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Extraction of lycopene from tomato pomace and its protective effects on renal injury in
diabetic rats
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Abstract

, Xiaohui LIU', Jiali LIU? Qinyun LI'

The aim of this study was to investigate the protective effects of lycopene from tomato pomace on renal injury in diabetic rats.
Lycopene was extracted from tomato pomace. The rats were divided into control, model and 10, 20 and mg/kg lycopene groups.
The diabetic nephropathy model was constructed in the latter four groups. Then, the latter three groups were treated with
10, 20 and mg/kg lycopene, respectively. After four weeks of treatment, compared with the model group, in 20 and 40 mg/kg
lycopene groups the serum fasting plasma glucose level was decreased (P < 0.05), the fasting insulin level was increased (P < 0.05),
the renal index and 24-h urinary protein level were decreased (P < 0.05), the blood urea nitrogen and serum creatinine levels
were decreased (P < 0.05), the renal tissue superoxide dismutase and glutathione peroxidase levels were increased (P < 0.05),
the renal tissue malondialdehyde level was decreased (P < 0.05), and the serum tumor necrosis factor a, interleukin 6 and
hypersensitive C-reactive protein levels were decreased (P < 0.05). In conclusion, lycopene from tomato pomace can alleviate
renal injury in diabetic rats. The mechanism may be related to the resistance of oxidative stress and inflammatory response.

Keywords: lycopene; diabetes; renal injury; oxidative stress; inflammatory response.

Practical Application: Lycopene from tomato pomace has the protective effects on renal injury in diabetic rats, and may be
clinically applied for prevention and treatment of diabetic nephropathy.

1 Introduction

Lycopene is a kind of natural carotenoids. It mainly exists in
tomato, watermelon, red grapefruit, papaya and other foods, and
has the highest content in tomato (Vieira et al., 2020; Li et al,,
2021). Tomato pomace is a byproduct of industrial tomato
processing, and contents abundant lycopene (Perretti et al., 2013;
Pellicano et al., 2020). Lycopene has strong antioxidant activity
(Miiller et al., 2016; Zheng et al., 2020). In addition, lycopene
has a variety of biological effects such as anti-inflammation
(Chen et al.,, 2019), anti-tumor (Mirahmadi et al., 2020),
cardiovascular protection (Cheng et al., 2019) and immunity
enhancement (Eze etal., 2019), so it has the functions of preventing
cancer (Chen et al., 2015), delaying aging (Petyaev, 2016) and
protecting skin (Chernyshova et al., 2019). The development
and application of lycopene in food, medicine, cosmetics and
other fields has become a research hotspot.

Diabetes is a chronic endocrine and metabolic disease
with genetic characteristics. With the improvement of people’s
living standard and changes of diet structure, the incidence of
diabetes has increased year by year, which seriously endangers
the health and life quality of people (Xia et al., 2019). The diabetic
patients with poor long-term glycemic control often suffer from
the complications in multiple organs and tissues, which are the
main cause of disability or even death of diabetic patients (Cole

& Florez, 2020). Renal injury, namely the diabetic nephropathy,
is a common complication of diabetes, and it is a lesion with
high incidence rate and mortality rate (Wang et al., 2018).
The pathological changes of diabetic nephropathy include
glomerular and tubular hypertrophy, basement membrane
thickening and mesangial hyperplasia, which finally progress to
glomerulosclerosis and tubulointerstitial fibrosis (Ji et al., 2019).
Due to the complex pathogenesis, the diabetic nephropathy is
currently treated mainly using the hypoglycemic drugs and
renin-angiotensin system blocking drugs, but they have varying
degrees of side effects on the body. Therefore, it is significant
to develop new drugs for treatment of diabetic nephropathy.
The pathogenesis of diabetic nephropathy is complex, involving
avariety of factors and signal pathways. Studies have confirmed
that the oxidative stress and inflammatory response play a key
role in the occurrence and development of diabetic nephropathy
(Elmarakby & Sullivan, 2012; Bao et al., 2018). Studies have shown
that some herbal supplementation and herbal extracts have the
alleviative effect on diabetes (Yan et al., 2020; Rehman et al., 2021).
This study aimed to extract lycopene from tomato pomace, and
investigate its protective effects on renal injury in diabetic rats,
for providing an experimental basis for clinical application of
lycopene to prevention and treatment of diabetic nephropathy.
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2 Materials and methods

2.1 Extraction of lycopene from tomato pomace

Crude tomato pomace was washed, seed-removed and
dehydrated. After drying, it was crushed and screened. A certain
quality of dry tomato pomace powder was placed in the supercritical
CO, extraction. The extraction was performed under the optimal
conditions as follows: extraction temperature, 52 °C; extraction
time, 2 h; extraction pressure, 35 MPa; CO, flow rate, 22 kg/h,
entrainer (ethanol) volume fraction, 90%. Under these conditions,
the final lycopene product was obtained, with purity of 36.48%.

