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Amelioration of streptozotocin-induced neurotoxicity in rats by a standardized extract of Cydonia 
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Abstract
Background: Globally, medicinal plants are widely used to treat ailments due to their safety, 
accessibility and efficacy. Objectives: The objective of this study was to determine in vivo 
neuroprotective effect of methanolic extract of seeds of Cydonia oblongaagainst streptozotocin-
induced diabetes in rats, as this research has not been reported previously. Methods: Methanolic 
extract (100, 150 and 200 mg/kg b.w) was administered for 21 days to diabetic rats. Total 
protein content, glutathione-S-transferase (GST) specific activity, total glutathione level (tGSH), 
catalase activity (CAT), malondialdehyde (MDA) level, superoxide dismutase (SOD) level 
and acetylcholinesterase (AChE) activity were determined in the brain homogenate. Results: 
C. oblonga seeds extract showed a significantly (*p < 0.05) increased in GST activity, tGSH 
level, CAT activity and level of SOD. While MDA levels and AChE activity were decreased 
in comparison with streptozotocin-treated group. Histopathological examination also showed 
a marked improvement in the morphology of brain tissues. Conclusion: It is concluded 
that the methanolic extract of C. oblonga seeds has the potential to protect the brain against 
streptozotocin-induced neurotoxicity by reducing oxidative stress and is beneficial for cognitive 
improvement in diabetic patients. 
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Introduction
Cydonia oblonga Mill is also known as Bahee Dana, 
Quince, Safarjal and Strythion. It comes under the 
family Rosaceae and is famous for its therapeutic, 
dietary and decorative usages. The chemical study of 
the plant depicts that it contains pectin, flavonoids 
and phenolic phytochemicals along with volatile and 
essential oils. C. oblonga fruit contains minerals like 
calcium,sodium, phosphorus and potassium. The 
plant is an enriched source of proteins, carbohydrates, 

lipids andvitamin C.Cydonia oblonga is also a 
resource of valuable phytochemicals, including 
tannins, alkaloids, glycosaponins, polyphenols and 
flavonoids. Traditionally, Cydonia oblonga is widely 
used to treat different disorders such as inflammation, 
bacterial infections, hypertension and diabetes.1

Diabetes mellitus (DM) is one of the most prevalent 
non-communicable disorders that results in 
hyperglycemia, hyperlipidemia and glycosuria. DM 
is also presented with severe complications included 
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nephropathy, retinopathy, neurotoxicity, skin 
diseases, depression and dementia. According to the 
World Health Organization (WHO), DM prevalence 
is increasing exponentially around the globe for the 
last two decades. The occurrence of DM in 2017 is 
425 million and it is predicted that DM cases tend to be 
amplified up to 629 million by 2045.2 Type 1 diabetes 
mellitus (T1DM) is described as a total insufficiency 
of insulin due to the loss of pancreatic β cells. The 
loss of pancreatic β cells can be occurred due to 
many reasons including viral attack, toxic chemical 
agents or by autoimmune antibodies.3 Streptozotocin 
(STZ) is a diabetogenic chemical that stimulates 
pancreatic β cells injury and induces hyperglycemia. 
The STZ induced diabetes triggers the formation 
of free radicals that leads to the oxidative stress. 
This oxidative stress causes severe nervous system 
damageand ensues acute neurotoxicity i.e. speech 
disorder, weaken memory, cognitive impairment, 
coma and eventually death.4, 5 Further, levels of the 
oxidative stress indicators,i.e. protein, glutathione-S-
transferase (GST), glutathione reductase (GR), total 
glutathione (tGSH), catalase (CAT) malondialdehyde 
(MDA), acetylcholinesterase (AChE) and superoxide 
dismutase (SOD) are also altered in STZ induced 
diabetes. The estimation of these biomarkers is 
quite crucial in order to evaluate the effects of 
various pharmacological active compounds and 
their association with diabetes mellitus. Currently, 
researchers givemore concentration on natural 
remedies to cure hyperglycemia and reduce oxidative 
stress with minimum side effects.6

