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Background: Herbal products with potential antioxidant effects can be used in the 
management of chronic disorders such as osteoporosis. Objectives: The aim of 
this study was to evaluate the effects of Nigella sativa  (NS) and curcumin  (CUR) 
supplementation on oxidative stress biomarkers in postmenopausal women with 
primary osteoporosis or osteopenia. Methods: In this randomized controlled 
trial, conducted from August 2018 to April 2019 using a triple‑blind factorial 
design, 120 postmenopausal women with primary osteoporosis  (n  =  74) or 
osteopenia  (n  =  46) were randomly allocated to 430 person groups, namely the 
NS, CUR, NS  +  CUR, and placebo groups. Participants in these groups daily 
received one 1000 mg NS oil capsule and one CUR placebo capsule, one 80 mg 
nanomicelle CUR and one NS placebo capsule, one 1000 mg NS oil capsule and 
one 80 mg nanomicelle CUR capsule, and two placebo capsules, respectively. The 
intervention lasted 6 months. The serum levels of the superoxide dismutase (SOD), 
total antioxidant capacity  (TAC), and malondialdehyde  (MDA) oxidative stress 
biomarkers were assessed before and after the intervention. Results: SOD serum 
level significantly increased in the NS and the NS + CUR groups and its posttest 
value in the NS + CUR group was significantly more than the placebo group (mean 
differences = 100.4, 95% confidence interval = 21.9–178.9; P = 0.013). TAC serum 
level significantly increased in the NS + CUR group and its posttest value in this 
group was significantly more than the placebo group (mean difference = 0.23; 95% 
confidence interval  =  0.05–0.41; P =  0.011). No significant change was observed 
in MDA serum level in any of the study groups  (P  >  0.05). Conclusion: CUR 
is probably ineffective in significantly reducing oxidative stress, while NS can 
relatively alleviate oxidative stress and NS  +  CUR can considerably alleviate 
oxidative stress in postmenopausal women with primary osteoporosis or osteopenia.
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Introduction

Osteopenia and osteoporosis are defined as, 
respectively, a bone mineral density  (BMD) of 

1–2.5 and more than 2.5 standard deviations  (SD) 
below the mean BMD of the adult population.[1,2] 
Primary osteoporosis is caused by the decreased levels 
of sex hormones due to aging and menopause, whereas 
secondary osteoporosis occurs due to problems such as 
local infection or inflammation, renal failure, diabetes 
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mellitus, rheumatoid arthritis, thyroid disorders, 
Cushing’s disease, malnutrition, systemic inflammation, 
and intake of medications such as corticosteroids and 
furosemide.[3,4] Dramatic changes in demographic 
patterns, the high prevalence of osteoporosis, and its 
debilitating complications have turned osteoporosis into 
a critical health challenge in Iran.[5,6]

Sex hormones, such as estrogen, can act as antioxidants 
and protect bones against oxidative stress. Accordingly, 
postmenopausal decreased level of estrogen is associated 
with decreased ability of the antioxidant system, the 
exposure of the organs to oxidative stress, increased bone 
resorption, and decreased bone formation.[3,7‑10] Therefore, 
pharmacological therapy in addition to healthy eating, 
regular physical exercise, and avoidance from smoking 
and alcohol are among the most important strategies for 
osteoporosis prevention.[11] Pharmacological therapies 
for osteoporosis prevention and management include 
anti‑resorptive agents such as bisphosphonates and 
calcitonin, hormone replacement therapy, bone‑forming 
agents such as parathyroid hormone, and selective 
estrogen receptor modulators such as raloxifene.[12,13] 
However, these therapies have various side effects and 
may be associated with treatment failure.[14]

Given the side effects of pharmacological therapies, 
nonpharmacological therapies, such as medicinal 
plants and herbal products, have received special 
attention in recent years due to their fewer side effects, 
cost‑effectiveness, and easy accessibility. Herbal products 
can improve bone health and prevent postmenopausal 
osteoporosis,[14] through mechanisms such as 
estrogen‑like activity, antioxidant and anti‑inflammatory 
effects, and modulation of the signaling pathways.[15]