2.2 Construction of diabetic nephropathy model

Male SD rats (180-220 g) were adaptively fed for 1 week under
conditions of condition of temperature of 22 + 2 °C, humidity
of 50 £ 5% and 12 h/12 h light/dark cycle. Then, the rats were
fed with high-fat and high-glucose diet for 8 weeks. Then, the
rats were treated with 30 mg/kg streptozotocin by single sterile
intraperitoneal injection for two days, once per day. After 72 h,
the fasting blood glucose (FBG) and 24-h urinary protein (24h
UP) levels were detected. The FBG > 16.7 mmol/L and 24h UP >
20 mg indicated the successful modeling of diabetic nephropathy.
The rats with failed modeling were eliminated.

2.3 Grouping of rats and treatment

Forty-eight rats with successful modeling of diabetic
nephropathy were randomly divided into model group and
10, 20 and mg/kg lycopene groups, with 12 rats in each group.
Other 12 rats with normal feeding were selected as control group.
The rats in 10, 20 and mg/kg lycopene groups were treated with
10, 20 and mg/kg lycopene by gavage, respectively. The rats in
control and model groups were treated with equal volume of
normal saline by gavage. The treatment was performed once per
day, for 4 successive weeks. No rat died during the treatment
in each group.

2.4 Determination of urine and blood indexes

Atthe end of experiments, the rats in each group were fasted
for 12 h, with free drinking. The rats were weighed for obtain the
body mass. The 24 h urine sample was collected with metabolic
cage. The 24h UP was determined by sulfosalicylic acid method.
The rats were anesthetized with chloral hydrate. The blood
was collected from the abdominal aorta. After centrifuging at
3000 r/min for 10 min, the serum was obtained. The serum
FGB and fasting insulin (FINS) levels were detected using the
corresponding kits. The blood urea nitrogen (BUN) and serum
creatinine (Scr) levels were measured by automatic biochemical
analyzer. The inflammatory response indexes including tumor
necrosis factor o (TNF-a), interleukin 6 (IL-6) and hypersensitive
C-reactive protein (hs-CRP) levels were determined using
enzyme-linked immunosorbent assay. The procedures were in
accordance to the instructions of kits.

2.5 Determination of renal index

The kidneys of rats were taken. The left and right kidneys
were separated. After washing with normal saline and sucking

dry with filter paper, the left kidney was weighed to obtain the
left kidney mass. The renal index (left kidney mass / body mass,
mg/g) was calculated.

2.6 Determination of renal tissue indexes

The right kidney of rats was taken. The 10% renal tissue
homogenate was prepared using 5 mL Tris-HCl solution (pH 7.4).
After centrifugation at 3000 r/min for 10 min, the supernatant
was obtained. The superoxide dismutase (SOD), glutathione
peroxidase (GSH-Px) and malondialdehyde (MDA) levels were
determined using the corresponding kits. The procedures were
in accordance to the instructions of kits.

2.7 Statistical analysis

SPSS 18.0 software was used for statistical analysis. The data
were presented as mean + standard deviation. The differences
among five groups were analyzed using one-way analysis of
variance, followed by SNK-q test. A P < 0.05 was regarded as
statistically significant.

3 Results and discussion

3.1 Comparison of FBG and FINS among five groups

FBG and FINS levels are the gold indexes of diabetes (Qu et al.,
2014). In this study, after four weeks of treatment, compared
with control group, in model group and three lycopene groups
the serum FBG level was significantly increased (P < 0.05), and
the FINS level was significantly decreased (P < 0.05). Compared
with the model group, in 20 and 40 mg/kg lycopene groups the
serum FBG level was significantly decreased (P < 0.05), and
the FINS level was significantly increased (P < 0.05) (Table 1).
Zheng et al. (2019) have found that lycopene can decrease the
FBG level in type 2 diabetic rats. In the study of Ozmen et al.
(2016), lycopene can increase the insulin level in rats with
experimentally induced diabetes mellitus. These findings are
basically consistent with the results of our study.