The aim of the current study is to investigate in vivo 
neuroprotective potential of C. oblonga methanolic 
extract against streptozotocin induced diabetes in 
rats.   As previously such research was not found 
through an extensive literature study.
Materials and Methods
Plant collection, authentication and extraction
Cydonia oblonga seeds were collected from a local 
market located inLahore, Pakistan. The part used 
(seeds) was authenticated by Prof Dr. Zaheer-ud-
Din Khan, a taxonomist at the department of Botany, 
Government College University (GCU), Lahore, 
Pakistan. He issued a voucher number (GC.Herb.
Bot.2902). A specimen of the voucher was deposited 
at the Herbarium Department of GCU, Lahore. 
Seeds of C. oblonga were ground to powder. The 
maceration method was used for the preparation of 
methanolic extract of C.oblonga.

Chemicals
1-Cloror-2,4-dinitrobenzene (CDNB), potassium 
dichromate, potassium sodium tartrate, pyrogallol, 
sodium hydroxide, 1,1,3,3-Tetramethoxy propane 
and 5,5’-dithio-bis-[2-nitrobenzoic acid] (DTNB)
were supplied by Sigma-Aldrich. Copper sulfate, 
dipotassium hydrogen phosphate, glacial acetic acid, 
hydrochloric acid and methanol were taken from 
Merck. Acetylcholine iodide was provided by Alfa 
Aesar.
Standardization of extract
The standardization of the methanolic extract of 
C. oblonga was done in order to determine the 
concentration of total flavonoids, total polyphenols, 
total polysaccharides, total protein and glycosaponins 
in the extract.
Total flavonoids
The method described by Chang was adopted for 
the quantification of flavonoids in the extract with a 
smallvariation in the testing protocol. The quercetin 
was used as a standard. Different dilutions of the 
quercetin (20, 80, 120, 10 and 40 µg/ml) were made 
withinmethanol. The stock solution (1mg/1ml) of the 
extractwas prepared in methanol. Then, aluminum 
nitrate and potassium acetate were added in 200 µl 
of both sample and standard,followed bymixing and 
incubated for 45 minutes.   Afterward, absorbance 
was determined at 415 nm. A calibration curve was 
plotted for the determination of total flavonoids 
(expressed as mg/g of quercetin).7

Total polyphenols
The Slinkard prescribed methodwas utilized for 
the quantification of total polyphenols in extract 
with slight alterations. The gallic acid was used 
as a standard and its 1mg/1ml stock solution was 
prepared in methanol. Then, different dilutions of 
gallic acid (80, 20, 120, 10 and 40 µg/ml) were made 
with methanol. The stock solution (1mg/1ml) of the 
extractwas prepared in methanol. Folin-Ciocâlteu 
(FC) reagent and sodium carbonate were mixed with 
200 µl of each sample and standard in separate test 
tubes and incubated at room temperature in the dark 
for 2 hours.  Next, the absorbance of each sample and 
standard was determined at 760 nm. A calibration 
curve was plotted for the determination of total 
polyphenol (expressed as mg/g of gallic acid).8

Carbohydrates
50 mg of the extract was taken in centrifuge tubes then 
hot ethanol was added and vortexed for 2 minutes. 
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Centrifugation was done and supernatant was 
collected. Then, its extraction was carried out with 
hydrochloric acid and distilled water in a ratio of 1:1. 
Centrifugation was again done and thesupernatant 
was collected. The extraction process was repeated 
two times and the supernatants obtained were pooled 
together. In the nextstep, 100 µl of this was taken in 
a separate test tube and the final volume was made 
up to 1 ml with distilled water. 4 ml of the anthrone 
reagent was added and vortexed. This mixture was 
heated ina water bath for 8 minutes then cool down at 
room temperature. Finally, green color was produced 
and its absorbance was determined by using UV-
visible spectrophotometer at 630 nm. Glucose was 
taken as a standard and a calibration curve of glucose 
was plotted.9

