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A B S T R A C T   

Ethnopharmacological relevance: Ustukhuddus Alavi is a polyherbal formula which is introduced by Persian 
medicine scholars. It is traditionally used to treat brain disorders and is claimed to do so by preprocessing and 
cleansing the waste products from the brain. According to Persian medicine, the disposal of brain waste products 
is necessary for optimal cognitive performance. 
Aim of the study: Sustaining optimal cognitive performance is crucial for ideal quality of life and higher academic 
achievements in high school students. The objective of this study was to determine the effects of this multi- 
component herbal product on the cognitive performance and salivary cortisol levels of adolescent female 
students. 
Materials and methods: The effect of a 6-week randomly assigned Ustukhuddus Alavi versus placebo adminis-
tration on cognitive performance was assessed by the paced auditory serial addition test (PASAT) at the baseline 
and after the 3- and 6-week intake of Ustukhuddus Alavi or placebo and the one-month follow-up in 86 healthy 
female high school students in grades 10 and 11. Additionally, we measured the levels of salivary cortisol of the 
students pre- and post-intervention. 
Results: Significant mean difference between the Ustukhuddus Alavi and placebo groups in three of the paced 
auditory serial addition test (PASAT) subscales, namely mental health (p-value = 0.006), sustained attention (p- 
value = 0.001) and mental fatigue (p-value = 0.001), were observed after six weeks. We also found a significant 
difference between the mean salivary cortisol level of the two groups after the intervention (p-value = 0.047). 
Conclusions: These findings reveal that the intake of the multi-ingredient herbal product Ustukhuddus Alavi for 
six weeks can be helpful for cognitive function and cortisol levels in female high school students. These positive 
effects seem to be related to the increase in sustained attention and the decrease in mental fatigue.   

1. Introduction 

Cognition consists of several different mental processes such as 
thought, experience, and the senses through which knowledge emerges 
(Puttarak et al., 2017). Cognitive function can be defined as a wide 
variety of mental abilities ranging from memory, language, executive 
function, self-regulation, speed of information processing, attention, and 
concentration, which are essential skills for learning, to psychomotor 
speed and visuospatial skill. Proper cognitive function is necessary for 

awareness of situation, planning, setting one’s goals, and optimal 
functioning in problem-solving along with several other domains in the 
daily life such as physical and mental health, academic success, and 
employment (Borson, 2010; Wagner et al., 2020). 

During the ages of 6–18 years, different levels of cognitive function 
are positively correlated with varying levels of psychological status 
ranging from undesirable emotions like sadness, anxiety, or depression 
and negative perception of the surroundings, others, and self to desirable 
feelings like self-concept and self-confidence which lead to better 
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physical function in later ages (Mezcua-Hidalgo et al., 2019). The 
structure of the different regions of brain, for example, the prefrontal 
cortex, parietal and temporal regions, and their functions such as 
working memory, inhibitory control, and cognitive performance keep 
developing during late adolescence (Carbia et al., 2018). 

Enhancement of cognition in adolescents is linked to neurophysio-
logical brain maturation and cognitive disturbance results in different 
cognitive outcomes in adulthood, all-cause mortality, and cardiovascu-
lar disease risk according to large-scale longitudinal studies in Europe 
and the US (Agha et al., 2019). Dysfunction of cognition in students can 
result in a range of unwanted academic outcomes including detachment 
from school, poor behavior control, discord with teacher or classmates, 
educational failures, and interrupted learning for classmates (Wagner 
et al., 2020). These evidences show the key importance of enhancing 
adolescent students’ cognitive capabilities. 

Students misuse pharmaceutical stimulants to increase productivity, 
particularly to improve attention and concentration, which may lead to 
major health complications (Batistela et al., 2016). Safe alternative 
medications can be recommended to the students who are looking for 
cognition enhancement in a short period and especially during exam 
seasons (Philip et al., 2019). In this context, herbal cognitive enhancers 
which are medically proven to be safe can be a suitable replacement for 
high-risk stimulants to improve the academic performance of students. 

Over the ages, a great number of herbal medications have been 
proposed to improve both cognition and memory in normal subjects and 
also those with dementia (Fernandes et al., 2014). For the review of 
prior related works, we refer the interested reader to the supplementary 
material. 

In Persian medicine, some herbs and herbal preparations are rec-
ommended for the improvement of cognitive performance (Shojaii et al., 
2016). "Ustukhuddus Alavi" is a polyherbal formulation containing 
Lavandula stoechas L. (Ustukhuddus in Persian), Anacyclus pyrethrum 
(L.) Lag., Polypodium vulgare L., Cuscuta epithymum (L.) L., Paeonia 
officinalis L., and Vitis vinifera L. which is processed in honey. 

