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ABSTRACT

Background: High-sensitivity C-reactive protein (hs-CRP), and
homocysteine increase along with inflammation in type 2 diabetes mellitus
(T2DM). The antioxidant properties of sumac might affect homocysteine
and hs-CRP levels. We aimed to examine the effects of sumac powder
(Rhus Coriaria L) on homocysteine and hs-CRP in patients with T2DM.
Methods: In a single-blinded, randomized controlled clinical trial,
conducted in Ardekan city, Yazd, Iran; 60 patients with T2DM were
randomly divided into 2 groups to consume either low-fat yogurt alone
in the control group or along with 6 (2x3 grams) grams of sumac powder
daily in the intervention group, for 3 months. Fasting blood samples were
used to analyze the fasting blood sugar (FBS), serum homocysteine, and
hs-CRP at the baseline and after 90 days. P values <0.05 were considered
statistically significant.

Results: Fifty-eight individuals (intervention n=30, control n=28) with
a mean age of 52.30+7.05 years in the intervention, and 51.61+7.07 years
in the control group, finished the study. No significant differences were
seen for FBS (p=0.94) and homocysteine (p=0.69) changes between the
groups; but hs-CRP changes were significantly different between the
groups (p=0.03).

Conclusion: Daily consumption of sumac powder for 3 months may not
have a reducing effect on FBS and serum homocysteine. This is while
sumac may prevent increment of hs-CRP in patients with T2DM.

Please cite this article as: Nadjarzadeh A, Fattahi MR, Moghtaderi F, Vahidi AR, Hajiahmadi S, Mohsenpour MA. The
Effect of Sumac Powder (Rhus Coriaria L) on Homocysteine and High-Sensitivity C-Reactive Protein in Patients with
Type 2 Diabetes Mellitus. Int J Nutr Sci. 2024;9(1):71-79. doi: 10.30476/1JNS.2024.100116.1268.

Introduction

Sumac, under the scientific name of Rhus coriaria
L belongs to the Anacardiaceae family, is a reputed
plant-derived substance widely consumed for
medicinal goals (1). Its plants grow in temperate
and tropical regions like Mediterranean areas (2). In

addition to its usual usage as a condiment, appetizer,
and souring agent (1), it has anti-inflammatory (3),
antioxidant(4),andanti-dyslipidemia(5)effects. These
properties are related to its 191 chemical compounds
(1) such as phenolic acids and flavonoids, including
gallic acid (GA) (6), as potent antioxidants (7).
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In addition, tannins as an antioxidant (2), are
known to have anti-carcinogenic effects (7). Other
compounds with potent health benefits are methyl
gallate, kaempferol, and quercetin (6).

Sumac is traditionally used in the type 2 diabetes
mellitus (T2DM) (8), which is highly prevalent in
Iran (9, 10). T2DM is accompanied by increasing
atherosclerosis-related risk factors such as lipid
peroxidation, oxidative stress (11), hypertension
(HTN), lowering of high-density lipoprotein-
cholesterol (HDL), increased serum triglycerides,
small, dense LDL cholesterols; and obesity.
Consequently, diabetes intensifies atherosclerosis
risk (12). Since atherosclerosis is an inflammatory
process (13), it is suggested that sumac can protect
cells from lipid peroxidation (2). Thus, according to
the anti-inflammatory properties of sumac, it may
reduce the risk of atherosclerosis.

Some inflammatory markers are used as
predictors for coronary risk evaluation (14). High-
sensitivity C-reactive protein (hs-CRP) concentration
is a predictor of atherosclerotic activity (15). It is also
known to be a good factor for the identification of the
causes which lead to atherosclerosis (15). Moreover,
homocysteine can be named as another important
predictor of heart diseases (14, 16). According to
studies, raised serum homocysteine is independently
accompanied by atherosclerosis (16). This is while,
T2DM related factors including insulin level,
malondialdehyde, paraoxonase 1, and hs-CRP have
decreased after treatments with sumac (17).

