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ABSTRACT

Background: Diabetic nephropathy (DN) is the most common cause of the end-stage renal
disease (ESRD) globally. This study aimed to evaluate the effect of Crocin and Losartan on DN in
diabetic rats.

Methods: A single dose of Streptozotocin (50 mg/kg IP) was administered to 40 male Wistar rats
to induce diabetes. Crocin and Losartan (50 and 25 mg/kg, respectively) were given orally for
four weeks. The study groups were untreated control, Diabetes, Crocin, Losartan, and Losartan-
Crocin. At the end of the intervention, blood was tested for FBS, urea, UA, Cr, albumin, TG, TC,
LDL-C, HDL-C, TAC, and MDA.

Results: Serum levels of FBS, urea, UA, TG, TC, and LDL-C increased significantly in the diabetic
group compared to the untreated control group (P = 0.001), while albumin and HDL-C decreased
significantly (P = 0.001). In the Crocin group, serum FBS, urea, TG, TC, and LDL-C levels were
significantly lower than the diabetic group (P = 0.001), while serum albumin levels were
significantly higher (P = 0.02). Serum levels of TAC and MDA in the Losartan group increased
(P=0.04) and decreased significantly (P = 0.001) compared to the diabetic group, respectively.
Conclusion: The findings of the present study showed that Crocin could control hyperglycemia
and prevent DN progression. It appears that combining Losartan with sufficient doses of Crocin
improves its efficacy. However, understanding the exact mechanism of these changes requires
further studies.
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Introduction

iabetic nephropathy (DN) is the most
D common cause of kidney failure

worldwide. According to the World
Diabetes Federation, there will be approximately
463 million people with diabetes worldwide in
2019, which is expected to rise to 578 million by
2030 (1). Diabetic patients develop DN in 20 to
40% of cases (2). Diabetic nephropathy is a
serious complication of diabetes, characterized
by mild proteinuria that progresses to severe
proteinuria and kidney failure (3). Hypertension,
thickening of the glomerular basement
membrane, and glomerular hyperfiltration lead
to enlargement of the mesangial extracellular
matrix, resulting in exacerbation of albuminuria
and progression of glomerular sclerosis (4). The
mechanisms that cause DN to progress are
unknown. However, the majority of studies have
found a relationship between hyperglycemia and
the  development of DN. Prolonged
hyperglycemia leads to chronic metabolic and
hemodynamic changes through the intracellular
signal pathways of transcription factors,
cytokines, chemokines, growth factors, and the
renin-angiotensin system (5). Glycemic control
can be effective in reducing the progression of
DN and other vascular complications.

On the other hand, renin-angiotensin-
aldosterone system (RAAS) blockers and
angiotensin receptor blockers (ARBs) have been
suggested as standard treatments  for
hypertension in patients with diabetes and renal
failure. The kidney has been shown to contain
Ang Il type 1 (AT1) receptors, which play
essential roles in renal function, long-term blood
pressure control, and disease progression (6).
Losartan is one of the most clinically
experienced ATL1 receptor antagonists in the
market. Due to the side effects of chemical
drugs, the wuse of herbal medicines as
complementary or alternative therapies has been
considered by researchers. It is now known that
saffron can increase insulin sensitivity and
reduce serum glucose levels (7, 8). Crocin is the
leading and active biological component of
saffron with anti-inflammatory and antioxidant
properties (9). This study aimed to evaluate the
effect of Crocin separately and in combination
with Losartan on DN in an experimental model
of Streptozotocin-induced diabetic rats.

Materials and Methods
Streptozotocin (S0130) and Crocin (17304)
were purchased from Sigma-Aldrich Company
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(Sigma brand, USA). Losartan was obtained
from ACTOVERCO pharmaceutical factory
(Karaj-lIran).

Animal

In this study, 40 male Wistar rats (mean
weight: 200-250 gr) were purchased from the
Experimental Research Center of Birjand
University of Medical Sciences. The study was
approved by the Ethics Committee of Birjand
University of Medical Sciences (Ethical code:
IR.BUMS.REC.1399.019). Before the
experiment, the animals had been housed for one
week in standard cages to adapt to the
environment. Rats had adequate access to water
and a standard chow during the study. All cages
were kept in a regular light cycle of 12/12 hours
of light/darkness and a room temperature
between 20 and 26°C.