The formulation of this medication has been explained with detailed 
description of the preparation process in a Persian traditional pharma-
ceutical manuscript named "Qarabadin-e-Azam" (Azamkhan, 1853). In 
another Persian reference book named "Exir-e-Azam", this product is 
indicated to change the matter of excessive "balgham" (phlegm) for 
better excretion from the brain (Jahan, 2008). As a result of this role, 
these two books have suggested this product for several brain disorders. 
Moreover, the excretion of excessive balgham is required for the 
sharpness of mind according to several authoritative books (Ibn-e-Sina, 
2005; Jorjani, 2008). 

The purpose of the present study is to evaluate the efficacy of 
Ustukhuddus Alavi in the cognition enhancement of healthy adolescent 
students by a randomized, double-blind, placebo-controlled clinical trial 
study utilizing paced auditory serial addition test (PASAT) for the 
evaluation of cognitive capacities including mental health, reaction 
time, sustained attention, and mental fatigue. In accordance with pre-
vious research in this area, we measured the salivary cortisol level for 
biological assessment in addition to cognitive performance evaluation. 

2. Materials and methods 

2.1. Participants 

First, four girls’ schools were randomly selected from a list of 
candidate high schools in Yazd, Iran. This list was provided by the Yazd 
education organization from diverse geographical areas, however, most 
of the students who attended the study were of the average sociocultural 
status and economic level. 

In each selected school, we invited all the students in grades 10 and 
11 to participate in the study. Then, the volunteer students from each 
school were randomly partitioned into the intervention and control 
groups. Initially, 134 students volunteered, 86 of whom remained to the 

end of the study. 
The study population consisted of 15–17 years old female high 

school students. We restricted our participants to female students in 
order to control for endocrinologic effects on cognitive performance 
(Chung et al., 2012). 

Inclusion criteria for this study included not using any kind of 
medication, supplements, or herbal medicines within the month before 
participation in the trial or intention to use these medicines or herbal 
extracts during the course of the study. Also, any individuals with a 
history of neurological diseases, endocrine, gastrointestinal, bleeding 
disorders, or chronic illnesses were restricted from taking part in the 
trial. To screen for significant psychiatric problems, we used the 
depression anxiety stress scale (DASS) questionnaire. Students who had 
very severe psychiatric disorders characterized by the very severe scale 
in DASS were excluded at the time of testing. 

The participants were randomly assigned either to the intervention 
(active product) or control (placebo) groups. Permuted-block randomi-
zation was performed using a software program for equal chance of 
allocation to each group. Fig. 1 shows consolidated standards of 
reporting trials (CONSORT) flowchart diagram summarizing the study 
participation from enrolment through analysis. 

2.2. Ethical approval and consent to participate 

This study was conducted in accordance with the ethical principles 
and the national norms and standards for conducting medical research 
in Iran. The study protocol was approved by the research ethics com-
mittee of Shahid Beheshti University of Medical Sciences (Ethics Code: 
IR.SBMU.RETECH.REC.1398.771). Prior to any data collection, all the 
students who voluntarily participated in this study and also their parents 
provided and signed their written informed consent for inclusion. All 
experiments were performed in compliance with the guidelines of the 
declaration of Helsinki and Tokyo for humans. 

2.3. Interventional compound 

The participating students received medication supplied in the form 
of 250 mg capsules containing either Ustukhuddus Alavi or an inert 
placebo. The Ustukhuddus Alavi formulation used in this trial was the 
same commercial formulation that is currently available to the public. 
Each capsule contained dried flowers of L. stoechas, roots of 
A. pyrethrum, rhizomes of P. vulgare, fruits of C. epithymum, roots of 
P. officinalis, and fruits of V. vinifera. This product is commercially 
available in the form of 250 mg capsules manufactured by "Talaye Sabze 
Tooba" company. We refer to the supplementary material for a complete 
analysis of Ustukhuddus Alavi capsule. 

The placebo capsule was identical to the Ustukhuddus Alavi capsule 
in shape, smell, taste, and weight. It was made up of inert Avicel 
microcrystalline cellulose and was prepared by adding edible color 
identical to Ustukhuddus Alavi capsule ingredients. 

2.4. Measures 

In addition to the assessment of cognitive function detailed below, 
students completed two other instruments at the screening evaluation. 
These consist of a questionnaire on demographic information and a 
screen for depression, anxiety, and stress. 

2.4.1. Measures of cognitive performance 
PASAT is utilized to reliably evaluate the cognitive performance 

(Gronwall and Sampson, 1974; Tombaugh, 2006). This research soft-
ware is an effective method to evaluate different aspects of cognitive 
performance. These include sustained attention, working memory, re-
action time, dual processing, speed of data processing like digit retrieval, 
and mathematical operations like summation (Aliyari et al., 2020). 

In this test, the participants heard a single-digit random number from 

S. Tefagh et al.                                                                                                                                                                                                                                  



Journal of Ethnopharmacology 288 (2022) 114971

3

1 to 9 every 3 s for 3 min. The subject had to add together the last pair of 
consecutive numbers and respond the result of summation before the 
next number was announced. Then the examiner calculates different 
performance indicators such as mental health which is defined to be the 
total number of correct answers, sustained attention which is defined to 
be the maximum number of consecutive correct answers, mental fatigue 
which is defined to be the maximum number of consecutive wrong an-
swers, and reaction time which is defined to be the average response 
time after setting the response time for each wrong answer to 3 s even if 
the subject has responded earlier. 