Although, herbal therapy has shown
promising effects in the treatments of metabolic
disorders  including Spirulina (18) and M.
officinalis supplementation (19), it can ameliorate
hyperlipidemia, amend BMI and blood pressure
status (20), and improve insulin level (21). As there
are few studies investigating the effect of sumac
on hs-CRP, and no study to assess the effect of
homocysteine; we planned to investigate the effect of
sumac on oxidative predictors of atherosclerosis like
hs-CRP and homocysteine among T2DM patients.

Materials and Methods

The present single-blinded, parallel-randomized,
controlled clinical trial was designed to investigate
the effect of sumac powder on blood levels of hs-
CRP and homocysteine in T2DM patients. The
protocol of the study was in accordance to Helsinki
declaration and was approved by the Ethics
Committee of Shahid Sadoughi University of
Medical Sciences (ID: 17/1/171485). The protocol
of study was registered prospectively in the Iranian
Registry of Clinical Trials (IRCT, www.irct.ir) under
the registration ID of IRCT2014050410826N9.

Eligible individuals with T2DM were patients who
referred to the diabetes center of Ardakan city
(Mehr Clinic), Yazd province, Iran, after being
informed about the study and signed the informed
consent form to participate and enter the study.
Participants were eligible if they (i) were aged 30-
60 years, (ii) had been suffering from diabetes for
at least 3 years, (iii) were not professional athletes,
(iv) did not suffer from liver, biliary and renal
disorders, (v) had no history of using antioxidant
drugs and supplements for at least 3 months before
the study, (vi) were not pregnant or in lactation
period, (vii) were nonsmoker and nondrinker,
and finally (viii) were not using insulin to control
diabetes. Participants were excluded if any of the
following conditions occurred during the study
period including (i) using sumac less than 80%
of allocated, (ii) obligation to change the dosage
or type of drugs or to use insulin or any kind of
antioxidants, (iii) occurrence of pregnancy, (iv)
diagnosed with liver, biliary or renal diseases, and
finally (v) unwillingness to continue cooperation
with the study.

With consideration of homocysteine as primary
outcome, study power at the level of 80%, 0=0.05,
and the attrition rate of 10%, 30 participants were
estimated as the minimum sample size required for
each group (22). Eligible volunteers were randomly
assigned into two groups (intervention or control)
using computerized generated block random number
table (1:1). The allocation remained blind using
sealed envelopes, prepared by a person out of the
study, and until the beginning of the study. Due to
the need for high amount of placebo, we were not
able to blind the participants in the placebo group.
After allocating participants to two groups, the
demographic data form was completed by each
participant. Participants in both groups were asked
to consume low-fat yogurt (0.5% fat) with their lunch
and dinner (twice a day) from the same brand, Porana
(Yazd, Iran). Individuals in the intervention group
received 3 grams of sumac powder added to their
yogurt 2 times per day (totally, 6 grams per day) for
3 months, while the participants in the control group
did not consume sumac powder. Sumac powder was
provided from valid herbal medicine centers and was
approved by a member of the pharmacognosy center
of Shahid Sadoughi University of Medical Sciences;
while packed in 3 grams sachets.

At the beginning of the study, 90 sachets were
given to the participants of the intervention group
to use in the first half of the study period (45 days).
Phone calls were applied to ensure the consumption
of powder and any possible side effects. After
passing the first 45 days of the intervention, the
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participants of the intervention group were invited
to receive their second quota (other 90 sachets) for
the remained half of the study. Participants were
asked to bring back the sumac sachets, which were
not consumed, on the day 45 and 90, from the
first and second quota, respectively. Adherence to
the study protocol was assessed by counting the
unconsumed sachets brought back by participants.
Thus, those who had consumed less than 80% of the
amount of given sumac, they were excluded from
the study. Participants were requested not to change
their diabetic diet, physical activity level, lifestyle,
and drug dosages too. They were asked to visit the
physicians collaborating in our study by presenting
their designed membership cards. Physicians were
also wanted not to alter patients’ drugs or related
dosages unless it was necessary.

