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Abstract

Background
Oxidative stress and in�ammation play important roles in the pathogenesis of diabetic nephropathy.
Raspberry ketone (RK) is one of the main active substances in raspberry and has a variety of medicinal
values. Nevertheless, its protective effect on streptozotocin (STZ)-induced diabetic nephropathy mice has
not been reported. In this study, we researched if RK improves oxidative stress and in�ammation of STZ-
induced diabetic nephropathy mice.

Methods
The model of diabetic nephropathy mice was established by a single injection of STZ (130 mg/kg).
Diabetic nephropathy mice were treated orally with 400 mg/kg/day raspberry ketone extract to eight
weeks. The expression levels of serum creatinine (Scr), urine micro-albumin (mALB), glutathione
peroxidase (GSH-Px), superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA), tumor
necrosis factor alpha (TNF-α), interleukin 1β (IL-1β) and interleukin 6 (IL-6) were measured by Enzyme-
linked immunosorbent (ELISA). Renal structural changes were investigated by using animal diagnostic
ultrasound system.

Results
RK obviously ameliorated as observed in the visible decrease levels of serum creatinine (Scr), urine micro-
albumin (mALB). Furthermore, RK improved expression levels of antioxidant enzyme markers (GSH-Px,
SOD, CAT) and obviously reduced MDA, a product of lipid peroxidation, pro-in�ammatory divisors (TNF-α,
IL-6, IL-1β) in diabetic nephropathy mice. After treatment with RK, we observed that the size of the kidneys
and the damage of renal interstitial of mice were obviously improved, as well as the loss of integrity of
basement membrane and the renal interstitial edema in diabetic nephropathy mice by using animal
diagnostic ultrasound system.

Conclusion
This study strongly indicates that raspberry ketone provides a protective effect against STZ-induced
diabetic nephropathy in improving oxidative stress and in�ammation.

Background
Diabetes mellitus (DM) is currently one of the most severe chronic diseases, which have an important
impact on psychological and physiological quality of life. The pathogenesis of DM may be due to
acquired insulin de�ciency and ineffectiveness of insulin production [1]. On the basis of current
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projections estimate an increase of the prevalence of diabetes by more than 50% between 2019 and
2045, leading to around 700 million people suffering from diabetes in the world. Diabetic nephropathy
(DN), which are among the most common micro vascular complication in patients with DM, and more
than 80% of end-stage renal diseases (ESRD) are caused by diabetes [1, 2]. The number of individuals
with diabetic nephropathy accounts for 40% of patients receiving renal treatment worldwide, and DN is
the most causing substantial morbidity and mortality diabetes complication [3, 4].

The pathogenesis of diabetic nephropathy is generally believed to be connected with oxidative stress,
chronic in�ammation and persistent hyperglycemia [3–5]. The evidence indicating that oxidative stress
and in�ammation play a vital function on STZ-induced diabetic nephropathy [5, 6]. The existent method
geared towards curing diabetic nephropathy hasn’t been strongly e�cacious, which may be due to the
intricacy concerned in pathogenesis of diabetic nephropathy, along with the serious side effects using
accompany drugs and therapeutic methods [1, 5].

Since oxidative stress caused by disorders of antioxidant enzyme system and in�ammation caused by
excessive secretion of pro-in�ammatory cytokines play an important role in the progress of DM and its
complications, o�cinal plants with potential anti-in�ammation and antioxidant effects have given rise
enormous attention to the protection and prevention of these complications, consisting of DN. Growing
evidence has clearly indicated that ketones in plants have a variety of pharmacological activities, such as
anti-diabetes, anti-oxidation and anti-in�ammation [6–10]. Raspberry is a plant of the genus raspberry of
rosaceae, which has a wide range of medicinal value [9–11]. Raspberry Ketone (RK) is one of the main
biological activity components of raspberry, which the functionary mechanism of raspberry ketone of DN
is still not fully reported. Consequently, the present experimental study was to research the effect of
raspberry ketone on diabetic nephropathy in STZ-induced diabetic mice.