In both intervention and control groups, we have measured the 
cognitive function of students for the selected variables of mental health, 
reaction time, sustained attention, and mental fatigue at four time 
points, namely, baseline, third week, end-of-intervention, and after the 
one-month follow-up. 

2.4.2. Questionnaire 
On a basic demographic questionnaire, the students self-reported 

their age (in years), school year/grade, parental education level, 
height, and weight. 

In addition, a validated Persian version of the DASS-21 questionnaire 
was filled by the participating students. This self-report questionnaire 
included 7 items in a multiple-choice format for the assessment of each 
one of the depression, anxiety, and stress scales. The score for each 
question ranged from 0 (did not apply to me at all) to 3 (applied to me 
very much) and each final scale was the sum of its corresponding 7 

questions multiplied by a factor of 2 (Ng et al., 2007). 

2.5. Procedure 

The study design was a 10-week randomized controlled and double- 
blind trial. At the start date of the study, November 2019, the aim, 
procedure, and restrictions of the trial were described by a pediatrician 
and a Persian medicine specialist during a briefing session for the stu-
dents in grades 10 and 11 and their parents. Thereafter, the students 
were invited to participate. 

Preceding the start of the trial, all volunteer students filled out the 
DASS questionnaire and were screened to be healthy and their eligibility 
to participate was confirmed. Afterward, the eligible students were 
required to attend four study visits. 

At the first visit in the schools, the participating students filled out 
the demographic questionnaires. Furthermore, the initial cognitive 
performance of participants was evaluated by the PASAT. Afterward in 
the medical center, the students were partitioned into intervention and 
control groups based on a computer-generated randomization table and 
received a 3-week supply sealed bottle containing twenty either Ustu-
khuddus Alavi or placebo capsules, respectively. The administration 
procedure instructed to them was to swallow one capsule with water 
after breakfast, and they were also given a medication administration 
sheet to fill out not to forget the schedule of taking the capsules. We 
asked the students to return after finishing this first bottle. However, 
they were also encouraged to make contact with the researchers if any 

Fig. 1. Disposition of the sample through each stage.  
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adverse events occurred in the meantime. 
At the second visit, subjects returned to the medical center for 

reevaluation by the PASAT and reported adverse effects if they had any. 
Moreover, the students received their second bottles containing twenty 
more capsules of either Ustukhuddus Alavi or placebo while being 
instructed to follow the same routine. Once more, they were encouraged 
to contact the researchers if any adverse effects emerge. 

Approximately three weeks later, the third visit was planned in the 
schools to reassess all the parameters previously evaluated including 
mental health, reaction time, sustained attention, mental fatigue, DASS, 
and any probable side effects. 

The next appointment with each student was scheduled approxi-
mately one month after finishing the second bottle. At the fourth visit at 
the schools, the students repeated the PASAT and filled out the DASS 
questionnaires again. 

2.6. Salivary cortisol 

Saliva collection is an easy and non-invasive way of assessing the 
concentration of hormones like cortisol. Meanwhile, the level of free 
saliva cortisol is similar to the free plasma fraction (Nunes LAS, Mus-
savira S, 2015). Morning saliva samples were collected from 58 students 
for the pre- and post-intervention direct immunoenzymatic determina-
tion of cortisol concentrations. These samples were collected at the 
schools on the same day before the cognitive test. Students were 
instructed to wash their mouths and then collect 10 cc of saliva in a 
falcon tube. Afterward, the tubes were transferred to the laboratory in a 
cold box and then were kept in a freezer at − 20 ◦C after being centri-
fuged for 15 min with a spinning speed of 3000 per minute. Measure-
ments were carried out with a cortisol saliva enzyme linked 
immunosorbent assay (ELISA) kit with a sensitivity of 0.12 ng/mL and 
analytical range of 0.5–100 ng/mL (DKO020, DiaMetra srl Uni-
personale, Italy). Due to the COVID-19 outbreak lockdown, the schools 
were closed in the midst of the study period, and we could not get the 
samples from all the participants. 

2.7. Statistical analysis 

The sample size was calculated based on a two-tailed significance 
level of 0.05, 80% power and effect size of 0.6. Allowing for a 10% 
dropout rate, the required sample size for each group was estimated to 
be 50 individuals. 

We used the Student’s t-test and Mann-Whitney test for comparing 
the baseline characteristics of the intervention and control groups. We 
performed independent samples t-tests for comparing the mean of the 
cognitive performance and cortisol level in the two groups. For the 
intervention group, we used Student’s paired t-tests to test the differ-
ences between every two consecutive visits. Furthermore, we performed 
the repeated measures analysis of variance (ANOVA) to assess the 
impact of Ustukhuddus Alavi versus placebo on each subscale during 
different visits. 