Experimental design

The animals were randomly divided into five
groups (n=8):

1- Untreated control: Non-diabetic rats that
received normal saline buffer daily.

2- The diabetic control: Diabetic rats who
were given Normal Saline daily.

3- The Crocin-treated group: Diabetic rats
who were administered Crocin (50 mg/kg) daily.

4- The Losartan-treated group: Diabetic rats
who were administered Losartan (25 mg/kg)
daily.

5- The Losartan-Crocin-treated  group:
Diabetic rats who were administered Losartan +
Crocin (25+50 mg/kg, respectively) daily.

Crocin and Losartan were dissolved in
Normal Saline and administered via gavage. The
treatment started 4 weeks after the induction of
diabetes and lasted for 4 weeks.

Diabetes induction

Diabetes was induced by a single
intraperitoneal (IP) injection of STZ (50 mg/kg)
(10). Streptozotocin (STZ) was dissolved in
Sodium Citrate buffer (pH = 4.5, 0.01 M). Rats
were given 15% glucose solution for 24 hours to
avoid unexpected hypoglycemia. Three days
after induction of diabetes, fasting blood sugar
(FBS) was measured by a standard glucometer,
Accu-Check (Roche, Germany), from the tail
vein. Rats with FBS >250 mg/dL were
considered diabetic rats.
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Sample collection

The 24-hour urine was collected in metabolic
cages at the end of the experiment to analyze
urinary total protein (UTP). Then, rats were
anesthetized intraperitoneally with Sodium
Thiopental (50 mg/kg). Blood samples were
taken from each rat's heart. The tube containing
blood was incubated for 40 min at room
temperature, and then, the serum was separated
by centrifuging at 3000 rpm for 10 min.

Measurement of biochemical parameters

Biochemical parameters of albumin, urea,
creatinine (Cr), uric acid (UA), total cholesterol
(TC), triglyceride (TG), low-density lipoprotein
(LDL-C), high-density lipoprotein (HDL-C),
and UTP were measured by standard kits (Pars
Azmun Corp., Iran) and an automatic analyzer
(Prestige 24i, Japan).

Measurement of total antioxidant capacity
(TAC)

Total antioxidant capacity was measured
using commercial kits (Zantox-lIran). Benzie and
strain methods were used to measure rat's serum
TAC by FRAP (11). For this purpose, at first, the
working FRAP reagent was prepared as follows.
25 ml of acetate buffer (pH = 6.3, 300 mmol/l)
was mixed with 2.5 ml of TPTZ solution and 2.5
ml of iron chloride. 5 puL of a serum sample, 5
uL of standard solution (Trolox, concentrations
of 62.5, 125, 250, 500, and 1000 pmol) were
added ina microplate. 5 puL of distilled water was
added as blanks. Then, 200 pL of FRAP reagent
were added to all wells. Incubation was done for
15 min at 37°C, and then, read at a wavelength
of 593 nm by an absorption spectrophotometer.

Measurement of serum Malondialdehyde
(MDA)

Malondialdehyde was measured using
commercial kits (Zantox, Iran). Thiobarbituric
Acid Reactive substances (TBARs) method was
used to measure the serum level of MDA. In this
method, TBA binds to MDA and produces a
color complex MDA(TBA)2, which is purple.
100 pl of MDA solution as standard
(concentrations of 0.156, 1.312, 0.625, 1.25, 2.5,
5, and 10), serum and control samples were
added into separate tubes. Then, 1000 pl of
TBARs reagent and 10 pl of BHT solution were
added. The mixture was heated at 95°C for 20
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min, and then, placed in an ice bath for 10 min.
Then, 1100 ul of n-butanol was added. The tubes
were centrifuged at 2000 rpm for 20 min. 250 pl
of supernatant were removed for MDA assay,
and its absorbance was recorded at 532 nm.