Weight was measured in the lightest possible
clothing status, utilizing the Seca scale (Hamburg,
Germany) with an accuracy of 100 grams.
Stadiometer was employed to measure height with
the accuracy of 0.5 cm in a standing position without
shoes or hat, while the participant’s head, shoulder
blades, buttocks, and heels had touched the wall.
BMI was computed using the standard formula
[weight (kg) divided by the height squared (m?)]. A
3-day (2 week days and one week end) 24-hour food
record was applied to estimate the intake of energy,
macronutrients, and micronutrients at baseline and
at the end of the study. Records were analyzed using
the 4™ version of the nutritionist computer program

(Nutritionist IV). Participants were demanded to
maintain their physical activity level during the study.
For assessments, the international physical activity
questionnaire (IPAQ) was used at the baseline and
the end of the study (23) and participants were
followed for 90 days. A 10 mL venous blood was
taken on the 90" day after 10-12 hours of overnight
fasting at the beginning and the end of the study to
determine serum FBS, homocysteine, and hs-CRP.
In order to reduce the errors, all the biochemical tests
were done by the same laboratory.

Kolmogorov-Smirnov test was used to evaluate
the normality of data. For the skewed data, the
logarithm of non-normal data was used in the
analysis. Independent sample t-test and paired t-test
were utilized to compare differences between the
groups and within the group, respectively. Mean
changes between groups were analyzed employing
the independent sample t-test. All the statistical
analysis was done using SPSS software (Version
16, Chicago, IL, USA). P values less than 0.05 were
considered statistically significant.

Figure 1 demonstrates the study procedure. One
hundred and ten T2DM patients were assessed for
eligibility; among them, 35 did not meet the inclusion
criteria, 12 were not willing to participate in the study,
and 3 stated other reasons not to enter the study. Fifty-
eight out of 60 patients completed the investigation
(Intervention n=30 and control group n=28).

[ Enrollment ]

Assessed for eligibility (n=110)

Excluded (n=50)
_| ¢ Not meeting inclusion criteria (n=35)

"] + Declined to participate (n=12)
+ Other reasons (n=3)

Randomized (n=60)

!

v Allocation v

Allocated to control (n=30)

\

Allocated to intervention (n=30)

v Follow-Up y

J

Discontinued intervention
(personal reasons) (n=0)

L

Lost to follow-up (n=0)

v Analysis v

J

Analysed (n=28)
+ Excluded from analysis (n=2)

Analysed (n=30)
+ Excluded from analysis (n=0)

Figure 1: CONSORT Flow Diagram demonstrates the study procedure.
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The mean+SD for age was 52.30£7.05 years
in the intervention, and 51.61£7.07 years in the
control group. Age was not statistically different
between the groups at the beginning of the study
(p=0.9). The mean for BMI was not significantly
different between the groups (p=0.9). Baseline
characteristics were shown in Table 1.

Dietary assessment analysis did not reveal any
statistically significant changes within the group
for energy intake (p=0.3 and 0.06 in intervention
and control groups, respectively). During the study,
no significant alterations were seen between groups
for dietary intake components including energy

(p=0.14), consumption of carbohydrates (p=0.95),
fats (p=0.66), and proteins (p=0.93). Table 2
compares the energy, carbohydrate, fat, and protein
between groups. The distribution of participants for
the intensity of physical activity was not statistically
significantly between the groups (p=0.8). Table 3
shows results for physical activity before and after
the study for the intervention and control groups.
As shown in Table 4, FBS insignificantly
changed within the group in both groups (p=0.4
and 0.3, for intervention and control groups,
respectively), and after the study, no significant
change was noticed between the groups (p=0.1).