Nigella sativa  (NS) is a useful medicinal plant from the 
Ranunculaceae family with different anticarcinogenic, 
antioxidant, antihypertensive, antidiabetic, 
and antiseptic effects. Moreover, some studies 
reported its protective effects against osteoporosis 
progression.[16‑18] Curcumin  (CUR), a herbal derivative 
found in the rhizomes of Curcuma Longa that belongs 
to the Zingiberaceae family,[19] is another herbal 
compound used for therapeutic purposes in patients 
with neurological, cardiovascular, hepatic, biliary, and 
renal disorders, coagulopathy, and hypertension. It also 
has potential anti‑inflammatory and antioxidant,[7,20] 
antiresorptive, and antiosteoporotic effects.[7,19,20]

Since taking care of women throughout their life, 
including menopause, is one of the duties of midwives, 
knowing the factors related to the health of this period 
and optimal care in this field is mandatory. Despite 
the potential positive effects of NS and CUR on 

osteoporosis, there are limited studies into their effects 
on oxidative stress biomarkers in menopause‑induced 
primary osteoporosis and osteopenia. Since, the present 
study was conducted to narrow this gap.

Objectives
The aim of this study was to evaluate the effects of 
NS and CUR supplementation on oxidative stress 
biomarkers in postmenopausal women with primary 
osteoporosis or osteopenia.

Methods
Design and participants
This is a triple‑blind factorial randomized controlled trial 
that was performed on 120 postmenopausal women with 
primary osteoporosis  (n  =  74) or osteopenia  (n  =  46) 
selected from healthcare centers in Tabriz, Iran, from 
August 2018 to April 2019.[21] Inclusion criteria were 
postmenopausal osteoporosis or osteopenia, age of 
50–65 years, BMD T‑score of −1 to −2.5 for osteopenia 
and BMD T‑score of <−2.5 for osteoporosis in the 
lumbar spine or femoral neck, no intake of medications 
affecting bone metabolism, 25‑hydroxy Vitamin D 
level more than 20  ng/ml, and no history of pathologic 
fracture, secondary osteoporosis, premature menopause, 
renal failure, malignancy, peptic ulcer, gallstone, 
hypercalcemia, hypocalcemia, coagulopathy, or allergic 
reaction to NS or CUR supplements. Women with BMD 
T‑score <−4 in the lumbar spine or <−3.5 in the femoral 
neck were not included.

Sample size was determined using the G*Power 
Version 3.1.9.4 (Germany) and based on the results of 
a previous study which reported that the mean scores of 
superoxide dismutase  (SOD), malondialdehyde  (MDA), 
and total antioxidant capacity (TAC) in two groups were 
3.86 ± 0.76 and 2.95 ± 0.78, 3.05 ± 0.91 and 3.87 ± 0.98, 
and 3.84  ±  0.62 and 3.17  ±  0.32, respectively.[22] 
Accordingly, with a power of 0.80 and a confidence 
level of 0.95, sample size per group was determined to 
be 13 for the SOD variable, 22 for the MDA variable, 
and ten for the TAC variable. With a probable attrition 
rate of 30%, the final sample size was considered to be 
30 per group. The sample size calculation formula was

( ) ( )
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Participants were randomly assigned to four groups 
through block randomization with a block size of 4 
and 8, using the Random Allocation Software, and with 
an allocation ratio of 1:1:1:1. The four groups of the 
study were NS, CUR, NS + CUR, and placebo groups. 
For allocation concealment, a statistician generated 
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and concealed random allocation sequence, labeled 
four types of sixty‑capsule boxes with random codes 
generated by the software, provided them to us, and 
left the study for the purpose of allocation concealment. 
Based on the generated sequence, the capsule boxes 
were provided to participants to be taken in 2  months. 
At the end of the 2‑month period, participants referred 
to the study setting to receive new boxes of capsules for 
the next 2 months. The study consisted of three 2‑month 
courses, i.e.,  6  months in total. The members of the 
research team, participants, clinical and laboratory staff 
in the study setting, and statistical data analyst were 
blind to the allocation sequence until the end of data 
analysis.