Materials And Methods

Drugs and reagents
Raspberry ketone was purchased from Xi'an Herbking Biotechnology Co., Ltd. Glucose assay kit,
creatinine (CRE) assay kit, mice urine microalbumin-linked immunoassay kit, superoxide dismutase
(SOD) assay kit, glutathione peroxidase (GSH-Px) assay kit, CATalase (CAT) assay kit, and
malondialdehyde (MDA) assay kit were purchased from Nanjing Jiancheng Bioengineering Institute,
Jiangsu, China. STZ was purchased from Sigma. The high-fat and high-sugar feed was purchased from
Changchun Yisi Experimental Animal Technology Co., Ltd. D-glucose was purchased from Biotech
Bioengineering (Shanghai) Co., Ltd. IL-6, IL-1β and TNF-α detection kit was purchased from Dakewe
Biotech Co., Ltd.

Animal experiments
Male, 8-week-old C57BL/6J mice, weighing 20–22 g (purchased from Liaoning Changsheng
Biotechnology Co., Ltd.). The animals were housed in a standard animal room (temperature: 21–23 °C,
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humidity: 50%, light: 12: 12 h light / dark cycle). All the animals received a standard diet and allowed free
access to water ad libitum. Mice were acclimatized for one week before starting the experiment. Entire
experimental programmes were authorized by the Animal Ethics Committee of Jilin Medical University
(2019-lw001).

Experimental Design
The mice were fed with ordinary maintenance fodder for a week to help them adapt to the environment.
Mice were fed with high-glucose-high-fat diet for four weeks, and injected by once coeliac injection of
freshly prepared STZ solution (130 mg/kg). Fasting blood glucose level was measured a week after STZ
administration with the aid of glucose assay kit (fasting and freely drinking water for 12 hours). Mice
with fasting plasma glucose level ≧ 225 mg•dL− 1 was used in the experimental research.

In the experiment, mice were randomly divided into 3 groups based on the following treatment scheme (n 
= 10):

Group I (n = 10) Normal control group (Con)

Group II (n = 10) Diabetic nephropathy model group (DN)

Group III (n = 10) Diabetic nephropathy + Raspberry ketone group (DN + RK)

Groups I and II were administered with an equal amount of normal saline daily, group III was administered
with raspberry ketone (400 mg/kg/day) for a total of 8 weeks. At the end of the experiment, the blood
samples were gathered from the venous plexus after the eyeball, and were executed by cervical
dislocation. The blood samples were centrifuged at 3000 rpm for 10 min to obtain the serum and detect
biochemical indicators. The kidneys were collected for ultrasonic inspection with each group of mice.
Urine was collected from each group for urine-related testing before the mice were executed.

Assessment of Oral Glucose Tolerance Test (OGTT)
The mice were fasted and freely drank water for 12 hours, and D-glucose (2 g / kg body weight) was
intragastrically administered. The blood glucose levels were detected at 0, 30, 60, 90, and 120 minutes
after gavage administration according to the manufacturer's kit instructions.

Assessment of oxidative stress and antioxidation
The expressive content of SOD, GSH-Px, MDA and CAT was determined with the help of commercially
obtainable assay kit (Nanjing Jiancheng Bioengineering Institute, Jiangsu, China) according to the
manufacturer's kit instructions.

Assessment of serum creatinine
The creatinine was detected in serum with the assistance of a commercially obtainable assay kit
(Nanjing Jiancheng Bioengineering Institute, Jiangsu, China) according to the manufacturer's kit
instructions.
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Assessment of urine parameters
Coming to an end of the experiment, the urine at all times of mice was gathered for the detection of urine
micro-albumin and urine creatinine. The creatinine clearance was calculated combing urine creatinine
with serum creatinine. Creatinine clearance = urinary creatinine × 24 hours urine output / serum creatinine
/ 2440 min.

Assessment of diabetic serum in�ammation
The expression standard of IL-6, TNF-α and IL-1β was assessed by making use of commercially
obtainable assay kit (Dakewe Biotech Co., Ltd.) according to the manufacturer's instructions.

