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Abstract 

Background:  The kidney is a vital organ for the body and is 

vulnerable to drug toxicity. For methicillin-

resistant Staphylococcus aureus, vancomycin is the antibiotic of 

choice. It has been accompanied by nephrotoxicity, which 

restricts its use. Numerous studies have reported that 

nephrotoxicity was linked to oxidative stress and inflammatory 

response. Vinpocetine is a derivative of vincamine alkaloid used 

to treat some neurological disorders and has antioxidant and 

anti-inflammatory effects. The objective of the study: To 

evaluate the nephroprotective effect of vinpocetine against 

vancomycin-induced nephrotoxicity in rats. Methods: Twenty-

four albino male rats were randomly selected and divided into 

three groups (n = 8): (1) Normal group: apparently healthy rats. 

(2) Induction group: treated with vancomycin (200mg/kg) twice 

daily intraperitoneally for 14 days. (3) Vinpocetine group: As 

the group (2) and treated with vinpocetine (2.5mg/kg) twice 

daily orally, an hour before vancomycin administration. 

Results: Vinpocetine group demonstrated a significant decrease 

in urea, creatinine, and cystatin C serum levels compared to the 

induction group. Also, it showed a significant reduction in the 

renal tissue level of malondialdehyde and a significant elevation 

in the renal tissue level of glutathione as compared to the 

induction group. Furthermore, the vinpocetine group showed a 

significant decrease in the renal tissue levels of tumour necrosis 

factor-alpha and neutrophil gelatinase-associated lipocalin. 

Histologically, all rats in vinpocetine group showed a 

significantly reduced level of renal tissue damage. Conclusion: 

The present study shows that vinpocetine exhibited 

nephroprotective due to its antioxidant and anti-inflammatory 

effects.  
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 لفينبوسيتين على السمية الكلوية التي يسببها الفانكومايسين في الجرذانل الوقائي الكلوي تأثيرلا

 
 اديب احمد الزبيدي                 حسنين اياد عبد الامير 

 
 الخلاصة

الكلى عضواً حيوياً في الجسم وهي عرضة للتسمم بالادوية. للمكورات العنقودية الذهبية المقاومة للميثيسيلين,  تعد ذة:نب

الفانكومايسين مصحوباً بالسمية الكلوية, مما يحد من  كان استخدامفإن الفانكومايسين هو المضاد الحيوي المفضل. لقد 

استخدامه. لقد أفادت العديد من الدراسات أن السمية الكلوية مرتبطة بالإجهاد التأكسدي والاستجابة الالتهابية. ان 

علاج بعض نزيم الفوسفودايستيريز, يستخدم لأول من لأالفينبوسيتين هومشتق من قلويد الفينكامين. وهو مثبط النوع ا

لتقييم التأثير الوقائي  :الهدف من الدراسةالمشاكل العصبية وله تأثيرات مضادة للأكسدة ومضادة للالتهابات. 

اختيارأربعة وعشرين من ذكور  تم ل:العمطريقة  للفينبوسيتين ضد السمية الكلوية التي يسببها الفانكومايسين في الجرذان.

( المجموعة الضابطة 1(: )8الجرذان البيضاء وقسمت عشوائياً إلى ثلاثة مجموعات )عدد الحيوانات في كل مجموعة 

مرتان  مجم/كغم( 200( المجموعة الضابطة الموجبة: تم اعطاء الفانكومايسين )2جرذان تبدو سليمة. ) السليمة:السالبة 

( مجموعة الفينبوسيتين: عولجت مثل المجموعة الثانية مع اعطاء الفينبوسيتين 3يوماً. ) 14لمدة يوميا داخل الصفاق 

 اظهرت :النتائج يوماً. 14مجم/كغم( مرتان يوميا عن طريق الفم, بساعة واحدة قبل اعطاء الفانكومايسين لمدة  2.5)

مجموعة الفينبوسيتين إنخفاضاً معنوياً في مستويات مصل اليوريا, الكرياتينين, والسيستاتين سي مقارنة بالمجموعة 

