only one case of he-
maturia. Also, two patients died on days 8 and 10. The 
other four rejected further involvement in the study on 
days 5, 6, 7, and 10 due to the long distance between 
the residence place and the Department of Neurology.

Discussion
This pilot study was aimed to investigate the effect of 
individual conventional medicine or its combination 
with safflower-based practices on the NIHSS score in 
patients with ischemic stroke. Our findings indicat-
ed combinational therapy significantly decrease the 
scores of NIHSS than the standard treatment. Howev-
er, further adjustment for covariates highlighted that 
the treatment containing safflower was no more ef-
fective than that composed of only modern medicine. 
Ischemic stroke is a pathologic process involving mul-
tiple mechanisms; therefore, an effective treatment 
should be contained supplemental medicine and herb-
al agents in addition to the available options. Safflow-
er presented anticoagulant and antioxidant properties 
with traditional uses for this purpose. Its flower and 
fruit have potent laxative actions [45]. A total of 104 
constituents have been identified in this plant, such 
as alkaloids, flavonoids, aromatic compounds, and so 
forth, that cause different biological effects, includ-
ing dilating coronary artery, improving the immune 
system, anti-thrombosis, and anticoagulation [45]. 
Furthermore, safflower can act as an anti-adhesion 
for platelets, antibacterial agent, anti-inflammation, 
neuronal protection, and analgesic. Safflower oil also 

seems to be beneficial for the prevention and treat-
ment of atherosclerosis, besides sedation of rheumatic 
diseases [46,47]. What is more, its effectiveness for 
ischemia therapy was a recurrent theme in Persian 
medicine. 
Zakaria Razi described the safflower as a diluent and 
emollient in his book “Alhavi” [48]. In traditional 
resources, it was stated that “its nature is warm and 
dry and its strength lasts for three years”. As for its 
characteristics, it was noted that “safflower absolutely 
melts frozen blood”. Also, Hakim Aghili-Khorasani 
in his book “Makhzan- Al’Advieh” maintained that 
safflower is more effective for medical conditions re-
lated to the human head and “a spice melting each 
frozen phlegm” [49].
Herbal medicine so far has explored various plants 
for the treatment of ischemia. Safflower, as a candi-
date for ischemia treatment based on Persian medicine 
in this study, has not shown promising outcomes for 
such conditions and proved to be no more effective 
at therapeutic dosages than the individual treatment 
using modern medicine. A recent in vitro study has re-
vealed that safflower can function as a catalytic agent 
[50]. HSYA (hydroxyl safflower yellow A), an active 
agent in safflower, has been reported to be neuropro-
tective against ischemia, antioxidant, and inhibitory 
against thrombus formation [51]. 
Zhu et al., according to the antithrombotic effect of 
safflower in previous studies, substantiated its neu-
roprotective functions [52]. In a rat model, Luo et al. 
demonstrated that safflower could afford to cause a 
dose-dependent reduction of infarction size in is-
chemic stroke; put differently, the high concentra-
tion of safflower led to a more decreased size [53]. 
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Administering safflower extract after ischemic stroke 
in mice, Zhao et al. indicated its lowering impact on 
ischemia-induced damage and also its protection on 
the brain [54]. Likewise, Yu-Ye et al. observed that 
safflower considerably diminished cerebral edema 
caused by global cerebral ischemia in the case group 
compared with the controls [55]. Wei et al. developed 
a model of ischemia and middle artery occlusion in rats 
and measured chemical neurotransmitters in response 
to safflower. The study demonstrated the antioxidant 
and neuroprotective effects of safflower against is-
chemia, and its capability to attenuate infarction size 
[56]. Another similar study by Ye et al. showed that 
HSYA mitigated the inflammatory reactions follow-
ing ischemia [51]. A model of blood stasis in rats was 
developed by Li et al. to examine the effectiveness of 
carthamins yellow (CY) extracted from safflower. It 
was shown that CY exerted a decreasing impact on 
the whole blood and plasma viscosity, erythrocyte ag-
gregation index, hematocrit, and platelet aggregation. 
On the other hand, CY elevated blood fluidity and in-
duced anticoagulation to some extent [57]. 
Treating rats exposed to middle cerebral artery occlu-
sion and reperfusion with HSYA unraveled ameliora-
tion of blood-brain barrier disruption and brain ede-
ma [58]. Safflower was observed to protect neurons 
against ischemia–reperfusion injury through antiox-
idant activity and inhibition of thrombin production 
[59]. An animal study by Wu et al. indicated that saf-
flower extract at the concentrations of 20, 40, and 80 
mg/kg and aspirin 5 mg/kg increased thrombosis oc-
clusion time. As for the weight of thrombus, safflower 
was more effective than aspirin [60]. Moreover, saf-
flower extract can reduce platelet aggregation caused 
by adenosine diphosphate and blood coagulation. De-
spite the disparity between toxic and therapeutic dos-
es, its application should be avoided during pregnancy 
and lactation [61]. Such beneficial effects of safflower 
on stroke have been also addressed in systematic stud-
ies [62]. More recently, a rat model of ischemia–rep-
erfusion brain injury exposed to safflower presented a 
decrease in the infarction area and neurological defi-
cits. It can afford to lower blood levels of free radicals, 
as well as the expression of tumor necrosis factor-α 
and interleukin-1β [63]. 
All positive outcomes have been found through in vit-
ro and in vivo studies. Therefore, further efforts on a 
human model are required to elucidate the effective-
ness of safflower on stroke. The therapeutic dosage of 
safflower extract is 3 g daily with no noticeable side 
effects or limitations [64]. Other resources reported 
20-40 g of safflower seed as an allowable dose [45]. 
This study was initially conducted on 36 patients, of 
whom 19 persons were allocated in the control group 
(B). As for the intervention group (A), seven failed 
to complete the intervention. Due to the small sam-

ple size, the generalization of these findings needs 
a larger one and more prolonged follow-up. Anoth-
er limitation of the present study regards the partici-
pant’s initial severity of stroke which mostly includ-
ed moderate symptoms. Therefore, it is less likely 
to apply this therapeutic dose for severe symptoms 
(NIHSS score > 24). 
Following the acute phase, patients afflicted with 
stroke improve to some extent in limb movement, 
verbal response, and so forth either spontaneously or 
via rehabilitation interventions, such as physiothera-
py, occupational therapy, and speech therapy that are 
regarded as a part of the stroke natural course, and 
are attributed to regeneration and proliferation of the 
cells at the penumbra. Therefore, NIHSS scores are 
recommended to be measured during long follow-ups 
and compared between the two groups to determine 
the specific effects of this treatment. The limitation of 
research on safflower is related to its formulation. Saf-
flower in the form of the oral syrup has considerable 
coloring effects, which were unpleasant for patients; 
therefore, it should be provided in a capsule form. The 
standard treatment for stroke within 4.5 h of symptom 
onset is antiplatelet drugs, including aspirin. It would 
be in the interest of the reader to further understand 
whether safflower intervenes with such conventional 
therapies and affects their effectiveness biochemically.  

Conclusion
The present study indicated that the combination of 
safflower-based practices with modern therapy could 
be more effective than individual modern medicine 
for reducing the NIHSS scores of ischemic stroke pa-
tients. Further trials using a large sample size using 
different type of safflower extract and dosage are sug-
gested for future studies.
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