Statistical significance was defined as a p-value of less than 0.05. IBM 
SPSS software version 26 was used to conduct the data analysis. 

3. Results 

A total of 134 volunteer students enrolled in the clinical trial 
initially, with a total of 86 completing the study over a period of 6-week 
intervention and 4-week follow-up. This study was conducted on 86 
healthy female students from grades 10 and 11 (55.8% and 44.2%, 
respectively) with a mean age of 16.3 years, ranging from 15 to 17 years, 
the majority (63%) of whom had normal body mass index (BMI). De-
mographic data of the participants that completed the study is shown in 
Table 1. We compared these demographic characteristics between the 
two groups using the Student’s t-test and Mann-Whitney test for 
continuous and categorical variables, respectively, which were similar 
in both groups. 

3.1. Cognitive performance 

A two-sample Student’s t-test was performed for each cognitive 
outcome measure comparing the mean of intervention (Ustukhuddus 
Alavi capsule) and control (placebo) groups. At baseline, the two groups 
of students were not significantly different from each other in any of the 
PASAT subscales. Results of the t-test for both the second and third visits 
indicated a statistically significant mean difference for sustained atten-
tion and mental fatigue with the Ustukhuddus Alavi capsule group 
demonstrating significantly improved cognitive function over the pla-
cebo control. Between-groups analysis of mental health after 3 weeks 
did not reach statistical significance, however, turned out to be signifi-
cant after 6 weeks as reflected by a considerable increase in the number 
of correct answers. On the other hand, no significant difference in re-
action time was found between the two groups in any of the visits (see 
Table 2). 

Note that for all the cognitive outcome measures, students in either 
of the study arms tend to perform better during later visits, most likely as 
a result of a practice effect previously suggested in the literature (Sol-
omon et al., 2016). 

We conducted the repeated measures ANOVA utilizing the general 
linear model to assess the impact of Ustukhuddus Alavi versus placebo 
on each subscale (the tests of between-subjects effects) while accounting 
for the within-subjects factor of the time of visit. The significance values 
for mental health (0.042), sustained attention (0.003) and mental fa-
tigue (0.005) are all less than 0.05, hence we can conclude that the 
intervention contributes significantly to improving these PASAT sub-
scales. On the other hand, the significance value for the reaction time 
(0.867) was inconclusive. 

The profile plots illustrate the model-estimated means for the two 
groups (namely, Ustukhuddus Alavi and placebo) for each of the four 
visits of the study (see Fig. 2). 

Furthermore, Student’s paired t-tests were performed for the inter-
vention group comparing the mean difference for every two consecutive 

Table 1 
Demographic characteristics of students in the intervention and control groups.   

AGE bmi Mother Education Father Education 

Mean 
± SD 

Mean 
± SD 

Illiteracy 
or primary 

Secondary Diploma Associate 
degree 

Higher 
education 

Illiteracy 
or primary 

Secondary Diploma Associate 
degree 

Higher 
education 

Intervention 
Group (Active 
product) n =
45 

16.27 
±

0.654 

20.85 
±

3.883 

11.1% 44.4% 37.8% 4.4% 2.2% 8.9% 37.8% 44.4% 6.7% 2.2% 

Control Group 
(Placebo) n =
41 

16.34 
±

0.575 

21.44 
±

2.593 

0.0% 43.9% 46.3% 7.3% 2.4% 0.0% 36.6% 53.7% 7.3% 2.4% 

P value 0.576 0.405 0.137 0.259 
Test T-Test Mann-Whitney Test  
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visits. Pairwise comparisons by t-tests indicated statistically significant 
improvements in all the PASAT subscales for the first two periods when 
the product was consumed. Comparing the baseline with the end-of- 
intervention and one-month follow-up visits showed a very marked 
enhancement in all the cognitive domains tested. Mean changes from the 
baseline cognitive scores at the third week, sixth week, and one-month 
follow-up for the Ustukhuddus Alavi group are shown in Table 3. 

3.2. DASS 

Assessment of depression, anxiety, and stress was conducted by DASS 
questionnaires pre- and post-intervention and at follow-up. Statistical 
analysis by Mann-Whitney test showed no significant difference be-
tween the active product and placebo groups (see Table 4). 

Table 2 
The results of the PASAT in the intervention and control groups.   