الضابطة الموجبة. كما اظهرت نماذج ألأنسجة الكلوية لمجموعة الفينبوسيتين إنخفاضاً معنوياً في مستوى ألمالوندايلديهايد 

ون عند مقارنتها بالمجموعة الضابطة الموجبة.علاوة على ذلك, كانت مستويات وارتفاعاً كبيراً في مستوى ألجلوتاثي

منخفضة معنوياً في نماذج ألأنسجة الكلوية لمجموعة  اليبوكالين المرتبط بالجيلاتينيزالعدلة عامل نخر الورم ألفا و

ياً في مستوى إصابة الأنسجة الفينبوسيتين. نسيجياً, أظهرت جميع الجرذان في مجموعة الفينبوسيتين إنخفاضاً معنو

أثبتت الدراسة الحالية أن الفينبوسيتين أظهر تأثير وقائي للكلية بسبب تأثيره المضادة للأكسدة : الاستنتاجالكلوية. 

 . وللألتهابات
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Introduction 
Nephrotoxicity is a deterioration in kidney 

functions
(1)

 due to endogenous or 

exogenous toxicants
(2)

. Myoglobinuria, 

hemoglobinuria, and hyperuricosuria are 

examples of endogenous nephrotoxins. 

Exogenous nephrotoxins have a broader 

spectrum, including heavy metals like 

mercury; organic vehicles like carbon 

tetrachloride; phytochemicals like 

aristolochic acid; contrast dye 
 (3)

; and 

medications like aminoglycosides, 

vancomycin, amphotericin B, colistin, 

cidofovir, and platin-containing 

chemotherapeutics 
(4)

. Vancomycin is a 

glycopeptide antibiotic naturally separated 

from the soil Amycolatopsis 

orientalis bacteria and was approved by 

the FDA in 1958 
(5)

. Vancomycin stays 

the first-line antibacterial drug for 

managing infection caused by methicillin-

resistant strains of Staphylococcus 

aureus (MRSA), such as endocarditis, 

osteomyelitis, pneumonia, bacteremia, 

and meningitis 
(6)

. Many randomised 

clinical trials subsequently proved that 

vancomycin induces a higher 

nephrotoxicity risk than the majority of 

other antibiotics. The recorded incidence 

of vancomycin-induced nephrotoxicity 

was 9.4% 
(7)

. The criteria of 

nephrotoxicity induced by vancomycin 

were defined by the guideline as an 

increase in the serum creatinine level of ≥ 

0.5 mg/dL or a 50% increase the baseline 

in successive daily readings 
(8)

. 

Vancomycin is highly concentrated in the 

proximal convoluted tubule cells. It is 

endocytosed from the proximal tubular 

lumen into the cell by megalin and 

dehydropeptidases. In addition, 

vancomycin is transferred from the 

peritubular circulation through the 

basolateral membrane by the organic 

cation transporter-2 into proximal 

epithelial cells. The two-way influx of the 

dug into the renal tubular epithelial cells 

increases its accumulation 
(9)

. Acute 

tubular necrosis (ATN) is the main 

pathophysiological mechanism of 

intracellular damage, which result from 

oxidative stress. Vancomycin induces 

mitochondrial oxidative phosphorylation 

in proximal convoluted tubule cells and 

promotes reactive oxygen species (ROS) 

generation, resulting in lipid peroxidation 

and caspases chain stimulation to cause 

cell apoptosis 
(10)

. Furthermore, ROS 

cause damage to DNA and stimulates 

poly-adenosine diphosphate ribose 

polymerase 1 (PARP-1), an enzyme 

implicated in DNA restoration, to 

consume more ATP for the repair process. 

PARP-1 overstimulation after great DNA 

breakdown causes depletion of ATP, and 

necrosis of the cell occurs (5).  