Statistical analysis

The statistical analysis was performed by
SPSS version 16. For comparison between
groups, one-way analysis of variance (ANOVA)
followed by Tukey's post-hoc test was used. The
paired sample t-test was used for each group
before and after compassion. Data are expressed
as Mean+SEM. Statistical significant level was
considered at P<0.05.

Results
Effect of Crocin and Losartan on FBS

The levels of FBS before and after the
intervention are shown in Table 1. When
compared to the untreated control group, FBS
levels increased significantly in all diabetic
groups before the intervention (P=0.001). Post-
intervention comparison between groups
showed that FBS levels were lower in the treated
groups than in the diabetic group. These
differences were significantin the Crocin-treated
group (P=0.001).

Intragroup comparison before and after the
intervention showed that FBS levels decreased
in the treated groups while it increased in the
diabetic group, but the increase was not
statistically significant.

Effect of Crocin and Losartan on body weight
and kidney/body weight ratio

Table 1 shows the mean body weight and
kidney/body  weight ratio. Before the
intervention, the results showed a significant
decrease in body weight in all diabetic rats
compared to the untreated control group
(P=0.001). After the intervention, intergroup
comparisons showed that body weight increased
in the treated groups compared to the diabetic
group, but the differences were not significant.

Also, the kidney weight/body weight ratio
showed a significant increase in the diabetic
group compared to the untreated control group
(P=0.001). The mean of this index decreased in
the groups treated with Crocin and Losartan-
Crocin compared to the diabetic group, but the
differences were not significant.
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Table 1. The effect of Crocin and Losartan on FBS, body weight, and kidney/body weight ratio

Parameters Untreated Diabetic Crocin Losartan Losartan-Crocin
FBS before intervention

(ma/dl) 89.88+2.09 407+18.30* 387.38+6.34* 398.71+30.06* 422.57+22.49*
FBS after intervention

(ma/dl) 91.50+1 433.14+20.14* 336.62+13.53*# 386.43+15.53* 374.14+23.21*
Body weight (g) before

. ; 317.25+8.75 205.71+6.40* 196.50+7.68* 196.43+6.04* 221.43+8.29*
intervention

Body weight (g) after

. ; 339.62+9.06 187.71+4.65* 192.3848.67* 179.7149.52* 208.29+11.09*
intervention

kidney/body weight ratio (g) 0.69+0.02 1.31+0.09* 1.28+0.05* 1.30+0.03* 1.23+0.04*

Data are presented as Mean + SEM. Changes of FBS (mg/dl), body weight, and kidney/body weight ratio in groups of untreated (non-
diabetic), Diabetic, Crocin (Diabetic treated with Crocin), Losartan (Diabetic treated with Losartan), Losartan-Crocin (Diabetic treated with

Losartan-Crocin), n = 8. Data are presented as Mean + SEM.
* P<0.05: Significant differences versus untreated control group.
# P<0.05: Significant differences versus diabetic group.

Effect of Crocin and Losartan on the 24-hour
urine volume and urinary total protein (UTP)

Figure 1 shows the 24-hour urine volume and
UTP before and after the intervention. Before the
intervention, the results showed a significant
increase in the 24-hour urine volume and UTP in
all diabetic rats compared to the untreated
control group (P=0.001).

After  the intervention, intra-group
comparisons showed that the 24-hour urine
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volume and UTP decreased in the treated groups
compared to the diabetic group, although the
differences were not statistically significant.

Intragroup comparison before and after the
intervention showed that UTP decreased
significantly (P=0.001) in the treated groups
while it increased significantly (P=0.02) in the
diabetic group.
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Figure 1. Changes of A: 24-hour urine volume (ml), and B: Urinary total protein (UTP) (mg/dl) in groups of untreated (non-
diabetic), Diabetic, Crocin (Diabetic treated with Crocin), Losartan (Diabetic treated with Losartan), Losartan-Crocin
(Diabetic treated with Losartan-Crocin), n = 8. P<0.05: Significant differences versus untreated control group.

