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Abstract

Background: Diabetic nephropathy (DN) is one of the most important complications of type 2 diabetes (T2DM).
Oxidative stress and inflammatory cytokines play an essential role in the development and progression of DN. Despite
adopting appropriate therapies, many patients with DN progress to end-stage renal disease (ESRD). Therefore, explor-
ing innovative strategies for better management of DN is crucial. Crocin, a natural compound found in saffron, has
profound antioxidant, antifibrotic and anti-inflammatory properties. This study aimed to evaluate the therapeutic
effects of crocin in attenuation of the progression of DN.

Methods: In this randomized, triple-blind, placebo-controlled clinical trial, 44 patients with T2DM and microalbu-
minuria were randomly assigned to receive either crocin (15mg/day) or a placebo for 90 days. Eventually, 40 patients
completed the study: 21 patients in the crocin group and 19 in the placebo group. The primary outcome was a
change in urine Albumin-to-Creatinine Ratio (UACR) from baseline to the end of the treatment period. We also evalu-
ated metabolic, anthropometric, and biochemical parameters as the secondary outcomes.

Results: The results of the present study showed that UACR increased in both groups, but the increment was not
significantly higher in the crocin group compared with the placebo. Serum levels of transforming growth factor-3
(TGF-B) decreased in the crocin group and increased in the placebo group, but none of these changes was significant.
Crocin significantly reduced triglyceride (TG) as an important metabolic parameter (P-Value=0.03).

Conclusion: This study has shown that crocin may be a safe and potential adjunct to conventional therapies for DN
patients but because of our limitations such as short duration of the treatment period, and prescribing low doses of
crocin, we could not achieve the significant level.
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Introduction

DN is the main cause of the ESRD worldwide and affects
25-40% of diabetic patients with a higher prevalence in
type 1 diabetes mellitus (T1DM) compared with T2DM
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and eventual kidney failure [2].
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Various metabolic, inflammatory, and hemodynamic
pathways have been implicated in the development and
progression of DN. Chronic hyperglycemia, hyperten-
sion, dyslipidemia, protein kinase C (PKC) activation,
and polyol metabolism abnormalities are some of the
pathological events involved in this. Moreover, the gen-
eration of advanced glycation end-product (AGEs), reac-
tive oxygen species (ROS), and increased secretion of
profibrotic cytokines, e.g., TGF-p and connective tissue
growth factor (CTGF) are the most common related fac-
tors [2, 3].

DN is known as an independent risk factor for car-
diovascular disorders (CVD). The mortality of CVD is
mostly related to DN and microalbuminuria in diabetes
patients aged less than 50years [2—4]. Currently, avail-
able therapies including management of hyperglycemia,
dyslipidemia, and BP, are not uniformly successful in pre-
venting, reversing, or stabilizing renal injury in patients
with diabetic nephropathy. Eventually, many of these
patients need some form of renal replacement therapies
even if they receive the best available nephroprotective
medicines [5].

Other common alternative pathways contributing to
DN pathogenesis are oxidative stress and inflamma-
tion [6, 7]. Previous studies reported promising results
of therapeutic agents that target these pathways [7, 8].
Nevertheless, the endeavor to find novel antioxidant and
anti-inflammatory agents that prevent the progression of
DN while lacking major adverse effects continues [6, 7,
9l.

Crocus sativus L., commonly known as saffron contains
several compounds such as crocin, which is the main
antioxidant in saffron [10]. Crocin (crocetin di-gentio-
biose ester) is a bioactive constituent in the flowers of the
Crocus and Gardenia genus [11]. Crocin exerts potent
antioxidant [12], anti-inflammatory [12], antihyperten-
sive [13], and antifibrotic [14] properties. This natural
product has been used for the management of kidney and
urinary disorders in folk medicine [15].