Vinpocetine was first produced in 

Hungary and sold with the generic name 

Cavinton® in 1978 as a derivative of 

vincamine alkaloid, which is extracted 

from the periwinkle plant 
(11)

. Vinpocetine 

acts on a variety of distinct cellular 

targets, like inhibition of 

phosphodiesterase type 1 enzyme 
(12)

 and 

blocking voltage-sensitive Na+ channels 
(13)

. Additionally, vinpocetine was 

recorded to be an enhancer of IκB 

(Inhibitory kabba B) level, which is 

responsible for inhibiting NF-κB (Nuclear 

factor kabba B), a transcriptional factor 

accountable for the expression of different 

pro-inflammatory mediators, including 

chemokines and cytokines, by inhibition 

of IκB kinase, which phosphorylates and 

degrade IκB molecules 
(14)

. Vinpocetine 

has been used clinically for different 

conditions; it has been used in Europe and 

Asia in the prevention and management of 

some neurological problems such as 

stroke, dementia, and memory impairment 
(11)

. Vinpocetine oral formulation has 

good GIT absorption, and its peak plasma 

concentration could be reached within one 

hour. It has a volume of distribution of 3.2 

± 0.9 L/kg 
(15)

. Vinpocetine is metabolized 

into apovincaminic acid, the main active 

metabolite 
(16)

, and other metabolites 

within the liver, then undergo renal 

excretion. Additionally, it has a first-order 

pharmacokinetic profile with short 

elimination half-life (1-2) hours and can 

be given three times a day 
(15)

. 

Vinpocetine has been found to have many 
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unique effects, notably antagonising 

injury-induced vascular remodelling, anti-

inflammatory, attenuating atherosclerosis 

due to a diet rich with fat, and reducing 

pathological cardiac remodelling, 

according to numerous research 
(12)

. 

Furthermore, previous animal studies have 

shown that vinpocetine can significantly 

improve renal injury due to different 

nephrotoxic agents 
(17–19)

. These 

discoveries may help vinpocetine be 

repositioned for the prevention or 

management of relevant diseases in 

humans 
(12)

. Therefore, the purpose of the 

current study was to look into any 

potential protective effects of vinpocetine 

on rat nephrotoxicity brought on by 

vancomycin. To our knowledge, this 

study is the first to demonstrate 

vinpocetine's nephroprotective effect 

against vancomycin-induced 

nephrotoxicity. 

 

Materials and Methods 
Chemicals 

Vancomycin vial (Gulf pharmaceutical 

industries, UAE), vinpocetine powder 

(Hangzhou hyper chemical market, 

China), carboxymethyl cellulose powder 

(Avonchem, England), ketamine 

hydrochloride vial 10% (Alfasan, 

Holland), xylazine vial 10% 

(Bimeda/Canada), neutral buffered 

formalin powder (Leica biosystem, 

Germany), phosphate buffer saline 

(Chemical point, Germany). 

Preparation of drugs  

Vancomycin vial (1 gm) dissolved in 20 

ml of sterile distilled water according to 

the manufacturer’s instructions. The 

induction of significant nephrotoxicity in 

the rat model was achieved by the 

injection of vancomycin (200mg/kg) 

twice daily intraperitoneally for fourteen 

consecutive days 
(20)

. Vinpocetine powder 

suspended in 0.5% carboxymethyl 

cellulose (CMC) 
(21)

. Vinpocetine was 

given orally, an hour before vancomycin 

administration, in a dose of 5mg/kg 
(18,22)

 

divided into two equal doses due to its 

short half-life 
(15)

. 

 

Animals 
The protocol of the present study was 

approved by the Institutional Review 

Board (IRB) of the College of Medicine / 

Al-Nahrain University (#178 on 

23/8/2022). Twenty-four male Wistar 

albino rats aged 16-20 weeks and 

weighing 175–285g were kept for two 

weeks for acclimatization in separated 

cages under 12 light/dark cycles and 

controlled temperature with free access to 

standard food and water.                                                                               

 

Experimental design 

The rats were divided into three groups, 

eight in each, as follows: Apparently 

healthy group: Rats were maintained on 

standard food and water only. Induction 

group: Treated with vancomycin 

(200mg/kg) twice daily intraperitoneally. 

