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ABSTRACT
Objective: Children and adolescents are considered as the best target groups for preventing and controlling the cardiovascular diseases risk 
factors and reducing mortality in adulthood. Alternative medicine and herbal drugs have been taken into account for managing dyslipidemia 
in this population. The beneficial effects of Sumac (Rhus coriaria L.) on lipid profile have been confirmed in some laboratory and animal 
studies. This study was designed to investigate the clinical effects of sumac fruits on dyslipidemia in 12-18 years-old adolescents. Methods: 
This randomized triple-blinded clinical trial was conducted on 72 obese adolescents with dyslipidemia from August 2011 to June 2012 in 
Isfahan Cardiovascular Research Center, Isfahan, Iran. Eligible adolescents were randomly assigned to two case and control groups. The 
control group received placebo capsules and the case group received capsules containing 500 mg of powdered sumac fruits, each three times 
a day for one month. Biochemical parameters including 12-hrs fasting serum levels of total cholesterol (Total-C), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were measured before the initiation and after the 
completion of the study protocol. Statistical analysis was performed using the SPSS software, version 16.0, using Independent Samples T-test, 
or Paired Samples T-test, for between-group and within-group analysis, respectively. Findings: The plasma levels of Total-C, LDL-C, and TG 
changed significantly over-time in the case group. Furthermore, between-group analysis showed a statistically significant difference between 
case and control groups with this regard (P < 0.05, for all statistical comparisons). However, HDL-C levels have not been changed significantly 
over-time within the case or control group, neither between the two study groups. Conclusion: In this study, the considerable effects of Rhus 
coriaria (sumac) on reducing serum levels of Total-C, LDL-C, and TG have been noticed during one-month trial. However, probably due to 
the concise period of sumac consumption, its effect on HDL-C was not statistically significant.
Key words: Rhus coriaria, Sumac, dyslipidemia, adolescent.

1. INTRODUCTION
Cardiovascular diseases (CVD) are the leading cause

of death in many advanced and developing countries, of 
which coronary heart disease (CHD) accounts for ap-
proximately half of mortalities (1, 2). The most common 
cause of CHD is narrowing of the coronary arteries due 
to the presence of atherosclerotic plaques (3-5). The risk 
of atherosclerosis is directly related to increasing levels of 
serum cholesterols (6). During the past decades, epidemi-
ologic studies have established a direct relationship be-
tween blood low-density lipoprotein cholesterol (LDL-C) 
concentrations in a population and the incidence of CHD 
events (7-9); while high-density lipoprotein cholesterol 
(HDL-C) has an inverse relationship with CHD (10).

Obesity, as an important cause of CVDs, is accompa-
nied by several cardiovascular risk factors namely hyper-
tension, dyslipidemia, glucose intolerance and finally an 
increased risk of CVD morbidity and mortality (11, 12).
Patients with central obesity have an increased mobiliza-
tion of fatty acids from adipose cells to the systemic cir-
culation, which leads to increased triglyceride (TG) syn-
thesis by the liver. Although these patients are often being 
managed with weight reduction and increased physical 
activity (13-15), the results of numerous major clinical 
trials have conclusively demonstrated the value of lip-
id-modifying therapy to protect them from CHD events 
(15-18).
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Successful management of dyslipidemia alters the natu-
ral course of atherosclerosis and reduces CHD; however, 
the challenge for the clinician is to implement treatments 
that meet and maintain the desired treatment goals for 
some special populations such as children and adoles-
cents. In this population, an adequate trial of therapeutic 
lifestyle changes (TLC) should be used in all patients, but 
pharmacotherapy, being concerned about potential side 
effects, should be instituted concurrently only in high-risk 
patients, such as those with the metabolic syndrome (19, 
20). In such medical conditions, complementary medi-
cine can be regarded as an adjunct to conventional med-
ical care (21-23).

Several studies have been directed to evaluate the ef-
fects of alternative medicine namely herbal drugs in man-
aging hyperlipidemia in vulnerable populations such as 
children (24, 25). Of medicinal herbs, those with antiox-
idant properties have been well noticed with this regard, 
which may originated from the finding that native LDL 
per se does not contribute to the development of ath-
erosclerosis; instead, LDL must be oxidized before it be-
comes a causing factor for atherosclerosis (26). Rhus cori-
aria Linn. (Anacardiacea), commonly known as sumac, is 
a well-known spice widely consumed in the world which 
has also been utilized extensively for medicinal purposes 
(27). Different parts of the plant have been used in diverse 
preparations in traditional medicine (28). The antioxidant 
components of this plant made it a favorable target for 
laboratory and animal studies in different conditions such 
as oxidative stress cytotoxicity (29), diabetes (30), diabetic 
nephropathy (31), and cerebral ischemia (32). The protec-
tive effects of Rhus coriaria extract against lipid peroxi-
dation (29, 31, 33) as well as its lipid lowering properties 
(34, 35) have been examined on extracted cells or animals; 
however, no human study yet evaluated the hypocho-
lesterolemic effects of sumac in a clinical setting. Since 
children and adolescents have been granted as the best 
target group for implementing the interventions with the 
aim of improving lifestyle and preventing chronic diseases 
of adulthood (36), and considering potential concerns on 
hypocholesterolemic drugs side effects in this susceptible 
population, we designed this study to investigate the role 
of Rhus coriaria fruits, as an alternative herbal medicine, 
in controlling serum lipid indices of dyslipidemic obese 
adolescents.