Table 1: Baseline characteristics of participants demonstrated in intervention and control groups.

Variable Group
Intervention Control P value
(n=30) (n=28)
Gender Male, n (%) 21 (70) 13 (46.4) 0.6
Female, n (%) 9 (30) 15 (53.6)
Age (years) 52.30+£7.05 51.61+7.07 0.9
Height (cm) 165.10+8.58 161.54+9.35 0.8
Weight (kg) 78.90+12.19 74.43+£9.93 0.7¢
BMI (kg/m?) f 29.10+5.30 28.65+4.15 0.9}

All data were reported as mean+SD, otherwise they were mentioned. P<0.05 was considered as significant level. *Chi-
square analysis. 'Logarithms of data were used for analysis. P was calculated for differences between the groups using
indepemdant sample t-test.

Table 2: Energy, carbohydrate, fat, protein, and vitamins E and C intake illustrated at baseline and after the study in

intervention and control groups.

Variable Intervention group Control group P P
(n=30) (n=28) valuet value”
Before After Mean P Before After Mean P
difference value’ difference value’

Energy 2373.83+ 2528.30+ 154.47+ 0.3 2277.14+ 275221+ 475.07+ 0.06 04 0.14
(Kcal)" 923.51  632.08 817.71 831.20 1.41 830.49

Carbohydrate 406.91+ 390.33+ -16.58+ 0.6 393.39+ 37428+ - 19.11+ 0.2 0.6 0.95
(g) 197.32 108.72 171.17 156.92 126.08 143.99

Fat 5431+  52.64+  -1.67+ 0.7 45.95+ 50.36+ 4.41+ 0.3 0.6 0.66
(&) 30.50 18.98 26.67 18.39 22.54 20.77

Protein 82.56+ 79.11+ -3.45+ 0.3 83.90+ 86.73+ 2.83+ 0.5 0.2 0.93
(2)' 34.26 23.52 30.35 3342 30.29 31.97

All data were reported as mean+SD, otherwise they were mentioned. P<0.05 was considered as significant level.
"Logarithms of data were used for analysis. "P for difference between baseline and after the study was calculated by
paired t-test. *P after the study for difference between the groups was calculated utilizing independent sample t-test.
P for mean change between the groups was assessed employing independent sample t-test.

Table 3: Relative abundance of participants for intensity of physical activity shown before and after the study in the

intervention and control groups.

Variable Intervention group Control group
(n=30) (n=28)
Before After P value® Before After P value’
Light, n (%) 13 (43.3) 12 (40) 0.8 13 (46.6) 12 (42.8) 0.8

Medium, n (%) 17 (56.6) 18 (60) 15 (53.6) 16 (57.1)
Results for physical activity intensity were based on records from IPAQ questionnaire completed at the baseline and
at the end of the study. "Chi-square test. P<0.05 was considered as significant level.
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Table 4: Mean+SD for FBS, high sensitivity C-reactive protein and homocysteine exhibited at the baseline and after

the study in the intervention and control groups.

Variable Intervention group Control group P P P
(n=30) (n=28) value? value® value'
Before After Mean P Before After Mean P

differ- value' Differ-  valuef

ence ence
FBS" 177770+ 172.20+ -5.5+ 04 183.89+ 188.29+ 4.4+ 0.3 0.6 0.1 0.94
(mg/dL) 58.31 71.17 65.69 57.69 49.45 54.04
Homocysteine™ 18.07+ 2579+ 7.72+ <0.001 16.11= 23.16= 7.06+ <0.001 0.2 0.02  0.69
(umol/L) 6.06 4.61 6.90 6.48 3.65 5.78
hs-CRP* 1.04=+ 1.26+ 0.22+ 0.2 1.65+  3.08+ 1.43+ 0.001 04 0.02 0.03
(mg/L) 0.93 1.21 1.12 2.17 4.30 2.76

All data were presented as mean+SD. P<0.05 was considered at significant level. hs-CRP: High sensitivity C-reactive
protein. “Logarithms of data were used for analysis. P within the group was calculated utilizing paired t-test. P for
differences before the study was calculated between the groups employing independent sample t-test. *P for difference
between groups after the study was determined applying independent sample t-test. 7P for mean change between the
groups was evaluated using independent sample t-test.