TIME 
POINT 

MENTAL HEALTH 
(MEAN±SD) 

REACTION TIME 
(MEAN±SD) 

SUSTAINED ATTENTION 
(MEAN±SD) 

MENTAL FATIGUE 
(MEAN±SD) 

INTERVENTION GROUP (ACTIVE 
PRODUCT) N = 45 

Baseline 26.13 ± 9.024 2.56 ± 0.300 4.60 ± 2.903 7.13 ± 3.188 
Week 3 42.56 ± 12.398 2.34 ± 0.33 13.53 ± 7.792 3.36 ± 1.956 
Week 6 50.56 ± 8.142 2.06 ± 0.440 21.09 ± 11.602 2.09 ± 1.087 
Week 10 48.74 ± 9.274 2.24 ± 0.339 20.53 ± 13.518 2.28 ± 0.959 

CONTROL GROUP (PLACEBO) N = 41 Baseline 26.83 ± 10.002 2.48 ± 0.300 5.56 ± 3.515 7.80 ± 4.026 
Week 3 38.02 ± 12.926 2.38 ± 0.276 9.71 ± 5.349 5.22 ± 4.108 
Week 6 43.84 ± 12.235 2.13 ± 0.351 13.35 ± 7.216 3.81 ± 2.767 
Week 10 41.16 ± 10.344 2.33 ± 0.287 11.92 ± 6.922 3.74 ± 2.286 

SIGNIFICANE (P VALUE) Baseline 0.735 0.204 0.169 0.392 
Week 3 0.101 0.524 0.009 0.011 
Week 6 0.006 0.444 0.001 0.001 
Week 10 0.001 0.21 0.000 0.001  

Fig. 2. The effects of Ustukhuddus Alavi vs. placebo intake on cognitive performance according to the PASAT outcomes. Error bars are ± 2 standard error.  
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3.3. Salivary cortisol 

For the biological assessment of the effect of Ustukhuddus Alavi, the 
mean and standard deviation of the salivary cortisol levels were calcu-
lated before and after the intervention. The mean difference between the 
Ustukhuddus Alavi and placebo groups was statistically significant after 
the intervention (see Table 5). Despite the rise of cortisol level in both 
groups, the mean of the active product group was still close to the 
normal range (3–10 ng/mL in the morning) and the increase was less 
than the placebo group. 

3.4. Adverse effects monitoring 

The study medication was well tolerated by the students. During the 
6 weeks of the administration, a wide variety of adverse effects were 
monitored and documented (see Table 6). Throughout this study, no 
serious adverse event was reported by any subject. The only adverse 
effects which were reported by some students were facial acne and 
agitation. 

4. Discussion 

The present study analyzed the efficacy of Ustukhuddus Alavi in 
enhancing cognitive performance in students aged 15–17 years. To the 
best of our knowledge, there has been no study to verify the effectiveness 
of Ustukhuddus Alavi in augmenting brain functions. 

Statistical analysis revealed that daily supplementation with Ustu-
khuddus Alavi for six weeks led to significant cognitive improvement 
versus placebo evaluated by the PASAT which is designed to assess 
mental health (p-value = 0.006), sustained attention (p-value = 0.001), 
and mental fatigue (p-value = 0.001). Intervention effect on reaction 
time did not reach significance (p-value = 0.444). 

PASAT is considered to be a challenging and complex test for the 
general population (Brooks et al., 2011). As a result, subjects need time 
and practice to get accustomed to the format in order to perform well, 
which may explain the observed practice effect in both groups to some 
extent (Tombaugh, 2006). 

There is a consensus in the literature that academic performance in 
high school students can be boosted by augmenting cognitive processes 
such as sustained attention (Puerta Morales, 2015). Therefore, 
increasing sustained attention by the consumption of Ustukhuddus Alavi 
has the capacity to improve the academic performance of high school 
students without any major side effects. 

Inhalational Lavandula angustifolia Mill. administration has been re-
ported to improve the quality of daytime awakeness and overnight sleep 

Table 3 
Mean difference in cognitive scores for the students on Ustukhuddus Alavi across the study period.  

Cognitive 
Function 

Significane (Visit 1 → 2) Significane (Visit 2 → 3) Significane (Visit 3 → 4) Significane (Visit 1 → 3) Significane (Visit 1 → 4) 

Mean 
Difference±SD 

P 
value 

Mean 
Difference±SD 

P 
value 

Mean 
Difference±SD 

P 
value 

Mean 
Difference±SD 

P 
value 

Mean 
Difference±SD 

P 
value 

MENTAL HEALTH − 16.422 ±
10.308 

0.000 − 7.488 ± 9.384 0.000 1.780 ± 4.917 0.026 − 24.047 ± 8.856 0.000 − 22.163 ±
10.885 

0.000 

REACTION TIME 0.226 ± 0.234 0.002 0.262 ± 0.257 0.000 − 0.181 ± 0.266 0.000 0.494 ± 0.278 0.000 0.312 ± 0.260 0.000 
SUSTAINED 

ATTENTION 
− 8.933 ± 6.257 0.000 − 7.256 ± 9.152 0.000 0.512 ± 7.934 0.682 − 16.419 ±

10.395 
0.000 − 15.860 ±

12.299 
0.000 

MENTAL 
FATIGUE 

3.778 ± 3.496 0.000 1.163 ± 1.889 0.000 − 0.195 ± 1.054 0.243 4.814 ± 3.057 0.000 4.837 ± 3.062 0.000  

Table 4 
Percentage of DASS scores in the intervention and control groups across the study period.  