In a recent preclinical study in rat animal model,
crocin has improved impaired renal functions as shown
by reduction in serum creatinine (SCr) levels, blood
urea nitrogen (BUN) and proteinuria with concomi-
tant increase in urinary clearance of creatinine in ani-
mal model of diabetic nephropathy. Furthermore, crocin
decreased the serum lactate dehydrogenase (LDH) and
kidney content of nitric oxide synthase (NOS), malondi-
aldehyde (MDA), toll-like receptors 4 (TLR-4) and inter-
leukin 6 (IL-6) significantly with a remarkable increase
in the renal antioxidants such as superoxide dismutase
(SOD), glutathione (GSH) and serum catalase activity.
Moreover, crocin inhibited the progression of renal fibro-
sis [12].
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However, although this herbal medicine has a high
safety profile with no major side effects [16], no clinical
trial to date has evaluated the potential supplemental
efficacy of crocin in preventing the progression of DN.
Considering these facts; the current trial was performed
to evaluate the efficacy of the crocin in attenuating the
progression of DN in patients with T2DM.

Materials and methods

Trial design

This study was a randomized, triple-blind, placebo-con-
trolled, 2-arm parallel-group, phase 2 clinical trial using
a 1:1 ratio of allocation. All methods were performed in
accordance with relevant guidelines and regulations. This
study was reviewed and approved by the local ethics com-
mittee of Yazd University of Medical Sciences (IR.SSU.
MEDICINE.REC.1398.085) and performed in accord-
ance with the Declaration of Helsinki and Good Clinical
Practice Guidelines. The study was registered on Iranian
Registry of Clinical Trials (IRCT20190810044500N4).
All patients were given informed written consent before
enrollment in this study.

Participants

Patients aged >18years with T2DM who received routine
care of DM and were referred to a university affiliated
Diabetes Clinic were evaluated for inclusion criteria eli-
gibility. Baseline demographic and laboratory data were
recorded.

Inclusion criteria were: (1) a history of T2DM for at
least 5 years, as defined by the World Health Organi-
zation (WHO) (2) fasting uACR >30mg/g on two
separate occasions within the past 3 months (3) gly-
cosylated hemoglobin Alc (HbAlc)<8% (4) systolic
blood pressure (SBP)<160 or diastolic blood pressure
(DBP) <100mmHg (5) SCr levels <2mg/dL (6) treatment
of hyperglycemia with (but not limited to) an oral hypo-
glycemic agent or insulin (7) treatment of hypercholes-
terolemia within (but not limited to) a statin.

Exclusion criteria were: (1) eGFR <30 mL/min/1.73 m?
(2) chronic heart failure with New York Heart Associa-
tion (NYHA) class III or IV (3) alcohol dependency or
cigarette smoking (4) use of nonsteroidal anti-inflamma-
tory drugs (NSAIDs) and antioxidant supplements within
3 months before enrollment in the study (5) recent stroke,
active cancer or anemia (6) recurrent urinary tract infec-
tion (UTI) (7) pregnancy and lactation (8) drug intoler-
ance (9) serious medical conditions in which the patient
is unable to attend the follow-up visits (10) mental condi-
tions that prevent informed consent for enrollment in the
study or follow the study protocol.



Jaafarinia et al. BMC Complementary Medicine and Therapies

Interventions

Both crocin and placebo tablets were purchased from
Pouyesh Darou Sina Pharmaceutical Company and were
supplied by the Yazd School of Pharmacy in similar pre-
packed bottles numbered for each patient according to
the randomization sequence. Patients received either one
tablet of crocin 15mg or one tablet of placebo daily for
90days. This dosage was selected based on the results of
previous studies and for an acceptable safety profile [17].
Patients then continued taking their antihypertensive,
antidiabetic, and antidyslipidemic medications with no
modification in either dosage or type of drug through-
out the study. They were also advised to avoid taking any
antioxidant or vitamin supplements and saffron in food
during the study.

Randomization and masking

Forty-four eligible patients were randomly assigned to
either of two groups (crocin and placebo). A randomized
list was generated by Microsoft Excel software with a
block randomization method. Both intevention and pla-
cebo tablets were similar in size, shape, weight, and color.
Clinical investigators, laboratory personnel, and patients
were all masked to the treatment assignment. To ensure
the adherence of the patients to their medications, the
research team kept in close contact with all patients
throughout the follow-up visits.