Total protein
The total protein content of the sample was 
determined by a method that was devised by Lowery 
with minor modifications. 50 mg of the extract was 
mixed in distilled water then 5 drops of the Triton-X 
were added. After centrifugation, the supernatant 
was taken in separate test tubes and the volume was 
made up to 1ml with distilled water. Then, 3ml of the 
reagent C was added to each test tube. The reagent 
C was prepared by mixing of 50 ml of reagent A (2 
% of the Na2CO3 in 0.1 N solution of NaOH) and 
1ml of reagent B (0.5 % of the Copper sulphate in 
1% of potassium sodium tartrate). Then200 µl of the 
FC reagent was added and vortexed. Subsequently, 
incubation was done for 30 minutes in dark and 
absorbance was measured at a wavelength of 600 
nm.   Bovine serum albumin standard curve was 
plotted for the determination of total protein content 
in the extract.10

Total glycosaponins
The procedure developed by Hussain opted for the 
quantification of total glycosaponins in the extract 
with slight changes. The extract was refluxed with 
methanol for 30 minutes and filtered. Afterward, this 
filtrate was concentrated on a water bath andthen 
added in acetone for precipitation. These precipitates 
were dried at 100 °C and weighed. The total content 
of glycosaponins was calculated by the following 
formula.11

Glycosaponins (%) =    Weight of the precipitate/ 
Weight of the sample × 100

In-vivo evaluation of streptozotocin-induced 
neurotoxicity in rats

Animals
Male Sprague-Dawley (SD) rats having a weight 
range 130 – 160 g were used for this in vivo study 
and were procured from the University of Health 
Sciences (UHS) Lahore. Guidelines of the Punjab 
University College of Pharmacy (PUCP) Animal 
Ethics Committee were followed for the handling 
of animals and the voucher number assigned was 
AEC/PUCP/1099. Rats were housed in plastic cages 
having steel mesh top in the animal house of the 
PUCP under optimum environmental conditions. 
Before performing this research, rats were kept 
under observation and provided with adequate diet 
and water.
Experimental design
Fifty-four male Sprague Dawley rats were divided 
into nine groups. Four rats (n=6) were included in 
each group. Group I: Control, given only distilled 
water for 21 days. Group II, III & IV, different doses 
(100, 150 and 200 mg/kg) of methanolic extract 
were administered for 21 days. Group V (Diabetic 
control), Streptozotocin 50 mg/kg administered i.p 
once for the induction of diabetes. Group VI, VII, 
VIII & IX STZ induced Diabetic groups were given 
100, 150 and 200 mg/kg of the extract and Vit. C 
100 mg/kg orally for 19 days. Rats were sacrificed on 
the 20th day, their brains were removed and stored at 
-80°C till further experiments.12

Assay of glutathione s-transferase (GST)
First, the brain sample was homogenized in a 
phosphate buffer (pH 7.4) then centrifuged at 12,500 
× g for 20 minutes at 4oC in order to prepare post 
mitochondrial supernatant (PMS). The concentration 
of protein in PMS was determined by the Lowry 
method as described previously. The effect of C. 
oblonga seed extract on GST specific activity 
was determined by the Habig method with a little 
adjustment in procedure. The optimized protein 
concentration of PMS was used with 30mM GSH and 
30mM 1-chloro-2, 4-dinitrobenzene as a substrate in 
100mM potassium phosphate buffer (pH 6.5). The 
absorbance of the conjugated substrate was read at 
340nm on UV/Vis spectrophotometer for 5 minutes 
at room temperature.13

Following equation was used to calculate the GST 
specific activity
GST specific activity = change in absorbance per 
minute (∆A/min)
Extinction coefficient× Protein Concentration (mg/ml)  
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Assessment of the total glutathione (tGSH)
The total glutathione level in brain tissues of the 
rats was quantified by the Sedlak method after a 
few amendments in testing steps. The brain tissue 
was weighed and phosphate buffer was added in it. 
Subsequently, the brain tissue was homogenized and 
trichloroacetic acid was added in order to precipitate 
it. It was then centrifuged for 40 minutes and the 
supernatantwas separated. Next, Tris-HCl buffer was 
added tothe supernatant followed by DTNB. In the 
final step, methanol was added to all of the test tubes. 
The blank was prepared by the same method by adding 
phosphate buffer in place supernatant. All the contents 
were vortexed and incubated for 30 minutes at 37 0C. In 
due course, yellow color appeared and its absorbance 
was quantified at a wavelength of 412 nm.14