Vinpocetine group: Treated with 

vinpocetine (2.5mg/kg) twice daily orally 

and vancomycin (200mg/kg) twice daily 

intraperitoneally. All rats were treated for 

14 days and sacrificed on the 15th day.                   

 
Samples collection 

At the end of the experiment, the animals 

were anaesthetized by intramuscular 

injection of xylazine (10mg/kg) and 

ketamine hydrochloride (90mg/kg) 

combination 
(23)

. Then animals were 

euthanized by decapitation 
(24)

, and the 

blood sample was collected from the trunk 
(25)

. Bilateral kidneys were removed 

quickly. One of the kidneys was placed in 

a 10% neutral buffered formalin for 

histopathological examination using the 

paraffin section technique 
(26)

. The other 

kidney was homogenized in phosphate 

buffer saline (PBS) to produce 10% renal 

homogenate 
(27,28)

.                                                                                                                        

Outcome measurement 

Biochemical analysis  

The serum level of urea was detected 

using the colourimetric urease-modified 

Berthelot method 
(29)

 and the serum level 

of creatinine was detected using the 

colourimetric Jaffe method 
(30)

 by ready-
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made kits (Linear Chemicals, Spain). The 

serum level of cystatin C and renal tissue 

levels of MDA, GSH, TNF-α, and NGAL 

were detected using sandwich Enzyme-

Linked Immunosorbent Assay (ELISA) 

method 
(31)

, by sandwich ELISA kits (My 

BioSource, USA).                                                                                                      

Histopathological analysis 

Histopathological examination was done 

without knowledge of the treatment 

protocol. The changes seen were observed 

in the tubulointerstitial areas of the renal 

cortex and graded as follows: 0 for normal 

tissues, 1 for mild (including regions of 

tubular epithelial cell enlargement, 

desquamation, necrosis, cast deposition, 

and interstitial inflammation involving 

less than 25% of the tubulointerstitial 

areas of renal cortex), 2 for moderate 

(similar changes involving 25% but less 

than 50% of the tubulointerstitial areas of 

renal cortex), 3 for severe (similar 

changes involving 50% but less than 75% 

of the tubulointerstitial areas of renal 

cortex), 4 for very severe (similar changes 

involving 75% and more of the 

tubulointerstitial areas of renal cortex).                                                            

Statistical analysis 

Statistical analysis was performed with 

the statistical package for social sciences 

(SPSS-version 26) and Excel 2017. 

Descriptive statistics for the numerical 

data were formulated for all groups and 

are expressed as the mean and standard 

error of the mean (Mean ± SEM). 

Numerical data were analyzed using one-

way ANOVA with least significant 

differences (LSD) post hoc test for 

comparison among groups. Mann-

Whitney U test was used for comparison 

of histopathological scores. The difference 

was considered significant when p value 

was below 0.05.   

                                                                                                               

Results 
Effects of vinpocetine on serum renal 

function biomarkers 

(Table 1) demonstrated that the serum 

levels of urea, creatinine, and cystatin C 

were significantly higher in the induction 

group as compared to their corresponding 

levels in the apparently healthy group. On 

the other hand, the vinpocetine group 

showed significantly lower serum levels 

of urea, creatinine, and cystatin C as 

compared with their corresponding levels 

in the induction group. Meanwhile, serum 

levels of urea and cystatin C were 

significantly higher in the vinpocetine 

group than that of the healthy group, 

while the level of serum creatinine was 

not significantly different from that of the 

healthy group.                   

 

Table (1): Effects of vinpocetine on serum renal function biomarkers 

Groups 
Urea 

(mg/dl) 

Creatinine 

(mg/dl) 

Cystatin C 

(ng/ml) 

Apparently healthy 28.68±1.29 0.49±0.03 269.62±10.43 

Induction 42.28±1.69* 1.30±0.21* 553.15±27.82* 

Vinpocetine 36.03±1.77*# 0.54±0.02# 347.38±11.16*# 

Data are presented as mean ± standard error of mean; *: means p < 0.05 when compared 

to apparently healthy group; #: means p < 0.05 when compared to Induction group. 
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Effects of vinpocetine on renal tissue 

oxidative stress biomarkers 

(Table 2) demonstrated that the level of 

renal tissue malondialdehyde (MDA) was 

significantly higher, while renal tissue 

glutathione (GSH) level was significantly 

lower in the induction group as compared 

to their corresponding levels in the 

apparently healthy group. On the other 

hand, the vinpocetine group showed 

significantly lower level of MDA and a 

significantly higher level of GSH in renal 

tissue as compared to the induction group. 