Effect of Crocin and Losartan on serum levels
of urea, creatinine (Cr), and uric acid (UA)

Figure 2 shows serum levels of urea, Cr, and
UA. In this study, the mean serum level of urea
increased significantly in the diabetic group
compared to the untreated control group
(P=0.001). Serum urea levels were significantly
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reduced in the Crocin-treated group compared to
the diabetic group (P=0.001). Also, the serum
urea level decreased in the Losartan-Crocin-
treated group compared to the Losartan-treated
group, but the decrease was not statistically
significant.
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Serum Cr levels also increased in the diabetic
groups compared to the untreated control group.
Cr decreased in all treated groups (Crocin,
Losartan, and Losartan- Crocin) compared to the
diabetic group, but these changes were
insignificant  (P=0.74, P=0.99, P=0.92,
respectively).

Serum UA levels increased significantly in
the diabetic group compared to the untreated
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control group (P=0.006). The serum levels of
UA in the Crocin, Losartan, and Losartan-Crocin
groups decreased compared to the diabetic
group, but the differences were not significant
(P=0.07, P=0.99, P=0.73, respectively). Also,
the serum UA level dropped in the Losartan-
Crocin-treated group compared to the Losartan-
treated group, but it was not statistically
significant.
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Figure 2. Changes of A: Urea, B: Creatinine and, C: Uric acid (mg/dl) in the groups of untreated (non-diabetic), Diabetic,
Crocin (Diabetic treated with Crocin), Losartan (Diabetic treated with Losartan), Losartan-Crocin (Diabetic treated with
Losartan-Crocin), n = 8. Data are presented as Mean + SEM.

*P<0.05: Significant differences versus Untreated control group.

Effect of Crocin and Losartan on serum level
of albumin

Table 2 shows the mean serum level of
albumin. The present study results showed that
the serum albumin levels were significantly
reduced in the diabetic group compared to the
untreated control group (P=0.001). In the groups
treated with Crocin and Losartan-Crocin, the
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serum level of albumin increased significantly
compared to the diabetic group (P=0.001,
P=0.01, respectively). Furthermore, serum
albumin levels increased in the Losartan-Crocin
group compared with the Losartan group but
were not statistically significant.
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Effect of Crocin and Losartan on serum levels
of lipid profile

Table 2 shows the mean serum levels of lipid
profile. The results of the present study showed
that the serum levels of TG, LDL-C, and TC
increased significantly in the diabetic group
compared to the untreated control group
(P=0.001). In contrast, serum levels of TG, LDL-
C, and TC were significantly reduced in the
Crocin-treated group compared to the diabetic
group (P=0.001, P=0.001, P=0.03, respectively).

Serum HDL-C levels in the diabetic group
decreased significantly compared to the
untreated control group (P=0.001) and increased
significantly in the Crocin-treated group
compared to the diabetic group (P=0.02).

Effect of Crocin and Losartan on serum levels
of oxidative stress markers

Table 2 shows the mean serum levels of
oxidative stress markers. Serum TAC levels
decreased in the diabetic group compared to the

untreated control group, but this change was
insignificant (P=0.21). In the Losartan group,
serum TAC level increased significantly
compared to the diabetic group (P=0.001). Also,
serum TAC levels in groups treated with Crocin
and Losartan-Crocin increased compared to the
diabetic group, but these changes were not
statistically  significant (P=0.56, P=0.37,
respectively).

The level of MDA, an indicator of lipid
peroxidation, increased in the diabetic group
compared to the untreated control group, but this
change was not significant (P=1.00). Serum
levels of MDA were significantly decreased in
the Losartan group compared to the diabetic
group (P=0.04). Furthermore, MDA levels were
reduced in the Crocin-treated and Losartan-
Crocin-treated groups compared to the diabetic
group, but the differences were not statistically
significant (P=0.71, P=0.86, respectively).