Ultrasound assessments
By the end of the experiment, the changes of kidney size, loss of integrity of the basement membrane and
the renal interstitial edema in the different groups were measured by the animal diagnostic ultrasound
system.

Statistical Analysis
The experimental results are indicated as mean ± SD. Statistical analysis of data was executed making
use of GraphPad Prism 8 software (San Diego, California, USA). Statistical dissimilarity signi�cance
analysis was determined by Student’s t-test or one-way ANOVA. A p-value < 0.05 was considered
statistically signi�cant.

Results

Effect of raspberry ketone on renal hypertrophy
We investigated the effects of raspberry ketone on renal hypertrophy in diabetic nephropathy mice.
Experimental studies have found that the kidney weight / body weight ratio and kidney cross-sectional
area of diabetic nephropathy model mice are increased compared to the normal control group. This
indicates that the kidneys of diabetic mice are hypertrophic. After 8 weeks of raspberry ketone treatment,
the kidney weight / body weight ratio and kidney cross-sectional area of mice were signi�cantly reduced
compared with the model group. (Fig. 1)

Effect of raspberry ketone on renal injury
We investigated the effects of raspberry ketone on creatinine clearance and urine microalbumin in
diabetic nephropathy mice. Compared with the normal control group, the expressions of urine
microalbumin and serum creatinine in diabetic nephropathy model group mice were signi�cantly
increased, and the urine creatinine (UCr) and creatinine clearance rates (Ccr) were signi�cantly reduced.
However, after 8 weeks of treatment with raspberry ketones, creatinine clearance and urinary
microalbumin were signi�cantly improved in diabetic nephropathy mice. (Fig. 2)
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Effect of raspberry ketone on glucose tolerance
In order to evaluate the impact of raspberry ketone on blood glucose in mice, the OGTT levels and the oral
glucose tolerance test-area under the curve (OGTT-AUC) are shown in Fig. 3. The level of OGTT was an
apparent rise in diabetic nephropathy model group in comparison to the normal mice. However, the level
of OGTT was transparently decreased in raspberry ketone group in comparison to the diabetic
nephropathy model group. In addition, the area under curve analysis also indicated that the blood glucose
level was markedly reduced after treatment with raspberry ketone.

Effect of raspberry ketone on renal oxidative stress
The effect of raspberry ketone treatment on antioxidant enzyme biological activities and oxidative stress
indicators were indicated in Fig. 4. In our experiment, the level of MDA in diabetic nephropathy model
control mice was markedly higher compared with the normal control mice. Furthermore, the biological
activities of the antioxidant enzymes, namely, SOD, CAT and GSH-PX in diabetic nephropathy model
control mice were signi�cantly reduced compared with normal control mice. However, treatment with
raspberry ketone made MDA signi�cantly reduced, markedly strengthening the biological activities of
GSH, SOD and CAT in comparison to diabetic nephropathy model group. It has been proved that
raspberry ketone can improve the oxidative stress in diabetic nephropathy mice. (Fig. 4)

Effect of raspberry ketone on in�ammatory factors
The effect of raspberry ketone on pro-in�ammatory cytokines is indicated in Fig. 5A–C. The levels of pro-
in�ammatory cytokines (TNF-α, IL-6, IL-1β) were markedly higher in diabetic nephropathy model control
mice. However, the level of pro-in�ammatory cytokines in raspberry ketone group was signi�cantly
lowered than diabetic nephropathy model control mice. It was proved that raspberry ketone can improve
the in�ammation of mice with diabetic nephropathy. (Fig. 5)

Effect of raspberry ketone on renal changes
To assess whether raspberry ketones could improve the renal pathology of diabetic nephropathy, we used
an animal diagnostic ultrasound system at 8 weeks of treatment to observe changes in kidney size and
mouse kidney interstitial changes. The results showed that kidney hypertrophy, loss of basement
membrane integrity and renal interstitial edema were observed in the model group of mice. After 8 weeks
of treatment with raspberry ketone, the kidney structure of the mice improved signi�cantly. (Fig. 6)