However, the vinpocetine group had a 

significantly higher level of renal tissue 

MDA and a significantly lower level of 

renal tissue GSH as compared to that of 

the apparently healthy group.  

 

Table (2): Effects of vinpocetine on renal tissue oxidative stress biomarkers  

Groups MDA (nmol/ml) GSH (µg/ml) 

Apparently healthy 1.17±0.04 38.14±1.08 

Induction 4.04±0.10* 10.83±0.23* 

Vinpocetine 2.84±0.09 *# 19.10±0.16 *# 

standard error of mean; MDA: malondialdehyde; GSH;  +Data are presented as mean 

glutathione; *: means p < 0.05 when compared to apparently healthy group; #: means p < 

0.05 when compared to Induction group. 

 

Effects of vinpocetine on renal tissue 

levels of inflammatory biomarkers

Renal tissue levels of inflammatory 

biomarkers, tumour necrosis factor-alpha 

(TNF-α) and Neutrophil gelatinase-

associated lipocalin (NGAL) were 

significantly higher in the induction group 

than in the healthy group. More 

interestingly, the vinpocetine group 

showed significantly lower renal levels of 

inflammatory biomarkers TNF-α and 

NGAL if compared with the vancomycin 

group. However, renal levels of 

inflammatory biomarkers were 

significantly higher in the vinpocetine 

group as compared with the healthy group 

(Table 3)      

 

Table (3): Effects of vinpocetine on renal tissue inflammatory biomarkers 

Groups TNF-α (pg/ml) NGAL (pg/ml) 

Apparently healthy 870.43 ± 50.93 254.02±12.41 

Induction 1761.96±46.4 * 1269.73±62.24* 

Vinpocetine 1249.67±92.16*# 567.34±19.45*# 

alpha; -standard error of mean; TNF: tumour necrosis factor +Data are presented as mean 

NGAL: Neutrophil gelatinase-associated lipocalin; *: means p < 0.05 when compared to 

apparently healthy group; #: means p < 0.05 when compared to Induction group. 
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Histopathological analysis 

Kidney tissue of the induction group 

demonstrated significant damage as 

compared to the apparently healthy group 

with tubular epithelial cell enlargement, 

desquamation, interstitial inflammation, 

hyaline cast, necrosis, and interstitial 

inflammation (Figure 3B). This group had 

12.5% severe and 87.5% highly severe 

histopathological changes when being  

compared to normal kidney tissue. The 

vinpocetine group showed a significant 

reduction in kidney injury as compared to 

the induction group (Figure 3C). 

Regarding histopathological changes in 

comparison to those of normal kidney 

tissue, the vinpocetine group showed 50% 

moderate and 50% severe changes.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                          

 

 

 

 

 

 

Figure (1): Histopathological sections of rats’ kidney [H&E, 20X], (A): represent the 

histopathological findings of normal group, (B): represent the histopathological 

findings of induction group, (C): represent the histopathological findings of 

vinpocetine group, orange arrow: interstitial inflammation, black arrow: tubular 

epithelial cell enlargement, blue arrow: desquamation, green arrow: necrosis, yellow 

arrow: hyaline cast deposition.                           
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Discussion 

The present study showed the dose of 

200mg/kg/twice daily of vancomycin for 

14 days intraperitoneally could induce an 

animal model of nephrotoxicity by a 

dramatic increase in the serum levels of 

urea and creatinine as compared with the 

healthy group, which is consistent with a 

previous study 
(20)

. Furthermore, the better 

and more sensitive biomarker for renal 

function, serum cystatin C level 
(32)

, was 

highly elevated in the induction group in 

accordance with a previous study 
(33)

. 