Evaluation of the catalase (CAT) activity
The catalase activity in brain tissue was estimated 
by the Sinha method16 with a slight adjustment 
in procedure protocol. The test was performed in 
triplicates. Firstly, phosphate buffer was added to 
all the test tubes then hydrogen peroxide and brain 
homogenate were added respectively. Next, all of the 
test tubes were vortexed. Later, 1 ml of this mixture 
was taken in separate test tubes and a reagent was 
added that resulted in production of the blue-colored 
precipitates. This reagent was prepared by mixing 
of potassium dichromate and glacial acetic acid in 
a ratio of 1:3. The reaction mixture was vortexed 
then heated at 1000C for 10 minutes. These blue 
colored precipitates were changed to the green-
colored solution. Lastly, absorbance was measured 
at a wavelength of 570 nm on a spectrophotometer.15

Estimation of the superoxide dismutase (SOD) 
activity 
The superoxide dismutase level in brain tissue of rats 
was estimated by a method described by Magnani 
with a slight alteration. The brain homogenate was 
prepared in phosphate buffer and test was performed 
in three replicates. 1 ml of Tris-buffer was added 
in all of the sample test tubes then homogenate 
was added. In the control, distilled water was used 
in place of the brain homogenate. Then pyrogallol 
solution was added just before the determination of 
the absorbance. The absorbance was determined at a 
wavelength of 420 nm.16 The results were calculated 
by applying the following formula 
% Inhibition of pyrogallol autoxidation = A test /A 
control × 100

SOD activity (U/ml) = % Inhibition of pyrogallol 
autoxidation/ 50

Analysis of malondialdehyde (MDA) activity
The Okhawa’s method was adopted for the 
determination of the MDA level in brain tissue with 
minor changes. Brain tissues were homogenized 
in potassium chloride solution and the test was 
performed by making three replicates of each sample. 
Sodium lauryl sulfate, acetic acid and thiobarbituric 
acid were added in test tube respectively. Then 
distilled water and homogenate were added. Test 
tubes were incubated at 980C for 1 hour, cooled and 
after that n-butanol was added. Reaction mixture 
was vortexed, then centrifuged for 30 minutes and 
absorbance was measured at a wavelength of 532 
nm.17

Estimation of neuronal acetylcholinesterase (AChE) 
activity
The brain samples of each group were homogenized 
in phosphate buffer. The test was performed in 
triplicates. To each of the test tubes containing brain 
homogenate, phosphate buffer (pH 8) and DTNB 
were added. Then the reaction mixture was mixed 
well and absorbance was recorded at 570 nm using 
UV-visible spectrophotometer. After that acetyl 
thiocholine iodide (20 μL) which is used a substrate 
was added to the reaction mixture and absorbance 
was recorded at an interval of 2 minutes to find the 
change in absorbance per minute.18

The following equation was used to determine the 
level of AChE.

R = 5.74 x 10 -4  x  A/CO
Where 
R is the rate of substrate hydrolyzed/mg/min, A is the 
change of absorbance per minute and CO is original 
concentration of the tissue.
Histopathological examination
The tissue sections of the brain were blotted dry 
and washed with normal saline. These sections 
were preserved in10 % formalin. Later, tissues were 
fixed in paraffin and cut into thethinnerslices (5 μm) 
by using the microtome. For permanent fixation of 
the tissue, slides were placed in the oven for 10 – 
15 hours at 58ºC. Then, Hematoxylin and Eosin (H 
and E) staining was done. H & E stain blue color 
to the nucleus and pink or red color to protein, 
intracellular membrane and extracellular fibers. All 
the sections were examined using light microscope. 
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The criteria for neurotoxicity included liquefactive 
necrosis, vacuolization, pyknosis or loss of nuclei 
and infiltration of inflammatory cells. Each specimen 
was scored from none too severe. Histological 
examination and scoring wereperformed and 
assessed by an independent histopathologist, non-
related to this study.19