Assessment

Demographic data including age, gender, height, weight,
body mass index (BMI), and BP were measured and
recorded for each patient. After 12h of fasting, 15- ml
blood and spot urine samples were collected at baseline
and after 90days of intervention for each patient. All
blood samples were immediately centrifuged at 4000 rpm
(rpm) for 10 minutes, and the sera were transferred to
a—80°C freezer until biochemical analysis. Fresh, morn-
ing first-void urine samples were also collected for meas-
urement of urine albumin and creatinine. at baseline and
at the end of the treatment phase for all patients.

To decrease the variation in urinary albumin excretion,
patients were instructed to maintain similar physical
activities on each day before overnight urine sampling,
and unusual changes in physical activity should be
avoided.

Metabolic, anthropometric and biochemical param-
eters, including weight, height, BMI, BP, fasting blood
sugar (FBS), HbAlc, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), BUN, urine micro-
albumin, SCr, uACR, eGFR, lipid profile, and serum
TGE-P were evaluated at baseline and at the end of the
treatment period in all patients. Height was measured
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with a stadiometer, and weight with a standard bal-
ance weighing scale. BMI was calculated as weight
divided by the square of height (kg/m?). BP was meas-
ured two times on the right arm with a standard mer-
cury sphygmomanometer (mmHg) after a 15-min rest
in sitting position. Serum and urinary creatinine were
measured by an autoanalyzer using the Jaffé method.
Urinary albumin, FBS, lipid profiles, BUN, CRP were
also measured by autoanalyzer. HbAlc was measured
by high-performance liquid chromatography (HPLC).
ESR was measured by an ESR analyzer using Wester-
gren method. Serum TGF-f were measured by enzyme-
linked immunosorbent assay (ELISA) kit (Karmania
pars gene) and eGFR was calculated using the 4-varia-
ble modification of diet in renal disease (MDRD) Study
equation.

As part of the safety evaluation, adverse effects of
Crocin including sleep disorders, nausea/ vomiting,
feet swelling, mild tremor, stomachache, increased
appetite, redness, swelling/burning of eyes, and sub
conjunctival hemorrhage were asked weekly.

Sample size

Sample size was calculated by a statistician based on
data from a previous study [18]. to detect a mean differ-
ence of 450mg/g in absolute change in UACR between
the 2 groups with standard deviation of 1000 mg/g,
2-sided significance level of 5%, and power of 80%, the
sample size was calculated 22 patients per group.

2
"= (z% + Zg) 252/(X; — X»)>

Statistical analysis

The quantitative and qualitative variables were reported
as mean*standard deviation (SD), median =+ inter-
quartile range (IQR), and number (frequency). The
normality of the data was assessed by Shapiro-Wilk and
Kolmogorov-Smirnov tests. Baseline data with normal
distribution were compared between two groups using
independent-samples ¢-test. Baseline data with skewed
distribution were analyzed using Mann-Whitney U test.
For comparisons of variables with normal and skewed
distribution of data before and after the intervention in
each group, paired-samples ¢-test and Wilcoxon Signed
Ranks Test were performed, respectively. Chi-square
test was used to compare qualitative variables. All the
statistical analysis was conducted by Statistical package
for social science (SPSS) software version 26. P-values
<0.05 were considered statistically significant.
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Results

The eligibility screening phase of this study began
in December 2019 and was completed in November
2020. A total of 44 (52% men) were enrolled in the
study and randomly assigned (1:1) to the crocin group
(22 patients) or the placebo group (22 patients). Two
patients in the placebo group withdrew their follow-
up sections and dropped out of the study because they
did not use the formulation correctly. Moreover, one
patient in the crocin group were excluded from the
study due to tremor and one patient in the placebo
group due to dysuria, although none of these com-
plaints were serious. Eventually, 40 patients completed
the 3-month treatment phase of the study: 21 patients
in the crocin group and 19 in the placebo group (Fig. 1).
As illustrated in Table 1, there were no statistically sig-
nificant differences between the crocin and placebo
groups in terms of baseline anthropometric, clinical
and biochemical parameters.
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As listed in Table 2, comparison of the crocin and
placebo groups for changes in variables (before- after)
showed that mean serum TG levels decreased signifi-
cantly in the crocin group compared with the increasing
values in the placebo group (P-Value=0.03). Moreover,
the mean BMI, SBP, and DBP and median serum TGEF-
levels decreased in the crocin group compared with the
placebo group but none of these changes were statisti-
cally significant. Mean FBS and HgAlc levels increased
in both groups. Although this increase was greater in
the placebo group, these changes were not significant.