Deterioration of renal function biomarkers 

may be attributed to oxidative stress that 

causes severe damage to proximal 

convoluted cells associated with acute 

tubular necrosis 
(9)

. Subsequently, loss of 

the ability of these cells to reabsorb 

sodium and water stimulates macula densa 

to trigger tubuloglomerular feedback by 

adenosine action, which cause 

vasoconstriction of the afferent arteriole 

resulting in decreased GFR 
(34)

. The most 

sensitive compounds to ROS are lipids. 

During lipid peroxidation, MDA is 

generated by ROS as the end product 
(35)

. 

In agreement with other studies, the renal 

tissue MDA levels increased due to 

vancomycin nephrotoxicity 
(20,35)

. GSH is 

generally an accepted line of defence 

against oxidative kidney injury 
(36)

. 

Exhaustion of renal tissue GSH is one of 

the main factors which permit lipid 

peroxidation. Thus, the amount of 

intracellular GSH is considered a 

determinant key of the extent of 

vancomycin nephrotoxicity 
(37)

. According 

to previous studies, vancomycin 

administration decreased renal tissue GSH 

levels 
(38–40)

. The result of the present 

study was consistent with these previous 

findings; the lowest levels of renal tissue 

GSH were observed in the induction 

group. Also, renal tissue levels of TNF-α 

and NGAL were significantly higher in 

the induction group in line with previous 

studies 
(36,41)

 and could be attributed to the 

activation of NF-κB by high ROS 
(42)

. 

Furthermore, necrotic cells liberate 

danger-associated molecular patterns 

(DAMPs) from different compartments 

inside the cell that cause more 

inflammation 
(43)

 by binding with pattern 

recognition receptors such as toll-like 

receptors (TLR). This binding will initiate 

the signalling pathway of TLRs and 

protein kinases activation, then nuclear 

factors activation, followed by gene 

expression and production of 

inflammatory cytokines 
(44)

. 

Histologically, the induction group 

showed marked renal tissue damage 

compared to the healthy group, consistent 

with a previous study 
(40)

. On the other 

hand, co-administration of vinpocetine 

with vancomycin improved renal function 

as reflected by a significant reduction in 

serum levels of urea, creatinine, and 

cystatin C when compared to the 

vancomycin group, in accordance with a 

previous study 
(45)

. More interesting, a 

previous study by Fattori et al. showed 

that vinpocetine improves renal function 

deterioration due to diclofenac‑ induced 

nephrotoxicity in mice model through 

regulation of oxidative stress, NF‑ kB 

pathway, apoptosis, and inflammatory 

cytokine productions 
(17)

. The Vinpocetine 

group showed a significantly lower renal 

tissue level of MDA and higher renal 

GSH, in agreement with a previous study 
(46)

. The antioxidant role of vinpocetine 

can probably be attributed to the 

activation of the Nrf-2-mediated 

antioxidant pathway 
(47,48)

. The 

vinpocetine group showed a significant 

reduction in inflammatory biomarkers in 

accordance with previous studies 
(19,49)

. 

The anti-inflammatory role of vinpocetine 

can probably be attributed to two reasons, 

the first is due to the effect of vinpocetine 

as a PDE-I inhibitor via inhibition of NF-

κB activation through an increased 

intracellular level of cGMP and cAMP 
(50)

, and the second reason is expected to 

suppress the process of monocyte 

adhesion and chemotaxis 
(11)

. 

Histopathological examination showed a 

significant reduction in renal tissue 

damage in vinpocetine group. These 

outcomes go with the recent study done 

by Song et al. showed that vinpocetine 

reduces renal tissue damage due to 
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cisplatin-induced nephrotoxicity in rats by 

activating the Nrf2 pathway and inhibiting 

the NF–κB pathway 
(18)

.  

 

Conclusion 

According to this research's findings, the 

protective effect of vinpocetine against 

vancomycin-induced nephrotoxicity could 

be concluded. This effect is attributed to 

the antioxidant and anti-inflammatory 

properties of vinpocetine.                                                    
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