Statistical analysis
Graph pad Prism version 5 was used for statistical 
analysis. One way ANOVA and Dunnett’s test was 
employed for making comparison between different 
groups. Results were expressed in mean and standard 
deviation (Mean ± SD) and *p < 0.05 was considered 
statistically significant.

Ethical clearance 

Guidelines of the Punjab University College of 
Pharmacy (PUCP) Animal Ethics Committee were 
followed for the handling of animals and voucher 
number assigned was AEC/PUCP/1099.

Results

Standardization of the extract

The results of the extract standardization (Table I)are; 
total flavonoids (76.70mg/g) > carbohydrates (68.46 
mg/g) > total protein content (68.10 mg/g) > total 
polyphenols(33.08 mg/g). The total glycosaponins 
was found to be 7.20 %. 

Table I - Standardization of the methanolic extract of C. oblonga seeds

Extracts
Total Flavonoids 

content(mg/g)
Total Polyphenols 

content (mg/g)
Carbohydrates 
content (mg/g)

Total Protein 
content (mg/g)

Total Glycosaponins 
content (%)

Methanolic extract 76.70 ± 4.69 33.08 ± 3.52 68.46 ± 2.01 68.10 ± 4.32 7.20 ± 0.008

In-vivo evaluation of streptozotocin-induced neurotoxicity in rats

Assay of glutathione s-transferase (GST)
The GST specific activity (Table II) has demonstrated 
that the methanolic extract (100, 150 & 200mg /kg) 
co-administered with STZ increased significantly 
GST specific activity 0.039 ± 0.01, 0.05 ± 0.005& 
0.05 ± 0.01respectively as compared to the STZ 
treated group 0.027 ± 0.01. This change was a dose 
dependent. However, extract administration showed 
non-significant effect on GST activity.
Assessment of the total glutathione (tGSH)
The outcomes of tGSHlevel estimation (Table II) 
exhibited that the methanolic extract (100, 150 & 
200mg /kg) co-administered with STZ increased 
significantly tGSH level 0.902 ± 0.07,  1.14 ± 0.027 
& 2.053 ± 0.07respectively as compared to the STZ 
treated group (0.525 ± 0.040).
Evaluation of the catalase (CAT) activity
The neuronal CAT activity (Table II) showed that 
the methanolic extract (100, 150 & 200mg /kg) co-
administered with STZ increased significantly 0.036 
± 0.08,  0.045 ± 0.01&0.044 ± 0.012respectively as 
compared to the STZ treated group (0.28 ± 0.01).
Estimation of the superoxide dismutase (SOD) 
activity 
The estimation of SOD level (Table II) in brain 
illustrated that the methanolic extract (100, 150 & 

200mg /kg) co-administered with STZ increased 
significantly 10.74 ± 0.28, 12.78 ± 0.06 & 14.21 ± 
0.16 respectively as compared to the STZ treated 
group (8.50 ± 0.13).

Analysis of malondialdehyde (MDA) activity

It is evident from the analysis of MDA level (Table 
II) in brain tissuethat the methanolic extract (100, 150 
& 200mg /kg) co-administered with STZ decreased 
significantly 4.14 ± 0.13, 3.58 ± 0.11 & 2.58 ± 0.16 
respectively as compared to the STZ treated group 
(6.53 ± 0.09).

Estimation of neuronal acetylcholinesterase (AChE) 
activity

The results of AChE level (Table II) in brain tissue 
showed that the methanolic extract (100, 150 & 
200mg /kg) co-administered with STZ decreased 
significantly AChE level 7.47 ± 0.42, 5.24 ± 0.15 
& 4.95 ± 0.41 respectively as compared to the STZ 
treated group (9.71 ± 0.13).  C. oblonga seeds extract 
showed a dose dependent amelioration effect against 
STZ induced neurotoxicity. 