FBS modification happened during the study period as a placebo in their work and consuming yogurt
between groups but not significantly (p=0.94). with sumac in our study. The strength of Rahideh
During the study, serum homocysteine level et al’s work (17) can be use of higher amounts of
increased in both groups (mean difference+=SD sumac powder. In our study, we used 6 grams per
in intervention=7.72+6.90 (p<0.001), and for day of sumac, while in their research, 3 grams per
control=7.06+5.78 (p<0.001)); however the mean day were consumed.

difference was not significant between the groups Sumac similar to other usual condiments is
(p=0.69). The hs-CRP in intervention group showed rich in antioxidants and is widely used in eastern
a rise, but the increment was not statistically countries. Laboratory analysis showed that GA
significant (mean difference+=SD=0.22+1.12, p=0.2); is an active substance of sumac (6). In a clinical
while, the increment was significant in the control trial done by Ferk et al., 8 rats were fed by 0.02 g/

group (mean difference£SD=1.43+2.76, p=0.001). In kg body weight/day of sumac and 0.2 mg/kg body
addition, the mean change for hs-CRP between the weight/day of GA for 3 days. A possible powerful

groups was statistically significantly (p=0.03). Also protective effect for GA against ROS-induced
after the study, homocysteine and hs-CRP levels DNA damage was observed (24). The imbalance
were different between the groups (p=0.02). Possible between ROS and antioxidants suggested that it
side effects were checked using phone calls during can lead to oxidative stress and triggers diseases
the study and at the end of the study, no side effects such as diabetes. Consequently, the imbalance of
were reported by participants. ROS can cause vascular and neurodegenerative

disorders related to diabetes. These effects are due

DT (o ROS damages and a change in DNA signaling

Our results indicated that daily consumption of (25). As GA is found in sumac, sumac might prevent
sumac powder in the amount of 6 grams in patients the increment of ROS and its effect on T2DM (6).
with T2DM significantly raised homocysteine, The results of Chacraborty et al.’s study revealed a
but the mean difference between using and not protective effect of sumac against DNA damage. It
using sumac was not significant (p=0.69). The was proposed that GA may be responsible for these
hs-CRP level increased in the control group in properties of sumac. Substances exist in sumac such
comparison to the intervention group revealing as tannin and GA (26). Tannic acid extracted from
that sumac could prevent the rise in hs-CRP. Also, Rhus chinensis Mill by improving antioxidants was
the mean differences between the groups showed demonstrated to clear the O-2 glycoprotein (7).

a beneficial effect of sumac on hs-CRP. Rahideh In the study of shidfar et al. by using total
et al. similarly investigated the effect of sumac antioxidant capacity (TAC), the antioxidant
powder on malondialdehyde, paraoxonase 1, and properties of sumac were illustrated. In this study,
hs-CRP (17) and noticed a reducing effect of sumac in comparison with baseline, TAC significantly
on hs-CRP, which is in line with our finding. There increased (p<0.0001), and also the difference between
are differences between our works that might the groups was significant (»<0.05) (27). Moreover,
slightly affect the results including use of lactose a probable hypoglycemic effect of sumac might be
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due to regulating insulin secretion or action (28).
Lack of placebo and blinding the participants in
our investigation can be the possible cause of these
discrepancies between studies. In addition, presenting
lactose as a placebo can affect the results of the
above-mentioned study. Mirhadi ef al. investigated
the effect of sumac powder on blood glucose in rats
revealing a significant increment in blood glucose
(p<0.05). In this study, the dosage of sumac was 0.5
g/kg body weight of rats, while this high dosage can
cause a rise in blood glucose (29) due to the effect on
the pancreas beta cells’ function. We also observed
some increases in blood glucose, although it was not
significant. Differences in doses of sumac and its safe
dose can explain the differences in the findings. On
the other hand, an investigation by Giancarlo et al.
exhibited that alcoholic extract of sumac fruit can
lead to a reduction in blood glucose by suppression
of the alpha-amylase enzyme, suggesting this effect
to be due to the existence of flavonoids in sumac (30).
Bringing these findings together, considering the
hypoglycemic effect of quercetin, the hypoglycemic
effect of sumac extract can be related to the presence
of this compound based on increasing insulin
sensitivity (31).