DASS score range cut-off Depression Anxiety Stress 

Normal 
0-9 

Mild 
10-13 

Moderate 
14-20 

Severe 
21-27 

Normal 
0-7 

Mild 
8-9 

Moderate 
10-14 

Severe 
15-19 

Normal 
0-14 

Mild 
15-18 

Moderate 
19-25 

Severe 
26-33 

Intervention 
Group (Active 
product) n =
45 

BEFORE 26.67 17.78 37.78 17.78 24.44 11.11 28.89 35.56 26.67 24.44 17.78 31.11 
AFTER 30.23 20.93 39.53 9.30 25.58 16.28 30.23 27.91 32.56 25.58 18.60 23.26 
FOLLOW- 
UP 

27.91 20.93 37.21 13.95 25.58 13.95 30.23 30.23 30.23 23.26 20.93 25.58 

Control Group 
(Placebo) n =
41 

BEFORE 31.71 29.27 19.51 19.51 41.46 9.76 17.07 31.71 26.83 21.95 24.39 26.83 
AFTER 29.73 32.43 21.62 16.22 37.84 5.41 35.14 21.62 24.32 18.92 29.73 27.03 
FOLLOW- 
UP 

28.95 31.58 21.05 18.42 36.84 10.53 28.95 23.68 26.32 23.68 23.68 26.32 

P-value BEFORE 0.387 0.217 0.922 
AFTER 0.809 0.450 0.304 
FOLLOW- 
UP 

0.687 0.339 0.751  

Table 5 
Mean and standard deviation of the cortisol levels pre- and post-intervention.   

Before After 

Mean ± SD Mean ± SD 

Intervention Group (Active productT) n = 32 7.74 ± 3.699 10.85 ± 5.482 
Control Group (Placebo) n = 26 7.88 ± 4.402 14.90 ± 6.147 
P value 0.894 0.047  

Table 6 
Number of reported adverse effects.   

Intervention Group (ACTIVE 
PRODUCT) 

Control Group 
(Placebo) 

No adverse effects 42 41 
Headache 0 0 
Flu-like symptoms 0 0 
Dry mouth 0 0 
Heart palpitations 0 0 
Sleep irregularities 0 0 
Facial acne 1 0 
Gastrointestinal 

complaints 
0 0 

Agitation 2 0 
Total 45 41  
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(Hudson, 1996). Some studies have shown that the speed and precision 
of mathematical computations can be improved by lavender oil 
aromatherapy (Cavanagh and Wilkinson, 2002). In concordance with 
these studies, the rate of correct responses to the summation questions 
was significantly improved after six weeks of Ustukhuddus Alavi 
consumption. 

Haskell-Ramsay et al. have designed a randomized, placebo- 
controlled, double-blind, crossover study for evaluating the cognitive 
effect of the administration of 230 mL purple grape juice on twenty 
participants aged 18–35 years. This study showed that as a result of this 
consumption, the reaction time for attention tasks was substantially 
improved (Haskell-Ramsay et al., 2017). In our study, consumption of 
Ustukhuddus Alavi which contains V. vinifera as one of its ingredients 
was associated with significantly better sustained attention but not re-
action time. 

A polyphenol-rich extract made from grape and blueberries signifi-
cantly enhanced both working memory and attention in healthy stu-
dents, while subjective ratings of mental fatigue did not change 
significantly (Philip et al., 2019). However, Ustukhuddus Alavi 
decreased mental fatigue significantly in our study. 

A. pyrethrum root extract’s antidepressant activity may be the result 
of elevating the levels of noradrenaline and dopamine or reducing 
inflammation in the central nervous system (Badhe et al., 2010). 
Moreover, dopamine and noradrenaline have been suggested to work 
together to improve learning and cognitive performance (Ranjbar--
Slamloo and Fazlali, 2020). Dopamine is involved in many cognitive 
functions such as motivation, learning, working memory, and 
decision-making (Westbrook and Braver, 2016). 

Although the results indicated the considerable effect of Ustu-
khuddus Alavi on cognitive enhancement in students, no major impact 
on either depression, anxiety, or stress was detected as the difference 
between the mean of DASS for the intervention and control group was 
not statistically significant. It seems that this product can be helpful as a 
cognition booster for the sharpness of mind but not as a therapy for 
psychiatric disorders. 

Hypothalamic–pituitary–adrenal system responds to stress by stim-
ulating the release of cortisol from the adrenal cortex (Lupien et al., 
2005). In a large population study, higher cortisol level was linked with 
inferior cognitive performance in a variety of tasks (Lee et al., 2007). 
Moreover, cortisol administration impaired both digit span and the 
recall of previously learned word lists in young men (Wolf et al., 2001). 