Discussion
Diabetic nephropathy is a grievous public health problem, which considered to among the grievous life-
threatening complications of diabetes mellitus, and among the most important cause of end-stage renal
disease (ESRD) [12]. Diabetic nephropathy occurs in morbidity reach up to 30 ~ 40% of diabetes
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complications. Diabetic nephropathy is featured by augmented proteinuria and glomerular �ltration
dysfunction in the clinical. There are some signi�cant pathological changes in the shape and function of
the renal, for example, renal microvasculature disruption, glomerular capillaries, tubular interstitial
damage renal hypertrophy and expansion of the extracellular matrix [13]. Diabetic nephropathy brings
great economic burden to people, and the prognosis of patients is poor, and the morbidity and mortality
are high, which has caused widespread concern and research. Although treatments for diabetic
nephropathy continue to develop, morbidity and mortality appear also to be increasing [14]. Therefore,
seeking for more e�cacious selectable treatment from o�cinal herbs in reducing the incidence and/or
mortality of diabetic nephropathy is ongoing.

Raspberry Ketone is a well-known traditional Chinese medicine. In recent years, it has become a research
hotspot because of its various biological activities such as anti-hyperglycemic, antioxidant, anti-
in�ammatory and neuroprotective [9–11]. The plants are rich in ketone compounds and are a good anti-
diabetic drug, which can further explore the effect of the plant extracts on diabetic complications such as
renal disease. The current research, consequently, appraised the protective effect of Chinese herbal
extracts for DN in STZ-induced diabetic mice.

Oxidative stress plays an important role that has been incriminated in the nosogenesis of DN [15].
Excessive blood glucose is given rise to overproduction of oxidative stress, which has been intimately
related to the occurrence and progress of DN [16–20]. Raising blood glucose is given rise to the
overproduction of oxidative stress in the renal, which is given rise to the apoptosis of proximal tubular
epithelial cells and mechanical cells and the depletion of phagocytes, which is the progression of diabetic
nephropathy A phase is set [24, 25]. Raising biological activities of antioxidant enzymes alleviate
oxidative stress, and foregoing research studies have shown that some antioxidant enzymes are
decreased and lipid peroxidations are raised in DN [18]. Previous research has discovered that
malondialdehyde with lipid peroxidation production was markedly raised, while the biological activity of
SOD, GSH-PX and CAT was in diabetic nephropathy animals with a downturn [17, 26]. The research
discovered that after treatment with raspberry ketone, diabetic mice markedly raised the biological
activities of the internal SOD, GSH-PX and CAT, and concurrently given rise to a descendant in the
malondialdehyde of lipid peroxidation production level. It validates that raspberry ketone has a bene�cial
antioxidant effect, while the mechanisms needed further investigation.

The excessive secretion of the pro-in�ammatory cytokine has been put forward to bring into play an
essential function on the occurrence and progression of DN [21–23]. Preceding experimental research
has found that the production level of pro-in�ammatory cytokines, for example, IL-1β and IL-6, TNF-α is
increased in diabetic nephropathy [27, 28]. Stimulating an increase in the expression of various pro-
in�ammatory cytokines goes through the stimulation of NF-κB pathway when the organism produces
oxidative stress, thus damaging the renal tissue [29]. Foregone experimental studies have shown that pro-
in�ammatory cytokines affected renal function and renal damage in a few mechanistic pathways [20, 30,
34]. Furthermore, the excessive release of pro-in�ammatory cytokines in DN may give rise to the
in�ltration of macrophages, which successively injures the glomerular and causes excessive the level of
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urine micro-albumin [27, 31, 32]. Our experimental results showed that the production of TNF-α, IL-6 and
IL-1β increased in diabetic nephropathy model control mice, which were markedly declined by raspberry
ketone treatment. These results indicated that raspberry ketone may improve the renal function by
reducing the expression of several pro-in�ammatory cytokines, while the mechanisms needed further
investigation.