Intervention
Participants in the NS, CUR, NS  +  CUR, and placebo 
groups daily received one 1000  mg NS oil capsule 
and one CUR placebo capsule, one 80 mg nanomicelle 
CUR and one NS placebo capsule, one 1000  mg NS 
oil capsule and one 80  mg nanomicelle CUR capsule, 
and two placebo capsules, respectively. NS oil and NS 
placebo capsules were prepared by the Barij Essence 
Pharmaceutical Company (Kashan, Iran). NS oil 
capsules were standardized based on at least 6.5 mg of 
thymoquinone and 495–605  mg linoleic acid and NS 
placebo capsules contained 1000  mg microcrystalline 
cellulose and had the same shape, color, odor, and size 
as NS oil capsules. CUR and CUR placebo capsules 
were prepared by Sina Company  (Mashhad, Iran). CUR 
capsules were standardized based on 80 mg nanomicelle 
CUR and CUR placebo capsules contained 1000  mg 
microcrystalline cellulose with the same shape, color, 
odor, and size as CUR capsules.

Participants received the allocated interventions in three 
consecutive 2‑month courses. At the beginning of each 
2‑month course, one sealed opaque envelope containing 
two thirty‑capsule boxes was provided to each participant 
based on the allocation sequences and the participant 
was asked to take two capsules per day. Besides, the 
participant was provided with a checklist to document 
the daily use of the capsules and was asked to refer to 
the study setting at the end of the 2‑month course in 
order to deliver the checklist and the boxes and receive 
a new two‑box envelope and a new checklist. The 
delivered boxes and the checklists were used to assess 
the level of compliance with the intervention through 
counting the number of the remaining capsules. Besides, 
monthly telephone contacts were made with participants 
in order to ensure their intake of the capsules.

Data collection instruments
Participants’ demographic characteristics were assessed 
at baseline using a demographic questionnaire with 

items on age, menopause age, gravidity, parity, duration 
of breastfeeding, and duration of menopause. Weight 
was measured with minimal clothing and using a weight 
scale (Seca, Germany) with a precision of 0.1 kg. Height 
was also measured without shoes and in a standard 
position using a stadiometer  (Seca, Germany) with a 
precision of 0.1  cm. Then, body mass index  (BMI) 
was calculated through dividing weight  (in kilogram) 
by height  (in meters squared). Dietary intake was 
also assessed both at baseline and at the end of the 
study using a 3‑day food record and the data were 
analyzed in terms of total energy, macronutrients, fiber, 
vitamins, and minerals with antioxidant properties 
via the Nutritionist IV software  (San Bruno, Canada) 
modified based on Iranian foods. Moreover, physical 
activity was assessed through the Persian International 
Physical Activity Questionnaire. This questionnaire 
has acceptable validity and reliability.[23] For oxidative 
stress biomarker assessment, a 10‑mL venous blood 
sample was taken from each participant after 12  h of 
overnight fasting both at baseline and at the end of the 
intervention. The serums of the samples were obtained 
through centrifugation at 2500  rpm for 10  min at a 
temperature of 25°C and were stored at −80°C until the 
final assay at the end of data collection. The levels of 
serum TAC, SOD activity, and MDA were measured 
using Naxifer™ kits at 593  nm, NASDOX™ kits at 
405 nm, and Nalondi™ kits at 550 nm, respectively. The 
potential side effects of the interventions were assessed 
during and after the intervention using a checklist with 
items on nausea, vomiting, belching, headache, and 
unpleasant taste as well as an open question about any 
other side effects.

Ethical considerations
The Ethics Committee of Tabriz University of 
Medical Sciences, Tabriz, Iran, approved this 
study  (code: IR.TBZMED.REC.1397.1032) and the 
study was registered in the Iranian Registry of Clinical 
Trials  (code: IRCT20131009014957N4). All participants 
were informed about the study aim, data confidentiality, 
and their freedom to voluntarily withdraw from the study 
and their personal written informed consent was obtained.

Data analysis
The data were analyzed using the SPSS software 
(v. 23.0, Chicago, IL, USA), based on the intention to treat 
principle, and at a significance level of <0.05. The kurtosis, 
skewness, and SD measures were used for normality 
testing and the data were presented using mean, SD, 
median, range, absolute frequency, and relative frequency. 
The one‑way analysis of variance and the Kruskal–Wallis 
test were used for group comparisons and the analysis of 
covariance was used for group comparisons adjusted for the 
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confounding effects of the baseline measures of variables 
such as age, BMI, and physical activity. Moreover, the 
paired‑sample t and the Wilcoxon signed‑rank test were 
performed for within‑group comparisons.