Table 2. The effect of Crocin and Losartan on serum levels of albumin, lipid profile (TG, LDL-C, HDL-C, and TC), and

oxidative stress markers (TAC and MDA)

Parameters Untreated Diabetic Crocin Losartan Losartan-Crocin
Albumin (mg/dl) 3.17+0.08 2.27+£0.09* 2.88+0.06# 2.52+0.011* 2.71+0.07*#
TG (mg/dl) 39.27£1.43 73.71+2.08* 57.12+2.35%* 67.42+3* 63.85+£3.01*
LDL-C (mg/dl) 9+0.42 18.42+0.52* 12+0.7% 16.28+1.4* 14.57+1.61*
HDL-C (mg/dl) 30.25£0.75 18.85+1.48* 24.25+1.29%* 20.14+1.18* 22.42+1.15*
TC (mg/dl) 38.43+1.6 52+2.83* 43.37+1.46" 45.71+2.51 43.5+1.67
MDA (uMol/L) 1.1+0.05 1.21+0.08 1.08+0.07 0.91+0.08* 1.11+0.05
TAC (uMol/L) 391.38+9.13 338.14+9.61 375+12.86 455.71+27.17* 384.14+22.79

Changes of albumin, lipid profile, and oxidative stress markers in the groups of untreated (non-diabetic), Diabetic, Crocin (Diabetic treated
with Crocin), Losartan (Diabetic treated with Losartan), Losartan-Crocin (Diabetic treated with Losartan-Crocin), n = 8. Data are presented

as Mean = SEM.

* P<0.05: Significant differences versus Untreated control group.

# P<0.05: Significant differences versus Diabetic group.

Discussion

DN is a common problem in diabetic patients.
The use of medicinal plants in the treatment of
this disease and its complications has been
discussed from the past to the present, but no
definite evidence has been found about the
effectiveness of many of them. This study aimed
to evaluate the effect of Crocin separately and in
combination with Losartan on biochemical
factors and oxidative stress markers in diabetic
rats. The results of this study generally showed
that Crocin separately and in combination with
Losartan improved biochemical parameters,
body weight, and kidney/body weight ratio
compared to the diabetic group. On the other
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hand, using Crocin with Losartan to some extent
increased the effectiveness of Losartan in
improving hyperglycemic conditions.

The present study showed that daily
administration of Crocin (50 mg/kg)
significantly reduced FBS levels compared to
the diabetic group, which is consistent with the
results of previous studies (12, 13). Crocin has
been shown to have hypoglycemic effects by
increasing peripheral insulin sensitivity. Crocin
increases insulin sensitivity by activating two
signaling pathways of insulin-dependent
(phosphatidylinositol-3  kinase/protein kinase
B), insulin-independent  (5-AMP-activated
protein kinase/acetyl-COA carboxylase
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(AMPK/ACC) and mitogen-activated protein
kinases (MAPKs) pathways (14, 15). The
current and earlier findings of the study suggest
that Crocin has hypoglycemic properties.

After diabetes induction, the bodyweight of
diabetic rats begins to decline. Weight loss is a
side effect of diabetes because the body cannot
utilize the extra glucose generated during
gluconeogenesis (16). This study showed that
the diabetic rats treated with Crocin and
Losartan-Crocin had the lowest rates of weight
loss after the intervention, while diabetic rats had
the highest rates of weight loss. This may be due
to the ability of Crocin to improve insulin
sensitivity and hypoglycemic effects (17).
Crocin increased the effectiveness of Losartan in
improving weight loss.

DN is characterized by proteinuria. The
results of the present study showed that UTP was
significantly increased in the diabetic group
compared to the untreated control group. The
most important risk factors for proteinuria are
hyperglycemia and high blood pressure (18).
UTP was remarkably reduced in the diabetic
groups treated with Crocin and Losartan. Crocin
lowered urine protein excretion by reducing
hyperglycemia and oxidative stress, according to
Hadeer O et al. (19). Losartan also decreases
blood pressure, which helps reduce proteinuria,
as demonstrated by Lee et al. (20). As a result,
the present study demonstrates the beneficial
effects of Crocin and Losartan's in preventing
DN development.