2. MATERIALS AND METHODS
This triple-blinded randomized placebo-controlled 

clinical trial was conducted from August 2011 to June 
2012 in Isfahan Cardiovascular Research Center, affiliated 
with Isfahan University of Medical Sciences, Isfahan, Iran. 
The study protocol was ethically designed in accordance 
with the Declaration of Helsinki (37) and approved by the 
local board of human studies (Registration code: 388595).

Adolescents (12 to 18 years old) who met the follow-
ing criteria were included to the study: 1) not having the 
present and past history of smoking behavior, 2)with 
dyslipidemia defining as serum Total-C or LDL-C or TG 
equal or more than the age- and gender-specific 95th per-
centile, or HDL-C lower than 5th percentile, 3)and having 
a body mass index (BMI) equal or more than the age- and 

gender-specific 95th percentile, proportionate for Iranian 
children and adolescents (38). The exclusion criteria were 
considered as following: 1) getting used to smoke during 
the study, 2) suffering a disease effective on blood lipids, 
3) using any other drugs effective on blood lipids and 
blood sugar levels, 4) and not following the study protocol 
for more than one week.

Eligible patients were selected by convenient sampling 
method. The study protocol is figured in CONSORT dia-
gram of the study (Figure 1). After providing detailed de-
scription to the participant and their parents, all the qual-
ified people were asked to sign the written consent. At 
the first referring visit, biochemical parameters including 
fasting serum levels of Total-C, LDL-C, HDL-C, and TG, 
as well as laboratory tests related to thyroid hormones 
and blood sugar were taken from patients, for the later 
in order to exclude the samples having exclusion criteria 
regarding diseases which may affect the blood lipids.

Each participant received detailed oral information 
about the study objectives and protocol, as well as stan-
dard recommendations for healthy eating habits and reg-
ular physical activity (39). Then, they were assigned to 
two study groups by simple randomization method. The 
case group was asked to take a capsule containing 500 
mg powdered sumac fruit, three times a day (preferably 
after each meal) for one month. The participants in pla-
cebo group were provided with the identical packages of 
capsules containing equal amounts of a placebo powder 
(lactose) and were asked to consume one capsule, three 
times a day for the same time period.

2.1. Sample Size Calculation
In order to have a 90% chance of detecting the difference 

(at least 10 mg/dl) in mean cholesterol change at 5% level 
of significance, and considering the standard deviation of 
total cholesterol as 15.47 mg/dl (based on the achieved 
data from a previous similar study [40]), the sample size 
using t-student formula was determined to be 35 for case 
and control group.

2.2. Dosage Form Preparation of the Herbal Product
Rhus coriaria fruits were prepared from a medicinal 

herbs market in Isfahan province, Iran, and were con-
firmed by two herbal botanists regarding taxonomical as-
pects. Considering that the most indicative feature and ef-
fective gradients of sumac are polyphenolic components, 
Folin-Ciocalteu method was used for standardization of 
the plant based on determining its phenolic amount (41). 
Accordingly, the appropriate amount of powdered fruits 
for each dose to be included in one capsule was deter-
mined as 500 mg. Placebo capsules were filled with the 
same amount of lactose which is confirmed to have no 
effects on lipid profile.

2.3. Follow-up
Children’s compliances were followed the by regu-

lar phone calls. Also, in the cases of non-compliance or 
emerging any related side effects, parents were asked to 
contact our clinic. The participants who did not regular-
ly take the medication were excluded from final analysis. 
Figure 1 shows the recruitment process of the study. Af-
ter one month of the study initiation for each participant, 
samples referred for final laboratory tests of lipid profile. 
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These steps were the same for participants in both the 
case and control groups.