3.2 Comparison of renal index and 24h UP level among five
groups
Previous study (Hussien et al., 2020) has shown that, lycopene

has the nephroprotective effect in mice. Renal index and 24h UP
level are the indexes reflecting the renal injury (Zhu et al., 2018).

Table 1. Comparison of FBG and FINS among five groups.

Group n FBG (mmol/L) FINS (mIU/L)

Control 12 5.47 £ 1.67 33.17 £ 5.36

Model 12 24.90 + 4.89* 19.69 + 2.81*
10 mg/kg lycopene 12 22.19+3.15° 22.11 +3.30°

25.16 + 3.99®
28.66 + 2.81%

15.32 £ 3.05%¢
40 mg/kg lycopene 12 11.89 + 2.62:0<d
F 58.003 23.940
P 0.000 0.000

“P <0.05 compared with control group; *P < 0.05 compared with model group; ‘P < 0.05
compared with 10 mg/kg lycopene group; ‘P < 0.05 compared with 10 mg/kg lycopene
group. FBG, fasting plasma glucose; FINS, fasting insulin.

20 mg/kg lycopene 12
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Table 3. Comparison of BUN and Scr levels among five groups.

Group n  Renal index (mg/g) 24h UP (mg) Group n BUN (mmol/L) Scr (pmol/L)
Control 12 2.83+0.21 8.82 £ 1.56 Control 12 5.82+£0.78 23.34+2.05
Model 12 4.66 + 0.65* 28.05 +5.19° Model 12 18.94 + 2.54* 42.90 + 4.65*
10 mg/kg lycopene 12 4.28 £0.53° 24.40 + 3.28° 10 mg/kg lycopene 12 15.43 +2.87% 40.12 + 5.90°*
20 mg/kg lycopene 12 3.84 +£0.43® 20.64 * 4.06® 20 mg/kg lycopene 12 12.17 + 2.04%* 34.47 + 498
40 mg/kg lycopene 12 3.37 £ 0.42%¢ 11.78 £ 1.60%< 40 mg/kg lycopene 12 9.84 + 1.56% 30.27 + 4.04%¢
F 26.792 58.917 F 79.160 36.651
p 0.000 0.000 P 0.000 0.000

P < 0.05 compared with control group; °P < 0.05 compared with model group; P < 0.05
compared with 10 mg/kg lycopene group; ¢P < 0.05 compared with 10 mg/kg lycopene
group. 24h UP, 24-h urinary protein.

Yang et al. (2011) have found that, lycopene can decrease the
serum and urinary protein levels in rats with mercuric chloride
renal damage. In this study, after treatment, the renal index and
24h UP level in model group and three lycopene groups were
significantly higher than those in control group, respectively
(P < 0.05). Compared with the model group, each indexes in
20 and 40 mg/kg lycopene groups was significantly decreased
(P <0.05) (Table 2). This suggests that, besides lowering blood
glucose, lycopene can alleviate the renal injury of diabetic rats.

3.3 Comparison of BUN and Scr among five groups

BUN and Scr are also the indexes reflecting the renal injury
(Li et al., 2020). Mahmoodnia et al. (2017) have found that
lycopene can reduce the BUN and Scr levels in patients with
cisplatin-induced nephropathy. Results of this study showed
that, after treatment, compared with control group, in model
group and three lycopene groups the BUN and Scr levels were
significantly increased, respectively (P < 0.05). Compared with
the model group, the BUN level in 10, 20 and 40 mg/kg lycopene
groups and the Scr level in 20 and 40 mg/kg lycopene groups
were significantly decreased, respectively (P < 0.05) (Table 3).
This further confirms that, lycopene has the nephroprotective
effect in diabetes rats.