Results
Capsule count at the end of each 2‑month course of 
the intervention revealed that compliance with the 
intervention was over  90% in all groups. Totally, 5 
participants were excluded from the study groups, and 
finally, the data obtained from 85 participants  (28, 30, 

28, and 29 participants in the NS, CUR, NS + CUR, and 
placebo groups, respectively) were analyzed [Figure 1].

The total means of participants’ age, BMI, lumbar 
spine BMD, and femoral neck BMD were respectively 
57.79 ± 3.76 years, 28.18 ± 3.82 kg/m2, 0.77 ± 0.09 g/cm2, 
and 0.76 ±  0.09  g/cm2 and the median  (Minimum  [Min], 
Maximum  [Max]) of their total physical activity was 
396 (50, 4765.5) MET‑min/week. There were no significant 
differences between the four groups respecting participants’ 
age, menopause age, gravidity, parity, durations of 
breastfeeding and menopause, weight, height, BMI, 

Table 1: Group comparisons respecting participant’s characteristics at baseline
Characteristics Groups, mean ± SD or median (minimum-maximum) P

Placebo (n = 30) NS (n = 30) CUR (n = 30) NS+CUR (n = 30)
Age (years) 58.43 ± 3.41 57.31 ± 4.37 58.00 ± 3.50 57.43 ± 3.80 0.640a
Menopause age (years) 48.13 ± 3.73 47.89 ± 4.40 48.76 ± 3.64 48.60 ± 3.82 0.816a
Gravidity (n) 5.10 ± 2.11 4.03 ± 2.11 3.85 ± 1.93 4.96 ± 2.59 0.074a
Parity (n) 4.06 ± 1.43 3.37 ± 1.61 3.35 ± 1.72 4.17 ± 2.10 0.149a
Duration of breastfeeding 
(months)

69.10 ± 42.05 60.00 ± 33.57 59.42 ± 39.27 75.59 ± 46.96 0.409a

Duration of menopause (years) 10.21 ± 4.7 9.41 ± 4.5 9.23 ± 4.41 8.83 ± 4.6 0.770a
Weight (kg) 70.10 ± 10.10 67.47 ± 10.97 64.90 ± 8.94 65.63 ± 8.26 0.165a
Height (cm) 156.08 ± 5.42 155.48 ± 6.44 153.13 ± 6.95 147.87 ± 30.02 0.188a
BMI (kg/m2) 28.77 ± 3.81 27.89 ± 4.07 27.73 ± 3.81 28.33 ± 3.68 0.723a
BMD (g/cm2)
Lumbar spine 0.76 ± 0.08 0.76 ± 0.09 0.76 ± 0.09 0.78 ± 0.09 0.887a
Femoral neck 0.77 ± 0.10 0.77 ± 0.08 0.75 ± 0.08 0.76 ± 0.11 0.840a

Total physical activity 
(MET‑min/week)

359.25 (0.00-4426.50) 346.50 (132.00-4158.00) 792.00 (66.00-2559.00) 749.25 (99.00-4765.50) 0.012b

aThe results of the one‑way analysis of variance, bThe results of the Kruskal-Wallis test. BMI: Body mass index, BMD: Bone mineral 
density, SD: Standard deviation, MET: Metabolic equivalent, CUR: Curcumin, NS: Nigella sativa

Assessed for eligibility (n = 730)

Randomized (n = 120)

Excluded (n = 610)
- Not meeting inclusion criteria (n = 427)
- Declined to participate (n = 183)

Allocated to Placebo
group (n = 30)
- Received 2 placebo
  capsules per day for
  6 months

Allocated to NS group
(n = 30)
- Received 1 NS
  capsule and 1
  placebo capsule per
  day for 6 months

Allocated to CUR
group (n = 30)
- Received 1 CUR
  capsule and 1 placebo
  capsule per day for
  6 months

Allocated to NS+CUR
group (n = 30)
- Received 1 CUR
  capsule and 1 NS
  capsule per day for
  3 months

Lost to follow-up (n = 1)
- Medical problem
  (n = 1)

Lost to follow-up (n = 2)
- Poor compliance
  (n = 2)

Lost to follow-up
(n = 0)

Lost to follow-up (n = 2)
- Medical problem (n = 1)
- Severe belching (n = 1)

Analyzed (n = 29)
- Excluded from
  analysis (n = 1)

Analyzed (n = 28)
- Excluded from
  analysis (n = 2)

Analyzed (n = 30)
Analyzed (n = 28)
- Excluded from
  analysis (n = 2)

Figure 1: The flow diagram of the study
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lumbar spine BMD, and femoral neck BMD  (P  >  0.05). 
However, the between‑group difference respecting total 
physical activity was significant (P = 0.012) [Table 1].