Human cognitive performance is linked to the acute and chronic 
changes of the cortisol level throughout life. The cognitive function of 
the frontal lobes is affected by the acute surge of cortisol in the young 
population. Moreover, their memory performance can be acutely regu-
lated by pharmacological modification of cortisol (Lupien et al., 2005). 
The brain activity in important parts for the cognitive process such as the 
hippocampus and prefrontal cortex is sensitive to elevated cortisol 
levels. Furthermore, neurological development in children is negatively 
associated with high cortisol levels; and increased salivary cortisol levels 
have been observed in school children with lower cognitive performance 
(Teixeira et al., 2019). 

Sniffing lavender aroma for 5 min in healthy subjects increases the 
active antioxidant metabolites and decreases cortisol level at both high 
and low concentrations in saliva (Atsumi and Tonosaki, 2007). In our 
study, the mean difference of cortisol concentration between the two 
groups was significant after the intervention. However, cortisol level 
was elevated in both groups in comparison to the baseline, which may be 
credited to the stress of the final exam season of the first semester during 
which the second cortisol samples were collected. Another possible 
explanation may be the stress associated with the COVID-19 pandemic. 

Ustukhuddus Alavi contains L. stoechas, A. pyrethrum, P. vulgare, C. 
epithymum, P. officinalis, and V. vinifera. For each ingredient of this 
herbal supplement, the results of various studies have revealed the 
antioxidant and anti-inflammatory activities as well as potential neu-
roprotective properties and the regulation of the cholinergic system. The 

potential cognitive improvement effect of Ustukhuddus Alavi appears to 
be due to the components available in it, but not enough is known about 
the possible synergistic effects. 

From the Persian medicine point of view, apart from the individual 
effects of the ingredients constituting a multi-ingredient medication, 
novel medical effects can emerge from the synergy between the in-
gredients that are in addition to the effects of each of them (Ibn-e-Sina, 
2005). This is in accordance with Chinese medicine where 
multi-ingredient herbal products are much more frequently prescribed 
to produce specific and synergistic effects and reduce toxicities (Mohd 
et al., 2018). 

In Persian medicine, the excretion of excessive or harmful substances 
(balgham) in the brain is described as the underlying mechanism of 
Ustukhuddus Alavi (Jahan, 2008). According to traditional medicine 
books, excess of balgham can lead to the development of many neuro-
psychological disorders such as memory dysfunction (Rahman et al., 
2014). Unani scholars also believed that the main cause of Alzheimer’s 
disease is excessive anomalous balgham in the brain which needs to be 
treated through the removal of these substances (Ahmer, 2015). 

Considering the inclusion of the paraclinical assessment of salivary 
cortisol besides PASAT for the assessment of cognitive performance was 
the major strength of our study. 

A limitation of this work is some degree of selection and sampling 
biases because we conducted the study in the schools recommended by 
the Yazd education organization. An additional restriction that we 
encountered was the increase in the dropout rate because of the coro-
navirus pandemic which broke out shortly after the study start date. 

4.1. Possible mechanism of action 

Multiple studies have shown an association between memory dete-
rioration and low intake of dietary antioxidants (Meydani, 2001). 
Oxidative stress is associated with cognitive dysfunction, which in turn 
can be ameliorated by antioxidants in both humans and animals (Bin 
Sayeed et al., 2014). Additionally, cognitive impairment is associated 
with reduced cholinergic function which can be treated with the stim-
ulation of central cholinergic activity (Suliman et al., 2016). Adminis-
tration of cognitive enhancers has been suggested to raise the level of 
acetylcholine (ACh) by downregulating acetylcholinesterase (AChE) 
activity and stimulation of cholinergic receptor binding in the frontal 
cortex and hippocampus (Bhattacharya et al., 2000). 

Lavandula can induce neuroprotective, antioxidant, anticonvulsant, 
and anxiolytic activity (Kabiruddin Ahmed K, Zaheer Ahmed, 2016). 
L. officinalis reduced both nitric oxide and malondialdehyde levels in the 
brain of the kindling animal model (Rahmati et al., 2013). 

L. stoechas increases cognitive performance by improving central 
cholinergic neurotransmission and by defending against oxidative stress 
in mice brain (Mushtaq et al., 2018). Both wild plants of Lavandula viridis 
L’Hér. and their in vitro cultures have demonstrated a significant anti-
oxidant defense by scavenging free radicals and protecting against lipid 
peroxidation, and also anticholinesterase activity (Costa et al., 2013). 

Antioxidant and cholinergic effects of Lavandula essential oils have 
been discussed in the supplementary material. 

A. pyrethrum root protects against oxidative stress and oxidative DNA 
damage, and also has anti-inflammatory and immunostimulating ac-
tivities. Its hydroalcoholic extract considerably protected against 
seizure-induced oxidative damage through increasing glutathione levels 
and decreasing malondialdehyde levels in the whole brain. It also 
ameliorated the seizure-induced cognitive dysfunction and normalized 
cholinesterase activity in a dose-dependent way in rats (Pahuja et al., 
2012). Moreover, pre-treatment by this extract has been shown to 
ameliorate cognitive condition by exhibiting protective activity against 
oxidative damage and suppressing rho kinase expression in mice (Pahuja 
et al., 2013). Aqueous and methanol extracts of A. pyrethrum roots can 
increase antioxidant activity which may be linked to the existence of 
alkaloids and phenols. No acute toxicity nor mortality was found in a 
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single administration of aqueous and methanol extracts of A. pyrethrum 
roots up to the highest possible dose of 5 g/kg (Manouze et al., 2017). 