Mean values for changes in TC, HDL, LDL, BUN, and
as well as median values for changes in SCr, ESR, CRP,
urine microalbumin, uACR, and eGFR were not signifi-
cantly different between the two groups. Mild adverse
effects in the form of tremor (1 of 22 patients) and dysu-
ria (1 of 22 patients) were observed in participants treated
with crocin and placebo tablets, respectively. Notably, the
crocin tablet caused no significant side effect.

[ Enrollment }

Assessed for eligibility (n=237)

Excluded (n=144)

% Not meeting inclusion criteria

(n=144)
SCr levels > 2 mg/dL (n=59)

HbAlc > 10% (n=46)

Randomized (n=44)

Allocation
v

Allocated to Crocin (n=22)

Received allocated intervention (n=22)

l Follow-Up

Allocated to Placebo (n=22)

Received allocated intervention (n=22)

Lost to follow-up (tremor) (n=1)

Lost to follow-up (dysuria) (n=1)

Discontinued intervention (Withdrew
their consent) (n=2)

—

A 4

Analysis

——

Analysed (n=21)

Fig. 1 The Flowchart of the trial of Crocin vs placebo

Analysed (n=19)
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Table 1 Baseline Characteristics of Participants in Placebo and
Crocin Groups
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Parameters Placebo group Crocin group p-value
(No=19) (No=21)
Age? (y) 62.68+9.84 63861062 0.72
Men, No (%) 11(57.90) 12 (57.14) 0.96
Duration of diabetes? (y) 11.11+£748 13.204£3.27 0.28
BMI? (kg/mz) 2726+334 27.21+£3.86 097
Blood Pressure® (mmHg)
SBP 1482042245 150.254£18.08 0.31
DBP 7533+12.31 8144+1646 0.25
Comorbidities, No (%)
Migraine 0(0.0) 1(4.8) 0.33
Depression 1(53) 0(0.0) 0.29
Asthma 1(5.3) 0(0.0) 029
Dyslipidemia 16 (84.2) 19 (90.5) 0.55
Rheumatoid Arthritis 2(10.5) 4(19.0) 0.45
Hypothyroidism 0 (0.0) 2 (9.5) 0.17
Non-trial Medication Categories, No (%)
ACEIs/ARB 17 (89.5) 19 (90.5) 0.92
B-blocker 7 (36.8) 8(38.1) 093
CCB 6(31.6) 5(23.8) 0.58
Insulin 8(42.1) 10 (47.6) 0.73
Biguanide 14 (73.7) 16 (76.2) 0.85
Sulfonylurea 7 (36.8) 9(429) 0.70
Lipid-lowering Agent 16 (84.2) 19 (90.5) 0.55
Antiplatelet Agent 11 (57.9) 14 (66.7) 0.57
Others 13 (68.4) 10 (47.6) 0.58
Laboratory measurements at inclusion
FBS? (mg/dL) 136.58+57.17  14052+36.71 0.79
Serum TC? (mg/dL) 157.89458.85 1332442949 0.79
Serum TG? (mg/dL) 1435246389 1578948469 0.55
Serum HDL-C? (mg/dL) 48.68+14.61 41624993 0.08
Serum LDL-C* (mg/dL) 79.214+53.38 64.51+£2344 026
BUN? (mg/dL) 45064+12.34 473242783 075
HbA1c® (%) 7324104 6.87+0.67 0.11
SCrP (mg/dL) 1.104+040 1.20£0.40 0.89
ESR® (mm/hr) 17.50+£18.00 17.00£2800 092
CRP® (mg/dL) 5.004+0.00 5.004£0.50 0.06
Urine micro albumin® 181.004+31880 185.0+£2325 051
(mg/dL)
UACR® (mg/q) 186.85+2408  161.00+2508 0.88
eGFR® (mL/min/1.73m2)  58.00439.25 61.00£20.00 098
Serum TGF-B? (ng/mL) 1693+198 17.10£0.80 0.64