At baseline, the medians  (Min, Max) of energy, 
carbohydrate, and vitamin D intake were 1792.53 
(1208.6, 3283.5) kcal/day, 245.96  (140.3, 631.1) g/day, 
and 1.60  (0.12, 5.14) µg and the means of protein, fat, 

and calcium intake were 53.70  ±  13.42, 64.48  ±  17.56, 
and 758.72 ± 205.85 g/day, respectively. Between‑group 
and within‑group differences respecting dietary intake 
were not significant (P > 0.05) [Table 2].

There were no significant differences between the 
groups respecting the baseline levels of oxidative stress 
biomarkers. The level of SOD significantly increased in 

Table 2: Within ‑ and among‑group comparisons respecting pretest and posttest dietary intake
Dietary 
intakes

Time Group, mean ± SD or meadian (minimum-maximum) P
Placebo (n = 29) NS (n = 28) CUR (n = 30) NS+CUR (n = 28)

Energy (kcal) Pretest 1785.3 (1454.18-2454.90) 1844.4 (1436.39-2921.41) 1776.4 (1342.95-3483.49) 1790.9 (1423.83-3238.72) 0.420a
Posttest 1823.8 (1300.18-3043.54) 1853.1 (1417.85-3433.19) 1855.8 (1229.26-3483.49) 1820.3 (1285.93-3020.72) 0.531a
Pc 0.319 0.679 0.251 0.493 ‑

Carbohydrate 
(g)

Pretest 245.9 (149.50-393.09) 243.2 (140.27-422.60) 241.4 (183.25-631.11) 251.2 (164.50-436.59) 0.992a
Posttest 244.5 (163.37-398.56) 244.4 (182.27-422.60) 248.7 (167.90-431.63) 269.3 (146.46-436.59) 0.967a
Pc 0.858 0.308 0.959 0.674 ‑

Protein (g) Pretest 52.8 ± 13.680 53.0 ± 12.3 53.4 ± 14.6 55.6 ± 13.5 0.835b
Posttest 52.9 ± 15.1 53.5 ± 9.4 53.8 ± 17.3 55.3 ± 14.9 0.933b
Pd 0.838 0.804 0.810 0.798 ‑

Total fat (g) Pretest 65.1 ± 17.0 65.6 ± 19.5 63.4 ± 18.3 63.8 ± 16.1 0.956b
Posttest 65.5 ± 19.4 64.7 ± 16.4 64.1 ± 22.0 65.4 ± 19.9 0.991b
Pd 0.785 0.642 0.592 0.633 ‑

SFA (g) Pretest 25.3 (10.26-50.41) 22.9 (9.01-50.92) 21.5 (11.31-55.64) 22.0 (11.78-49.61) 0.838a
Posttest 24.8 (11.54-49.45) 24.2 (17.67-33.74) 22.7 (11.39-61.09) 25.8 (16.36-32.84) 0.822a
Pc 0.807 0.825 0.878 0.926 ‑

PUFA (g) Pretest 13.4 (5.71-40.75) 14.1 (3.66-27.80) 12.0 (8.15-30.80) 13.5 (7.19-43.39) 0.913a
Posttest 13.4 (6.36-28.84) 14.1 (3.76-25.80) 11.9 (5.74-33.51) 13.9 (6.88-24.59) 0.661a
Pc 0.501 0.556 0.794 0.979 ‑

MUFA (g) Pretest 24.1 ± 7.2 24.6 ± 10.3 24.3 ± 8.3 24.6 ± 6.9 0.994b
Posttest 24.3 ± 7.8 24.5 ± 7.9 24.6 ± 8.3 24.5 ± 7. 8 0.999b
Pd 0.535 0.939 0.861 0.748 ‑