3.4 Comparison of renal tissue SOD, GSH-Px and MDA
levels among five groups

It is found that, under the condition of long-term
hyperglycemia, the levels of polyol oxidation, protein glycosylation
and glucose autoxidation are significantly increased (Hammes,
2018). Oxidative stress is closely related to renal injury caused
by diabetes (Jha et al., 2016; Gong et al., 2019). SOD, GSH-Px
and MDA are the main indexes to evaluate the level of oxidative
stress. Lycopene has strong antioxidant activit (Miiller et al.,
2016; Zheng et al., 2020). Results of this study showed that,
after treatment, compared with control group, in model group
and three lycopene groups the renal tissue SOD and GSH-Px
levels were significantly decreased (P < 0.05), and the MDA
level was significantly increased (P < 0.05). Compared with the
model group, in 20 and 40 mg/kg lycopene groups the SOD and
GSH-Px levels were significantly increased (P < 0.05), and the
MDA level was significantly decreased (P < 0.05). This indicates
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P < 0.05 compared with control group; *P < 0.05 compared with model group; <P < 0.05
compared with 10 mg/kg lycopene group; ‘P < 0.05 compared with 10 mg/kg lycopene
group. BUN, blood urea nitrogen; Scr, serum creatinine.

Table 4. Comparison of renal tissue SOD, GSH-Px and MDA levels
among five groups.

MDA
Group n SOD GSH-Px (nmol/mg
(U/mg prot) (U/mg prot) prot)
Control 12 55.37 +8.04 48.09 +7.37 2.82+0.43
Model 12 2594 +4.33* 18.49 + 3.41° 13.30 + 2.87¢
10 mg/kg 12 30.20 £6.28*  22.37 +4.37° 11.38 £ 3.29*
lycopene
20 mg/kg 12 36.73+3.17% 26.18 £5.59®  6.52 + 1.66%*
lycopene
40 mg/kg 12 40.17 £5.50® 33.26 + 6.84°>¢ 509 + 1.04%¢
lycopene
F 44.148 41.206 59.485
p 0.000 0.000 0.000

P < 0.05 compared with control group; *P < 0.05 compared with model group;
P < 0.05 compared with 10 mg/kg lycopene group; “P < 0.05 compared with 10 mg/kg
lycopene group. SOD, superoxide dismutase; GSH-Px, glutathione peroxidase; MDA,
malondialdehyde.

that, lycopene may alleviate the renal injury of diabetic rats by
resisting the oxidative stress (Table 4).

3.5 Comparison of serum TNF-a, IL-6 and hs-CRP levels
among five groups

Inflammation plays an important role in the process of renal
injury caused by diabetes (Pérez-Morales et al., 2019). Study has
shown that the serum TNF-q, IL-6 and hs-CRP levels are increased
in patients with diabetic nephropathy (Aly et al., 2020). Lycopene
has good anti-inflammatory effect (Jiang et al., 2018). Results of
our study showed that, after treatment, compared with control
group, in model group and three lycopene groups the serum
TNF-q, IL-6 and hs-CRP levels were significantly increased,
respectively (P < 0.05). Compared with the model group, the
IL-6level in 10, 20 and 40 mg/kg lycopene groups and the TNF-a
and hs-CRP levels in 20 and 40 mg/kg lycopene groups were
significantly decreased, respectively (P < 0.05) (Table 5). This
confirms that, lycopene can reduce the inflammatory response
in diabetic rats, thus alleviating the renal injury.
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Table 5. Comparison of serum TNF-q, IL-6 and hs-CRP levels among
five groups.

Group n  TNF-a (ng/L) IL-6 (ng/L) lz;g/li?
Control 12 11.05+1.67 12.19 £ 1.38 2.41+043
Model 12 1821 +244  21.43 +2.06° 5.67 £ 0.58°
10 mg/kg 12 1736 £3.05°  18.63 £ 1.34%® 5.03 £0.78
lycopene
20 mg/kg 12 1573 +£2.89" 1630+ 1.06® 4.34 +0.31%
lycopene
40 mg/kg 12 14.88 £3.05® 15.18 £ 1.62%  3.98 + 0.29:<
lycopene
F 12.328 55.327 89.699
p 0.000 0.000 0.000

P < 0.05 compared with control group; °P < 0.05 compared with model group; °P < 0.05
compared with 10 mg/kg lycopene group; ¢P < 0.05 compared with 10 mg/kg lycopene
group. TNF-a, tumor necrosis factor a; IL-6, interleukin 6; hs-CRP, hypersensitive
C-reactive protein.

4 Conclusions

In conclusion, lycopene from tomato pomace can alleviate
renal injury in diabetic rats. These protective effects may be related
to the resistance of oxidative stress and inflammatory response,
but the specific mechanisms remain to be further explored.
This study has provided some experimental evidence for the
application of lycopene to clinical prevention and treatment of
diabetic nephropathy.
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