Polyphenol compounds existing in sumac were
shown to have beneficial effects on T2DM by
lowering the digestion of starch via suppressing
a-amylase and a- glucosidase. Moreover, these
compounds can protect B-cells of the pancreas
from the damaging effects of high blood glucose
(6). Also, they may inhibit series of reactions on
proteins called glycation and thus, forming glycated
products (31). It was demonstrated that polyphenols
extracted from plants can prevent chronic diseases
caused by inflammation such as diabetes (32). From
other points of view, numerous studies reported that
the aggregation of the immigration of smooth muscle
cells plays an important role in the pathogenesis of the
obstructive vascular disease (33, 34). Antioxidants
can also prevent atherosclerosis (35, 36). Tannin
and its derivatives were mentioned as vigorous
antioxidants to inhibit the immigration of smooth
muscle cells (37). Sumac is a rich source of tannin
and use of pure tannin extracted from sumac was
shown to cause a 62% reduction in the immigration
of smooth muscle cells (38).

A study done by Ahmadi et al. revealed that
pomegranate peel extract, a rich source of tannin, can
considerably reduce the formation of atherosclerosis
rate and lead to early repair of endothelial damage (39).
These findings displayed that the tannin in sumac
could prevent atherosclerosis (38) denoting to
the reason of discrepancy in the present study
with others. The participants of the present study

were older than other studies as the mean age of
participants in the intervention group was 52.30+7.05
years and in the control group was 51.61+£7.07 (17).
On the other hand, participants of our study suffered
from diabetes for 7.8 years in the intervention and 7.6
years in the control group (data were not shown). If
this intervention was done on new cases of diabetes
or even pre-diabetics, it might show a positive effect.
The considerable point is a few studies regarding
the antidiabetic and antioxidant effects of sumac,
especially in humans. Most of the studies have
been done on experimental animals (26, 29, 40).
The conditions of the laboratory environment were
highly controlled and the development of disease in
animals was artificial revealing the need for more
trials in human beings.

There were limitations in our study. In our work,
we intended to use a placebo in the control group
to increase the quality of the trial. However, due to
the high number of capsules needed for 6 grams of
sumac or placebo, it was not feasible, so it can be
considered as the limitation of our study. Also, we
were not able to blind our study. Our participants
were suffering from diabetes for a long period, which
might affect our results. We used a higher dosage
of sumac in comparison to a similar study done by
Rahideh et al. (17) and also, for the first time, we
assessed the effect of sumac powder on homocysteine
in T2DM patients. According to the lack of studies
that investigated the effect of sumac in T2DM, it is
recommended further studies with higher sample
sizes, different dosages, and trial periods, assessing
different oxidant factors, controlling possible
confounders, and including younger participants
to be conducted. Also, it can be useful to include
pre-diabetic patients or T2DM patients who have
no struggle with T2DM for a long time.

Conclusion

This study showed that daily consumption of sumac
powder for 3 months may not have a reducing effect
on fasting serum homocysteine in patients with
T2DM. This is while, 6 grams of sumac per day for
3 months could inhibit increase in hs-CRP level of
individuals with T2DM.
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