Total fiber 
(g)

Pretest 30.9 ± 10.8 30.6 ± 10.4 30.5 ± 11.5 30.8 ± 8.2 0.998b
Posttest 30.6 ± 6.5 30.4 ± 5.9 30.8 ± 6.2 30.2 ± 6.2 0.985b
Pd 0.789 0.866 0.805 0.620 ‑

Vitamin E 
(mg)

Pretest 11.7 ± 2.3 11.7 ± 2.3 11.7 ± 2.4 11.8 ± 2.4 0.994b
Posttest 11.8 ± 2.0 11.9 ± 2.6 11.7 ± 2.8 11.81 ± 3.2 0.990b
Pd 0.674 0.582 0.973 0.885 ‑

Vitamin C 
(mg)

Pretest 155.2 (63.71-291.06) 157.9 (93.27-384.31) 162.6 (37.11-321.96) 160.6 (70.81-458.31) 0.982a
Posttest 154.7 (95.05-294.06) 147.8 (94.96-406.26) 160.9 (27.10-321.96) 169.0 (43.67-461.47) 0.967a
Pc 0.433 0.733 0.831 0.958 ‑

Vitamin D 
(μg)

Pretest 1.4 (0.34-5.13) 1.6 (0.12-2.70) 1.6 (0.38-3.38) 1.6 (0.20-2.68) 0.566a
Posttest 1.6 (0.90-3.86) 1.7 (0.12-3.18) 1.5 (0.38-4.88) 1.7 (0.37-2.97) 0.883a
Pc 0.697 0.732 0.999 0.911 ‑

Calcium 
(mg)

Pretest 758.4 ± 223.7 754.8 ± 206.3 761.6 ± 201.9 760.2 ± 201.2 0.999b
Posttest 763.0 ± 186.39 759.1 ± 145.2 764.3 ± 260.0 767.6 ± 269.7 0.999b
Pd 0.908 0.909 0.940 0.881 ‑

Selenium 
(μg)

Pretest 70.5 (32.44-156.16) 72.3 (37.78-136.93) 64.4 (24.82-168.20) 69.4 (43.49-99.67) 0.856a
Posttest 70.6 (34.34-156.16) 68.1 (47.74-122.56) 66.7 (49.18-147.70) 66.1 (39.51-97.83) 0.919a
Pc 0.929 0.648 0.245 0.336 ‑

Zinc (mg) Pretest 7.2 ± 1.5 6.8 ± 1.6 6.9 ± 2.2 7.1 ± 2.1 0.895b
Posttest 7.3 ± 2.2 6.8 ± 1.5 6.9 ± 1.9 7.0 ± 1.6 0.720b

Pd 0.681 0.994 0.977 0.728 ‑
aThe results of the Kruskal-Wallis test, bThe results of the one‑way analysis of variance, cThe results of the Wilcoxon signed‑rank test, 
dThe results of the paired‑sample t‑test. SFA: Saturated fatty acid, PUFA: Poly unsaturated fatty acid, MUFA: Mono unsaturated fatty acid, 
CUR: Curcumin, NS: Nigella sativa, SD: Standard deviation
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the NS (P = 0.004) and the NS + CUR (P = 0.048) groups 
and the posttest level of SOD in the NS + CUR group was 
significantly more than the placebo group (adjusted mean 
difference  =  100.39; 95% confidence interval  =  21.87–
178.90; P = 0.013). Moreover, TAC level in the NS + CUR 
group significantly increased  (P  =  0.005) and its posttest 

level in the NS + CUR group was significantly more than 
the placebo group (adjusted mean difference = 0.23; 95% 
confidence interval = 0.05–0.41; P = 0.011). The level of 
MDA did not significantly change in the study groups and 
no significant difference was observed among the groups 
respecting its posttest level (P > 0.05) [Table 3].