2 Data are expressed as Mean & SD

b Data are expressed as Median = IQR, No Number, y Year, BMI Body Mass Index,
SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, ACEls Angiotensin-
Converting Enzyme inhibitors, ARB Angiotensin Il Receptor Blockers, CCB
Calcium Channel Blockers, FBS Fasting Blood Sugar, TC Total Cholesterol; TG
Triglyceride; HDL-C High Density Lipoprotein-Cholesterol, LDL-C Low Density
Lipoprotein-Cholesterol, BUN Blood Urea Nitrogen, HbA1c Hemoglobin Alc, SCr
Serum Creatinine, ESR Erythrocyte Sedimentation Rate, CRP C-Reactive Protein,
UACR Urinary Albumin-Creatinine Ratio, eGFR estimated Glomerular Filtration
Rate, TGF-B Transforming Growth Factor-3
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Discussion

In this randomized clinical trial, we investigated the
potential nephroprotective effect of crocin on microal-
buminuria, and its effect on biomarkers of inflamma-
tion, and lipid profile in patients with DN for the first
time. The results of the present study demonstrated that
consumption of crocin 15mg daily for 90 days results in
decrease in BMI, SBP, DBP, serum TG, and serum TGF-
levels, but only changes in serum TG levels were statisti-
cally significant.

DN is one of the serious complications of T2DM and a
major cause of ESRD. Urinary albumin levels reflect the
degree of renal damage. It is an independent risk factor
for the progression of renal disease to ESRD. An increas-
ing number of clinical studies have found a strong rela-
tionship between the rate of albuminuria and the decline
in eGFR [19-22]. As a result, urine albumin is an impor-
tant prognostic marker and its drop is a goal of treatment
in DN.

Previous evidence suggested that immunological and
inflammatory processes play a key role in the develop-
ment and progression of DN. Inflammatory cytokines
such as IL-1, IL-6, IL-18, Tumor necrosis factor-a (TNF-
a), TGE-B, and Monocyte Chemoattractant Protein-1
(MCP-1) have involved in the pathophysiology of DN [23,
24]. Furthermore, high blood glucose levels, abnormal
hemodynamics, immune and inflammatory responses,
and damage to the glomerular basement membrane and
podocytes are the pathophysiological basis of proteinuria.
In addition to tight glycemic control, angiotensin recep-
tor blockers (ARBs) are effective interventions in DN
[19, 20, 25-27]. The efficacy of ARBs is likely due to their
ability to block RAS, lower blood pressure, suppress the
expression of certain inflammatory cytokines and protect
podocytes [28-30]. Considering the side effects of these
drugs, such as hyperkalemia and an increase in SCr, they
are not effective in all patients, at least not at the doses
currently prescribed. Therefore, it is necessary to develop
new strategies for DN patients with proteinuria.

Preclinical studies on animal models have shown that
crocin can decrease albuminuria and other indicators of
renal damage by decreasing inflammation and biomark-
ers of oxidative stress [12, 31]. However, there are no
reports of clinical trials examining the effects of crocin
on DN.