2.4. Statistical Analysis
Collected data were analyzed by SPSS software (Chica-

go, IL, USA) version 18.0. Normal distribution of quanti-
tative variables was evaluated using Kolmogorov-Smirn-
ov test. Chi-square and Student’s t-test analysis was 
performed to compare the baseline demographic (sex, 
age, BMI) and biochemical parameters between study 
subjects in both groups. The changes of the biochemical 
parameters in each study group during the study period 
were analyzed using paired-samples t-test. Multivariate 
general linear model was used to compare the over-time 
changes in the measured parameters between case and 
control groups. P-value of less than 0.05 was considered 
statistically significant.

3. RESULTS
Seventy two volunteers completed the study. De-

mographic characteristics of participants in two study 
groups are presented in table 1. Kolmogorov-Smirnov 
analysis demonstrated normally distribution of all quanti-
tative parameters in the two study groups (p > 0.05). The 
groups did not differ statistically regarding the mean age 
and baseline body mass index (BMI), as well as baseline 
lipid profile measures (as indicated in table 2).

Laboratory data of serum lipid profile are presented in 
table 2. As shown, the amount of Total-C, LDL-C, and TG 
changed significantly over time (during one-month study 
period) in the R. coriaria group; while there are no sig-
nificant changes in all investigated parameters in control 
group. Between-group analysis shows that the differences 
in the biochemical measures between two study groups 
are statistically significant for Total-C, LDL-C and TG, 
while HDL-C did not differ significantly. Participants of 
both groups did not report any significant drug side.

4. DISCUSSION
Knowing the fact that the existing risk factors in child-

hood and adolescence are the same as that found in 
adulthood, different scientific societies have announced 
children and adolescents as the best target group for im-
plementing the interventions toward improving lifestyle 
and preventing chronic diseases of adulthood (36). The 
results of two previous studies presented a high preva-
lence of dyslipidemia and rapid emergence of CVD pre-
disposing factors in 12-18 years old adolescents in Iran 
(42, 43).

Several chemical drugs have been used for decreasing 
serum lipids and consequently atherosclerosis. Concerns 
of side effects make their use unjustifiable for the prima-
ry stages of hyperlipidemia especially for children and 

adolescents. In recent years, there is an 
ongoing effort to integrate complementa-
ry and alternative medicine into conven-
tional medical practice for treating many 
health conditions including cardiovascu-
lar diseases (21). Being most widely used, 
medicinal plants are favorable alternatives 
to chemical drugs, especially in more sus-
ceptible populations such as pediatrics and 
adolescents.

Some previous clinical trials addressed 
positive effects of some widespread me-
dicinal plants on dyslipidemia in adoles-
cents; of these, three double-blinded place-
bo-controlled studies evaluated the clinical 

effects of Roselle (Hibiscus sabdariffa), Common Jujube 
(Zizyphus jujuba), and Purslane (Portulaca oleraceae) on 
lipid indices of obese children and adolescents (44-46). 
The promising results were concluded to be yielded due to 
the medically active ingredients of these noteworthy me-
dicinal herbs. Of all, antioxidant and anti-inflammatory 
characteristics are taken for granted. Oxidation is needed 
for LDL particles to become the initiator of atherosclero-
sis process within vessel cell walls (26); so, being rich with 
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Table 1.Demographicdata and baseline body mass index (BMI) in two study groups 

BMI(kg/m2) Age(years) Sex N Study 
group Female Male 

25.9 ± 4.2 14.2 ± 1.8 20 16 36 R. coriaria 
25.1 ± 4.9 14.6 ± 1.6 19 17 36 Placebo 

0.905 0.495 0.821 P-value* 
 
Data presented as Number, or Mean ± SD, where applicable. 
BMI: body mass index, calculated by dividing weight by the height squared (kg/m2); SD: standard deviation. 
* Between-group analysis using Chi-square or Independent-samples t-test. 
 

 

 

Table2.Biochemical parameters before initiation and after completion of the study protocol in two 

study groups 

TG 
(mg/dl) 

LDL-C 
(mg/dl) 

HDL-C 
(mg/dl) 

Total-C 
(mg/dl) Study group 

163± 48.6 123± 23.6 44± 10.6 204 ± 29.7 Before 
R. coriaria 148± 49.3 102± 24.3 43± 9.4 189 ± 27.1 After 

0.029 <0.001 0.355 0.015 P-value* 
181± 46.3 132± 32.1 42± 9.7 212 ± 32.5 Before 

Placebo 178± 46.9 131± 31.9 42± 9.5 211 ± 36.0 After 
0.950 0.551 0.602 0.273 P-value* 
0.017 < 0.001 0.649 0.006 P-value** 

 
Data presented as Number, or Mean ± SD, where applicable. 
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; 
Total-C: total cholesterol; SD: standard deviation. 