The abnormal excretion of creatinine and urine micro-albumin is regarded as an important clinical
pathological sign of diabetic nephropathy [35, 36]. Injuries to the renal in STZ-induced diabetic
nephropathy animals are obvious with the increase in serum creatinine and the decrease in urine
creatinine, which are suggestive of the abatement in creatinine clearance. Our experiments discover that
raspberry ketone therapy reduced serum creatinine and raised urine creatinine levels in diabetic mice,
indicating an enhancement in the renal functions of diabetic animals of the raspberry ketone therapy.

In our experimental animal model with revulsive diabetic nephropathy, animal ultrasound analysis of
diabetic mice indicated noteworthy that the renal lesion was serious in diabetic nephropathy model group
but the kidneys of the treated mice were similar in size to normal mice and the loss of integrity of
basement membrane and was improved. Renal interstitial edema also was improved. We prove that
raspberry ketone improved a few representative changes in diabetic nephropathy, namely, renal
in�ammation, renal hypertrophy, loss of integrity of renal basement membrane and renal interstitial
edema, while the speci�c pathological analysis needed further investigation.

Conclusion
In the present study, our experimental results showed that raspberry ketone ameliorated kidney damage
caused by STZ-induced diabetic mice in the way of improving antioxidant enzymes biological activities
and reducing secretion of pro-in�ammatory cytokines, indicating that raspberry ketone might have
pro�table curative effect on the prophylaxis and medication of the diabetic nephropathy. Nevertheless,
further investigations are necessary prior to clinical application.

Abbreviations
RK
Raspberry ketone
STZ
streptozotocin
Scr
serum creatinine
mALB
urine micro-albumin
GSH-Px
glutathione peroxidase
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SOD
superoxide dismutase
CAT
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MDA
malondialdehyde
TNF-α
Tumor necrosis factor alpha
IL-1β
Interleukin-1β
IL-6
Interleukin-6
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Enzyme linked immunosorbent assay
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Diabetes mellitus
DN
Diabetic nephropathy
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end-stage renal diseases
CRE
creatinine
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Oral Glucose Tolerance Test
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urine creatinine
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creatinine clearance rates
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Figures

Figure 1
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Effect of raspberry ketone on kidney hypertrophy in STZ-induced diabetic nephropathy mice. (A): Body
weight; (B): Kidney weight; (C): Kidney weight/Body weight × 100; (D) Renal transverse plane area. Values
are indicated as mean ± SD (n = 10). #p<0.05 and ##p<0.01 as indicated to the normal control group.
**p<0.01 when indicated to diabetic nephropathy model group.

Figure 2

Effect of raspberry ketone on serum biochemical parameters (A) Scr (B) UCr (C) Ccr (D) mALB in STZ-
induced diabetic nephropathy mice. Values are indicated as mean ± SD (n = 10). #p<0.05 and ##p<0.01
as indicated to normal control group. *p<0.05 and **P<0.01 when indicated to diabetic nephropathy
model group.
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Figure 3

Effect of raspberry ketone on glucose tolerance in diabetic mice. (A) OGTT (B) AUC. Values are indicated
as mean ± SD (n = 10). ###p<0.001 as indicated to normal control group. *p<0.05 when indicated to
diabetic nephropathy model group.
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Figure 4

Effect of raspberry ketone on serum the antioxidant enzymes and oxidative stress indicators (A) MDA (B)
GSH-Px (C) SOD (D) CAT biological activities in STZ-induced diabetic nephropathy mice. Values are
indicated as mean ± SD (n = 10). ##p<0.01 and ###p<0.001 as indicated to normal control group.
*p<0.05 and ***P<0.001 when indicated to diabetic nephropathy model group.
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Figure 5

Effect of raspberry ketone on serum pro-in�ammatory cytokines (A) IL-6 (B) TNF-α (C) IL-1β in STZ-
induced diabetic nephropathy mice. Values are indicated as mean ± SD (n = 10). ##p<0.01 as indicated
to normal control group. **P<0.01 when indicated to diabetic nephropathy model group.
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Figure 6

Ultrasonic images of representative pathological structure of mice kidney. (A): Normal control group
(Con); (B): Diabetic nephropathy model group (DN); (C): Diabetic nephropathy +Raspberry ketone group
(DN+RK).