Dyslipidemia is a risk factor for the progression of
DN through the development of glomerulosclerosis and
tubulointerstitial lesions with concomitant accelerated
atherosclerosis [32]. Clinical studies have suggested that
TG promotes glomerular and tubulointerstitial injury via
mediators such as ROS, chemokines, cytokines, TGF-31
gene expression, and macrophage extravasations into the
glomeruli and tubules [32, 33]. lipid-lowering therapy
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Table 2 Comparison of Metabolic Profile, Clinical and Biochemical Variables Before and After 3Months Crocin and Placebo

Interventions

Parameters Crocin group (No=21) Placebo group (No=19) Between
group
Before After After-Before Within Before After After-Before Within p-value
group group
p-value p-value

Data are expressed as
Mean=£SD

BMI (kg/m2) 2721 +3.86 27.02 £3.95 —046 + 1.25 0.12 2726 £334 27.16 £344 —0.10+ 056 049 030

SBP (mm 150.25 £ 18.08 143.13 £ 26.07 —7.12+14.95 0.07 138.20 £ 4245 14113 £ 1871 29343835 0.77 0.34
Ho)

DBP (mm 8144 + 1646 77.19 £9.66 —4.25+17.02 033 7533 £1231 7813 £8.87 —2.80 4839 0.22 0.16
Ho)

FBS (mg/dL)  140.52 + 36.71 146.24 £ 4962 57143858 0.51 136.58 £ 57.17 15921 £ 6262 22.63 + 54.04 0.08 0.26

Serum TC 13324 £ 2949 141.81 £40.97 857 +33.22 0.25 157.89 £ 58.85 15621 £+ 64.61 —1.68+2233 0.75 0.26
(mg/dL)

Serum TG 157.89 + 84.69 133.79 £43.21 —24104+ 7457 017 143.52 £ 63.89 16933 £69.71 2581+6148 0.06 003"
(mg/dL)

Serum 4162 £9.93 4595 +12.28 433+£1436 0.18 48.68 £ 14.61 52,05 4 1441 337+1557 036 0.84
HDL-C (mg/dL)

Serum LDL-C  64.51 & 2344 63.95 & 33.57 —0.56 + 26.58 0.92 79.21 £ 5338 71.89 £ 61.40 —732+2641 0.24 043
(mg/dL)

BUN (mg/ 4732+ 2783 46.65 £ 22.79 —0.67 £ 16.79 0.86 45.06 £ 12.34 43.78 £13.01 —1.28+10.78 0.62 0.90
db)

HbA1c (%) 6.87 £0.67 7034083 0.16 £ 0.56 022 732+1.04 7.87 £1.69 0.48 £0.98 0.05 0.31
Data are expressed as
Median QR

SCr(mg/dl)  1.20 £ 040 1.10£0.50 0.00+0.30 041 1.10 £ 040 1.10£0.70 0.00£0.22 0.75 0.59

ESR (mm/hr)  17.00 £ 28.00 22.00 £ 11.00 1.00 + 15.50 098 17.50 £ 18.00 14.50 &+ 17.00 —250+7.75 0.05 0.15

CRP (mg/dL) 5.00 £ 0.50 5.00 £ 1.00 0.00 +1.50 0.79 5.00 & 0.00 5.00 + 0.00 0.00 + 0.00 046 0.94

Urine micro  185.0 £ 232.5 128.5 + 2874 34 4+ 141.55 0.26 181.00 £31680  141.00+131.3 11.50 24875 0.98 0.718
albumin (mg/
du)

UACR 161.00£2508 1525418838 105+ 151 046 186.85 =+ 240.8 157.5 £ 2438 16+ 143 0.58 0.98
(mg/9)

eGFR(mL/  61.00 & 20.00 67.00 % 36.00 0.00 + 22.50 0.13 58.00 % 39.25 62.00 & 44.75 0.00 £9.75 0.94 047
min/1.73m?)

Serum TGF-B 17.10 £ 0.80 16.92 4+ 0.85 —021+£1.21 0.56 16.93 +1.98 1729 £ 094 033 £240 035 0.21
(ng/mL)