The RAAS system is activated in
hyperglycemic conditions, which increases NO
production and causes endothelial damage. As a
result, the kidneys lose their ability to filter blood
for creatinine and other nitrogen components,
resulting in higher serum levels of urea, Cr, and
UA (19, 21). The present study showed that in
the diabetic group compared with the untreated
control group, serum levels of urea and Cr
increased significantly, which is consistent with
the results of the study of Amin et al. (22). The
present study showed that Crocin could reduce
serum urea levels (significantly), Cr, and UA
(non-significant) during chronic hyperglycemia,
which is consistent with the results of the study
of Altinoz et al. (23). Crocin enhances the
antioxidative  defense  system, inhibits
inflammation, and reduces apoptosis, all of
which may help improve Kkidney function
indicators (24). Furthermore, Crocin improved
Losartan efficacy on renal function parameters.
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Albumin is the most abundant soluble protein
in the blood, and the liver produces it almost
exclusively. Insulin is an important regulator of
albumin (25). The results of this study
demonstrated that serum albumin levels in the
diabetic group's were significantly lower than
those in the non-diabetic control group, which is
consistent with the findings of Zhang et al. (26).
Hyperglycemia and oxidative stress exacerbate
B-cell dysfunction and deplete insulin secretory
reserve, causing serum albumin levels to
decrease (26). Iwasaki et al. (27) reported that
serum albumin levels in patients with DN are
associated with proteinuria. The present study
showed that Crocin could significantly increase
serum albumin levels. El-Fawal et al. observed
that Crocin reduces oxidative stress and
inflammatory factors induced by hyperglycemia,
resulting in decreased albumin excretion by the
kidneys (21). Also, it was reported that the
treatment with RAAS inhibitors was beneficial
not only in reducing albuminuria but also in
maintaining serum albumin levels (26). The
present study showed that Losartan-Crocin
treatment significantly increased serum albumin
levels compared to the diabetic group. This
indicates that Crocin has enhanced Losartan's
efficacy on serum albumin levels.

Reports indicate that dyslipidemia is one of
the most common and most anticipated features
of diabetes due to decreased insulin or insulin
resistance (28). The results of the present study
showed that compared to the diabetic group,
Crocin significantly decreased serum levels of
TG, LDL-C, and TC while it increased serum
level of HDL-C significantly. In a study
conducted by Sefidgar et al. (15), a dose of 60
mg/kg Crocin was found to be more efficient
than a dose of 40 mg/kg in changing lipid
profiles in diabetic rats. Crocin has been shown
to be involved in the mechanism of crocin fat
reduction by inhibiting pancreatic lipase (29).
Crocin has enhanced Losartan's efficacy on lipid
profile.

Prolonged hyperglycemia is associated with
an increase in oxygen-free radicals (30).
According to the findings of the present study,
the serum level of MDA increased, and TAC
decreased in the diabetic group compared to the
untreated control group (non-significant).
Compared to the diabetic group, serum TAC
levels in the Losartan-treated group increased
significantly, while MDA levels decreased
significantly. By blocking the angiotensin-II
receptor, Losartan may decrease oxidative stress
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and ameliorate diabetes-related oxidative
damage (31, 32), which is consistent with the
findings of Ateyya et al. They reported that
Losartan strengthens the antioxidant defense
system in diabetic rats (33).

Strengths and limitations

The present study had several strengths. First,
to the best of our knowledge, this is the first
study that investigated the effect of Crocin and
Losartan on DN. Second, because it predicted
mortality, 8 rats were placed in each group.
Third, the intervention was started 4 weeks after
induction of diabetes. Fourth, the effect of
Losartan and Crocin was investigated.

The present study also has several
limitations. First, a single dose of the drug was
used due to the large number of rats and groups
studied and the high costs. Secondly, the
treatment period was shortened due to the
mortality of diabetic rats.

Conclusion

The findings of the present study showed that
Crocin separately was able to significantly
improve the serum levels of glucose, urea,
albumin, and lipid profile. At the same time,
Crocin, in combination with Losartan, was able
to improve serum levels of glucose, albumin,
renal function tests (urea, Cr, and UA), and lipid
profile compared to the Losartan-treated group
(non-significant). Consequently, it is suggested
that combining Crocin  with  chemical
medications in the treatment and prevention of
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