Additionally, A. pyrethrum is known as a brain tonic and has shown 
significant anticonvulsant effects in animal studies. Pellitorine as one of 
the main constituents in the leaves and roots of A. pyrethrum is easily 
absorbed and quickly goes through the blood-brain barrier, hence sug-
gesting a possible role in the therapy of brain disorders. Ethanolic 
extract of A. pyrethrum postponed the onset and significantly decreased 
the length of pilocarpine-induced seizures in rats, possibly due to its 
effect on cholinergic receptors (Bezza et al., 2019). This extract has also 
been suggested to improve memory activity and as a result ameliorate 
cognitive capacities through elevating central cholinergic neurotrans-
mission in scopolamine-induced amnesia in albino Wistar rats (Sujith 
et al., 2012). 

Based on our search, there were very limited studies on the effects of 
P. vulgare on cognition at the time of writing. P. vulgare has anti-
oxidative, antibacterial, and anti-inflammatory capacities due to its 
flavonoids and tannins components (Sofiane et al., 2015). P. vulgare 
facilitates the transmission of dopamine in the brain, which makes it 
beneficial in drug-induced catalepsy (Kalam et al., 2017). On the other 
hand, it has been shown that executive function in the young population 
can benefit from dopamine’s role in modulating striatal circuits (Berry 
et al., 2018). 

The methanolic extract of the whole plant of C. epithymum has been 
observed in vitro to protect against reactive oxygen species dose- 
dependently (Ganapaty et al., 2013). C. epithymum is a rich organic 
source of antioxidants for protecting the brain against oxidative stress by 
having flavonoid and alkaloid content, and it has been suggested for the 
treatment of cognitive dysfunction and neurological disorders. Addi-
tionally, this antioxidant potential reduces inflammation which is sug-
gested to be the underlying mechanism of its neuroprotection against 
ischemic cell death and enhancing neuronal proliferation. Significant 
cognitive amelioration after eight weeks of administration with 
C. epithymum in schizophrenic patients was observed without major side 
effects (Parvizi et al., 2019). Cuscuta species protect against oxidative 
stress, neuroinflammation, proliferation, and also restore the cholin-
ergic function and neuroprotective activities which may explain 
memory-improving effects in mice (Lin et al., 2018). The 100 mg/kg 
methanol:water (80:20) extract of the whole plant of C. epithymum has 
been reported to have substantial anticonvulsant effects and lower 
mortality in pentylenetetrazol-induced seizures in mice (Mehrabani 
et al., 2007). 

P. officinalis can induce high levels of antioxidant activity due to 
being rich in polyphenolic compounds with strong antioxidant proper-
ties. Furthermore, P. officinalis and none of its extracts possessed cyto-
toxic effects (Dienaitė et al., 2019). Moreover, the root contains 
flavonoids, paeoniflorin, paeonin, paeonol, and tannic acid (Ahmad 
et al., 2012). Daily administration of paeoniflorin extracted from peony 
has moderated the deterioration of learning in older rats (Ohta et al., 
1994). In addition, paeoniflorin has anti-inflammatory and 
anti-amyloidogenic effects which are preventive in neurodegeneration 
in Alzheimer’s disease (Ghédira and Goetz, 2015). 

V. vinífera is a natural source of polyphenols that serves as an 
immunological and anti-oxidant defense (Pazos-Tomas et al., 2020). 
These components which are abundant in grape-based products induce 
anti-oxidative, anti-inflammatory, anti-acetylcholinesterase, and 
anti-amyloidogenic activities which are essential for healthy brain 
aging. Grape-derived polyphenols can penetrate the blood-brain barrier, 
suppress AChE, and augment Aβ-clearance, which in turn leads to 
anti-neurodegenerative and memory-enhancing effects (Ibrahim Fouad 
and Zaki Rizk, 2019). In another study, V. vinifera extract has had a 
neuroprotective effect in aluminium-induced oxidative stress in rats 
brain (Lakshmi et al., 2014). 

5. Conclusions 

In healthy female adolescent students, the daily intake of Ustu-
khuddus Alavi for six weeks was efficient in enhancing cognitive func-
tion and in particular in three subscales of the tests carried out. 
Additionally, it has also controlled the cortisol level and maintained it in 
the normal range. We propose further detailed investigations to estab-
lish the exact mechanisms of cognition-enhancing action, the potential 
synergistic effects of this compound, and the relevant phytochemical 
constituents. Supplementation with Ustukhuddus Alavi in combination 
with a healthy lifestyle may be a safe way to boost cognitive perfor-
mance, as Persian medicine has long indicated. 
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