No Number, SD Standard Deviation, BMI Body Mass Index, SBP Systolic Blood Pressure, DBP Diastolic Blood Pressure, FBS Fasting Blood Sugar, TC Total Cholesterol, TG
Triglyceride, HDL-C High Density Lipoprotein-Cholesterol, LDL-C Low Density Lipoprotein-Cholesterol, BUN Blood Urea Nitrogen, HbA1c Hemoglobin A1c, SCr Serum
Creatinine, IQR Interquartile Range, ESR Erythrocyte Sedimentation Rate, CRP C-Reactive Protein, uACR Urinary Albumin-Creatinine Ratio, eGFR Estimated Glomerular
Filtration Rate, TGF- Transforming Growth Factor-3; *Statistically significant (p-value <0.05)

reduces the incidence of macrovascular complications
and microvascular complications including retinopa-
thy, nephropathy, and autonomic neuropathy [34]. Our
results showed that the effect of crocin on lipid profiles
was significant in reduction of TG levels with no signifi-
cant change in TC, HDL and LDL. These findings are
consistent with the results of a clinical trial that assessed
the effect of crocin on lipid profile in patients with non-
alcoholic fatty liver disease (NAFLD). They found that
consumption of crocin for 8weeks could significantly
reduce TG levels in comparison to the placebo. How-
evere, there was no significant difference in the levels
of LDL and HDL between crocin and placebo [35]. In a

preclinical study in a rat animal model investigating the
hypolipidemic mechanism of crocin in rats, this natural
chemical selectively inhibited the activity of pancreatic
lipase. Crocin also inhibited the absorption of fat and
cholesterol and enhanced their fecal excretion [36].
TGEF- is a cytokine that plays an essential role in the
pathogenesis of DN by mediating glomerulosclerosis
and tubulointerstitial fibrosis [5, 8]. TGF-p urinary and
serum levels are elevated in DN patients and correlate
directly with the development of proteinuria and pro-
gression of DN [37, 38]. There are reports of some other
novel candidates that have reduced proteinuria in DN
which have also reduced TGF-p levels [39, 40]. Some
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clinical trials have shown that herbal medicines like
curcumin and silymarin can reduce serum and urinary
levels of TGE-P in DN patients. Preclinical studies have
also reported the anti-TGF- effects of crocin [12, 14].
Moreover, in a recent preclinical study, crocetin Nano-
particles, a metabolite of crocin, significantly altered the
expression TGF-p in animal model of DN. However, until
now, no studies have been performed to determine the
effect of crocin on TGF-f levels in humans. Although
in this study, crocin reduced the serum levels of TGE-f
as an important indicator in the progression of diabetic
nephropathy, but this decrease was not statistically sig-
nificant. Perhaps longer duration of intervention and
follow-up periods could make changes in serum levels of
this inflammatory marker of the kidney significant.

So far, many clinical studies have been performed to
determine the supplemental effect of herbal compounds
to common therapies for DN, and some of them, such
as resveratrol, curcumin, and silymarin, have shown pri-
mary beneficial effects on biomarkers of oxidative stress
and metabolic parameters [18, 41]. Considering the high
safety profile of herbal medicines with no major side
effects along with their contribution in various path-
ways involved in the pathogenesis and progression of DN
[18, 40, 41], supplementing diabetic patients with herbal
medicines could be a potential therapeutic strategy for
improvement of diabetic nephropathy.

The main limitations to our study were short fallow-up
period, and only one low dose of crocin was evaluated.
In addition, early predictors for acute kidney injury (AKI)
like neutrophil gelatinase-associated lipocalin (NGAL)
was not measured. This was a preliminary study in
which the effect of crocin on DN was evaluated for the
first time. Further studies are required to assess both the
longer-term efficacy and safety of crocin.

Conclusion

To our knowledge, this is the first randomized, triple-
blind, placebo-controlled, clinical trial that evaluated
the possible efficacy and safety of crocin in attenuating
the proteinuria in T2DM patients with DN. Due to the
anti-inflammatory, antioxidative and antifibrotic prop-
erties of crocin as well as the positive effects of crocin
in improving diabetic nephropathy in an animal stud-
ies, we conducted the present study. However, we could
not find any statistically significant change in any meas-
ured parameters except TG. Future clinical trials with
larger sample size, longer durations of intervention,
and higher doses of crocin as well as measurement of
specific biomarkers of renal injury will determine the
efficacy, safety, and possible underlying mechanisms
of action of crocin in attenuation of the progression of
diabetic nephropathy.
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