Table 1. Demographic data and baseline BMI in two study groups. 
Data presented as Number, or Mean ± SD, where applicable. BMI: 
body mass index, calculated by dividing weight by the height 
squared (kg/m2); SD: standard deviation. 
* Between-group analysis using Chi-square or Independent-sam-
ples t-test.
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ing General linear model (multivariate) test.
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Figure 1.CONSORT diagram of the study 

Randomized (n=91) 

Assessed for eligibility (n=108) 

Excluded (n=17) 
   Not meeting inclusion criteria (n=12) 
   Declined to participate (n=4) 
   Other reasons (n=1) 

Analysed (n=36) 
 Excluded from analysis (irregular 

product consumption) (n=4) 

 Lost to follow-up (loosing contact, or 
irregular follow up) (n=3) 

 Discontinued intervention (n=2) 
 Change in usual diet (n=1) 

 

Rhus coriariaGroup (n=46) 
 Received standard diet program plus capsules 

containing R.coriaria fruit’s powder (n=46) 
 Did not receive allocated intervention (n=0) 

 Lost to follow-up (loosing contact, or 
irregular follow up) (n=3) 

 Discontinued intervention (n=1) 

Placebo Group (n=45) 
 Received standard diet program plus capsules 

containing placebo powder (n=45) 
 Did not receive allocated intervention (n=0) 

Analysed (n=36) 
 Excluded from analysis (irregular 

product consumption) (n=5) 
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Analysis 

Follow-Up 

Enrollment 

Figure 1. CONSORT diagram of the study

Rhus coraria Group (n=46)
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antioxidant ingredients, such plants may be considered as 
a therapeutic approach in halting this destructive process.

Considering the protective effects of these compounds, 
sumac has also been introduced as a vascular protective 
and CVD preventive medicinal plant in traditional medi-
cine (27, 47). As evidenced by numerous basic researches, 
a broad-spectrum of medicinally significant phytochem-
ical components has been identified from various parts 
of sumac (27, 32, 48-53), supporting its traditional uses. 
Polyphenols can effectively reduce the lipid absorbance 
from gastrointestinal tract, due to their high resin binding 
capacities. Also, relatively high amounts of water-soluble 
tannins in sumac fruits have documented to play an evi-
dent antioxidant role (52); the effect which has been con-
firmed for some other plants like grape and pomegran-
ate, used to improve vascular reactivity in pediatrics with 
metabolic syndrome (54). Some other investigations are 
indicative of high inhibitory activity of sumac on xanthine 
oxidase which justifies its serum cholesterol reducing ef-
fects (55).

Given the importance of antioxidant and free radical 
scavenging activities against lipid peroxidation as the ini-
tial stage of atherosclerosis (31, 34), considerable effects 
of sumac on hyperlipidemia can be elucidated (33). One 
study demonstrated the protective effect of consuming 
sumac with food on some risk factors of atherosclerosis 
(serum lipid indices such as Total-C and LDL-C) and oxi-
dative stress in rabbits (35).

The present study as the initiative one in the adolescent 
age group revealed that sumac fruits could be effective in 
decreasing serum Total-C, TG and LDL-C of dyslipidem-
ic patients. The study was designed following the previous 
findings of sumac anti-hyperlipidemic effects in animal 
models (31, 34, 35). In one previous research assessing the 
sumac effect on preventing the vessels smooth muscular 
cells immigration (with the aim of evaluating its effects on 
preventing atherosclerosis), sumac extract was tested on 
mice carotid cultured cells for 10 days. The results were 
indicative of a 62 parentage reduction of these cells immi-
gration, a considerable finding on its effect in halting the 
progression of atherosclerosis (51).

In the present study, despite considerable effects of su-
mac on reducing serum levels of Total-C, LDL-C, and TG, 
the amount of HDL-C has not been noticeably changed 
during one-month trial. According to above-mentioned 
medicinally-active characteristics and mechanisms of this 
plant, the obtained findings on serum lipid indices were 
expected. Although the identical results were concluded 
from previous similar studies (44-46), the ineffectiveness 
of sumac fruits on HDL-C may be attributed to the low 
dose or concise period of its consumption, which is also 
evident in the three previous similar studies conducted 
with the same objectives on the same population as the 
present study.

5. CONCLUSION
Our study demonstrated the advantages of sumac -a 

medicinal herb with the favorable safety profile which is 
routinely consumed with fatty meals since long time- on 
reducing the damaging lipid particles in obese adoles-
cents. Although being triple-blinded and placebo-con-

trolled, make our investigation to be unique as the first 
human study with this regard, but the existing limitation 
on study period would encourage the future well-estab-
lished long-term clinical trials. This approach may reveal 
the therapeutic as well as adverse effects of consuming 
this traditionally favorite medicinal plant for the purpose 
of improving lipid profile and consequently reducing the 
CVD risks.
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