Taken as a whole, it is obvious from the results 
that STZ significantly (*p < 0.05) decreased total 
glutathione level, CAT activity and SOD level, 
however significantly (*p < 0.05) increased MDA & 
AchE level in comparison to the control group. 
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Table II - Effects of C. oblonga seeds extract on enzyme activity in STZ induced brain toxicity

Groups
GST activity (µM/min/

mg protein)
tGSH

(mM/g tissue)
CAT

(µM/g tissue)
MDA

(µM/g tissue)
SOD

(U/mg)
AChE(µmol/min/

mg)

Control 0.059 ± 0.016 2.530 ± 0.040 0.047 ± 0.017 1.54 ± 0.066 14.74 ± 0.270 4.298 ± 0.063

STZ 0.027 ± 0.006# 0.525 ± 0.040# 0.28 ± 0.014#  6.53 ± 0.092# 8.50 ± 0.134# 9.71 ± 0.126#

COM 100 0.061 ± 0.007 2.483 ± 0.050 0.0465 ± 0.047 1.49 ± 0.067 14.39 ± 0.259 4.27 ± 0.033

COM 150 0.062 ± 0.013 2.500 ± 0.045 0.0447 ± 0.017 1.33 ± 0.184 14.79 ± 0.089 4.29 ± 0.053

COM200 0.049 ± 0.009 2.565 ± 0.044 0.054 ± 0.021 1.07 ± 0.085 14.89 ± 0.268 4.31 ± 0.053

STZ+COM 100 0.039 ± 0.009* 0.902 ± 0.068* 0.036 ± 0.017* 4.14 ± 0.13* 10.74 ± 0.287* 7.47 ± 0.420*

STZ+COM 150 0.049 ± 0.005* 1.148 ± 0.027* 0.045 ± 0.014* 3.58 ± 0.111* 12.78 ± 0.061* 5.235 ± 0.151*

STZ +COM 200 0.056 ± 0.002* 2.053 ± 0.068* 0.044 ± 0.017* 2.58 ± 0.162* 14.21 ± 0.168* 4.952 ± 0.411*

STZ +Vit-C 0.054 ± 0.008* 2.365 ± 0.134* 0.039 ± 0.021* 1.66 ± 0.036* 13.93 ± 0.117* 7.14 ± 0.489*

Histopathological examination

Histopathological observation of control (normal) 
brain tissue of rat showed normal morphology. 
There are well formed nuclei with intact blood 
vessels and no infiltration of inflammatory cells, 
vacuolization and pyknosis of nuclei Figure 1 (A).
The Steptozotocin treated group (60mg/kgBW) 
showed severe liquifactive necrosis with loss of 
nuclei, enhanced infiltration of inflammatory cells 
and   vacuolization with pyknosis of nuclei and 
vascular congestion Figure 1 (B).Themethanol 
extracts C. oblonga (100,150 and 200 mg/ kg BW) 
showed normal brain morphology, there were no 
signs of necrosis. Neurons with intact nuclei and 
blood vessels were present, with no morphological 
changes Figure 1 (C, D, E).The methanolic extract 
of C. oblonga at dose 100 mg/ kg was administered 
to STZ induced rat, the morphological observation 
of brain tissue showed moderate degeneration with  
rare vacuolization and pyknotic nuclei,  less necrosis 
and vascular congestion as shown in Figure 1 (F). 
The extract of C. oblonga at dose 150 mg/ kg was 
administered to Streptozotocin induced rats, the 
morphological observation of brain tissue showed 
moderate degeneration with rare vacuolization 
and pyknotic nuclei,   less necrosis and   vascular 
congestion as shown in Figure 1 (G). The extract of 
C. oblonga at dose 200 mg/ kg was administered to 
STZ induced rats, the morphological observation of 
brain tissue showed moderate degeneration with  rare 
vacuolization and pyknotic nuclei,  less necrosis and  
vascular congestion as shown in Figure 1 (H).
Discussion
Streptozotocin (STZ) is a natural nitrosourea 
compound. It is extensively used to induce insulin-
dependent diabetes mellitus in experimental 
animals due to its toxic effects on islet beta cells.