Table 3: Within ‑ and among‑group comparisons respecting pretest and posttest oxidative stress biomarkers
Biomarkers Time Groups (mean ± SD) P

Placebo (n = 29) NS (n = 28) CUR (n = 30) NS + CUR (n = 28)
SOD activity 
(U/mL)

Pretest 235.8 ± 61.4 231.9 ± 80.9 241.6 ± 69.9 236.36 ± 85.66 0.970a
Posttest 232.2 ± 92.4 308.2 ± 106.5 278.8 ± 136.3 308.43 ± 159.16 0.082b
AMDpre to post (95% CI) −3.5 (−50.4-43.3) 76.3 (26.8-125.8) 37.2 (−23.2-97.5) 72.06 (0.80-143.32) ‑
Ppre to post

c 0.878 0.004 0.217 0.048 ‑
AMDNS/P, P ‑ 62.9 (−12.6-138.4), 0.101d ‑ ‑ ‑
AMDCUR/P, P ‑ ‑ 41.6 (−33.8-117.0), 

0.276d
‑ ‑

AMDNS + CUR/P, P ‑ ‑ ‑ 100.4 (21.9-178.9), 
0.013d

‑

AMD CUR/NS, P ‑ 21.3 (−57.9-100.5), 0.595d ‑ ‑ ‑
AMDNS/NS + CUR, P ‑ ‑ ‑ 37.49 (−45.03-120.02), 

0.369d
‑

AMDCUR/NS + CUR, P ‑ ‑ ‑ 58.76 (−22.46-139.98), 
0.154d

‑

TAC (mmol/mL) Pretest 1.48 ± 0.32 1.42 ± 0.47 1.42 ± 0.42 1.41 ± 0.48 0.924a
Posttest 1.49 ± 0.29 1.61 ± 0.31 1.65 ± 0.30 1.72 ± 0.28 0.081b
AMDpre to post (95% CI) 0.007 (−0.18-0.19) 0.18 (−0.03-0.40) 0.22 (−0.01-0.46) 0.30 (0.10-0.51) ‑
Ppre to post

c 0.937 0.103 0.056 0.005 ‑
AMDNS/P, P ‑ 0.12 (−0.05-0.30), 0.160d ‑ ‑ ‑
AMDCUR/P, P ‑ ‑ 0.13 (−0.04-0.31), 

0.134d
‑ ‑

AMDNS + CUR/P, P ‑ ‑ ‑ 0.23 (0.05-0.41), 
0.011d

‑

AMDNS/CUR, P ‑ ‑ 0.01 (−0.17-0.19), 
0.915d

− ‑

AMDNS/NS + CUR, P ‑ ‑ ‑ 0.11 (−0.07-0.29), 
0.244d

‑

AMDCUR/NS + CUR, P ‑ ‑ ‑ 0.10 (−0.08-0.28), 
0.286d

‑

MDA (nmol/mL) Pretest 2.76 ± 0.85 2.72 ± 0.68 2.69 ± 1.44 2.71 ± 1.20 0.993a
Posttest 2.72 ± 0.90 2.72 ± 0.75 2.40 ± 0.51 2.46 ± 0.61 0.369b
AMDpre to post (95% CI) −0.04 (−0.48-0.39) 0.00 (−0.42-0.42) −0.29 (−0.90-0.32) −0.25 (−0.85-0.34) ‑
Ppre to post

c 0.835 0.997 0.341 0.383 ‑
AMDNS/P, P ‑ −0.06 (−0.45-0.33), 0.755d ‑ ‑ ‑
AMDCUR/P, P ‑ ‑ −0.34 (−0.74-0.05), 

0.093d
‑ ‑

AMDNS + CUR/P, P ‑ ‑ ‑ −0.16 (−0.57-0.25), 
0.438d

‑

AMDNS/CUR, P ‑ ‑ −0.28 (−0.69-0.13), 
0.184d

‑ ‑

AMDNS/NS + CUR, P ‑ ‑ ‑ −0.09 (−0.52-0.32), 
0.648d

‑

AMDNS + CUR/CUR, P ‑ ‑ −0.18 (−0.60-0.24), 
0.399d

‑ ‑

aThe results of the one‑way analysis of variance, bThe results of the analysis of covariance adjusted for BMI, age, energy intake and total 
physical activity, cThe results of the paired‑sample t‑test, dThe results of the post hoc Tukey’s test. PT: Total P. SOD: Superoxide dismutase, 
TAC: Total antioxidant capacity, MDA: Malondialdehyde, AMD: Adjusted mean difference, CI: Confidence interval, SD: Standard 
deviation, CUR: Curcumin, NS: Nigella sativa
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Three participants from the NS group  (10%), four 
participants from the CUR group  (13%), seven 
participants from the NS + CUR group  (23%), and five 
participants from the placebo group  (17%) reported 
side effects such as mild nausea, vomiting, belching, 
headache, and unpleasant taste sensation in the 1st  days 
of the study intervention.

Discussion
Findings revealed that NS supplementation significantly 
increased SOD level and NS  +  CUR supplementation 
significantly increased SOD and TAC levels but CUR 
supplementation had no significant effects on SOD 
and TAC levels and none of the interventions had 
significant effects on MDA level. These findings imply 
that NS is effective in significantly increasing SOD 
level and NS  +  CUR supplementation is effective in 
significantly increasing SOD and TAC levels but CUR 
supplementation has no significant effects on SOD and 
TAC levels.

Recent studies reported that CUR inhibits 
osteoclastogenesis and improves BMD and bone 
strength through increasing apoptosis and inhibiting 
osteoclast proliferation, inhibiting nuclear factor‑kappa 
B  (NF‑κB) and activating receptor activator of nuclear 
factor kappa B ligand, reducing the production of nitric 
oxide and free radicals, and inhibiting the sysnthesis 
of inflammatory cytokines.[7,24] NS can also inhibit 
osteoclastogensis and prevent bone resorption through 
different mechanisms such as inhibiting cyclooxygenase 
and lipoxygenase that synthesize prostaglandins and 
leukotrienes from arachidonic acid and neutralizing 
free radicals that activate NF‑κB and increase 
bone‑resorbing cytokines including interleukin‑1 and 
interlekin‑6.[16]

The results of a study into the antioxidant effects of CUR 
indicated that the daily intake of 80  mg nanomicelle 
CUR for 10  weeks significantly increased TAC serum 
level and decreased MDA serum level in infertile men.[25] 
Another study showed that the daily intake of 1500 mg 
curcuminoid for 6  months significantly increased 
SOD level and decreased MDA level in patients with 
knee osteoporosis.[26] Similarly, a study found that the 
daily intake of 1000  mg curcuminoid and piperine for 
8  weeks increased SOD and TACK serum levels and 
decreased MDA serum level in patients with type  2 
diabetes mellitus.[27] However, our findings revealed 
the ineffectiveness of CUR in significantly increasing 
SOD and TAC levels and decreasing MDA level. This 
contradiction is attributable to differences among studies 
with respect to CUR dosage, type of CUR supplement, 
and their participants’ health status and characteristics.

Study findings also indicated that NS significantly increased 
SOD level but had no significant effects on TAC and MDA 
levels. A  previous study showed that the daily intake of 
1000 mg NS oil for 8 weeks significantly decreased MDA 
serum level in women with rheumatoid arthritis.[18] Another 
study revealed that the daily intake of 2000 mg NS powder 
for 12  months significantly increased the serum levels of 
SOD and TAC in patients with type 2 diabetes mellitus.[28] 
Moreover, a study found that the intake of 2000 garlic pearl 
and 3000 mg NS powder for 8 weeks decreased MDA and 
increased SOD serum levels.[29]

One of the strengths of the study was the assessment 
of bone resorption in early menopause ages that helped 
provide a basis for timely prevention or management 
of menopausal osteoporosis and health promotion in 
older adulthood. Another strength of the study was the 
acceptably long duration of the intervention, i.e. 6 months. 
This study also had some limitations such as limited 
financial resources to select a large sample of women 
with osteoporosis that forced us to include women with 
osteopenia in addition to women with osteoporosis.

Conclusion
This study concludes that CUR has no significant effects 
on SOD, TAC, and MDA levels, NS can significantly 
increase SOD level but has no significant effects on 
TAC and MDA levels, and combined NS and CUR can 
significantly increase SOD and TAC levels and has no 
significant effect on MDA. Therefore, CUR is probably 
not effective in significantly reducing oxidative stress, 
while NS can relatively alleviate oxidative stress and 
NS  +  CUR can considerably alleviate oxidative stress 
in postmenopausal women with primary osteoporosis 
or osteopenia. Therefore, it is recommended that 
midwives take the supplemental role of these herbs into 
consideration in treatment and caring for postmenopausal 
osteoporosis, especially in dietary recommendations.
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