Streptozotocin-induced diabetes depicts a significant 
example of hyperglycemia-mediated oxidative stress 
which causes severe nerve damage.3,4,20 Medicinal 
plants are widely used across the globe due to their 
safety, accessibility and efficacy.21,22 The Cydonia 
oblonga has been employed since centauries 
to treat different ailments like diarrhea, cough, 
dysentery, sore throat, constipation, diabetes and 
bronchitis.1 The current study showed that the plant 
contains valuable phytochemicals, i.e. flavonoids, 
glycosaponins and polyphenols. The major phenolic 
compound of C. oblonga is 5–O–caffeoylquinic acid, 
which showed a reasonable binding affinity for AChE 
and chlorogenic acid (3–O–caffeoylquinic acid) 
and thus reduces oxidative stress and peroxidation 
of the lipids.The flavonoids presentin C. oblonga 
extract stabilize the free radicals and thus reduce the 
neurotoxicity.1,23,24 The presence of glycosaponins in 
the plant has indicated that C. oblongapossesses anti-
tussive, anti-diabetic and antimicrobial properties as 
many previous scientific reports have documented 
the beneficial effects of glycosaponins.25

Glutathione-S-transferases (GSTs) are a diverse 
family of Phase II detoxification intracellular 
enzymes. Cytosolic GSTs play a crucial role in 
regulating the mitogen-activated protein (MAP) 
kinase pathway that participates in cell survival 
and death signals. GST is a protective enzyme that 
provides shielding against aldehydes in the brain. 
Reduced levels of GST, glutathione (GSH) and 
increased level of acetylcholinesterase (AChE) may 
participate in the pathogenesis of neuron degeneration 
in dementia.26GSH has a multidimensional role 
in antioxidant defense mechanism. It is a direct 
scavenger of free radicals as well as a co-substrate for 
peroxide detoxification by glutathione peroxidases. 
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FIGURE 1 - H&E stained light photomicrograph of rat brain of Cydonia oblonga extract 

treated groups, 20X magnifications. A: Control brain, A1: Well-formed  normal nuclei, A2: 

blood vessels, B: Streptozotocin (50 mg/ kg BW) treated group, B1: vacuolization, B2: 

pyknotic nuclei, B3: vascular congestion, B4: liquefactive necrosis, C: COM(100 mg/ kg 

BW), D:COM (150 mg/ kg BW), E: COM (200 mg/ kg BW),  F: STZ +COM (100 mg/ kg 

BW), G: STZ +COM (150 mg/ kg BW),H: STZ +COM (200 mg/ kg BW),I: STZ +Vit-C 

(100 mg/ kg BW 
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FIGURE 1 - H&E stained light photomicrograph of rat brain of Cydonia oblonga extract 
treated groups, 20X magnifications. A: Control brain, A1: Well-formed  normal nuclei, A2: 
blood vessels, B: Streptozotocin (50 mg/ kg BW) treated group, B1: vacuolization, B2: 
pyknotic nuclei, B3: vascular congestion, B4: liquefactive necrosis, C: COM(100 mg/ kg 
BW), D:COM (150 mg/ kg BW), E: COM (200 mg/ kg BW),  F: STZ +COM (100 mg/ kg 
BW), G: STZ +COM (150 mg/ kg BW),H: STZ +COM (200 mg/ kg BW),I: STZ +Vit-C 
(100 mg/ kg BW
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GST catalyze the conjugation reaction in the 
presence of GSH, as a result, reduces free radicals 
and ultimately lessens oxidative stress.27

The current study results revealed that GST activity, 
GSH level decreased and acetylcholinesterase level 
in STZ treated group is significantly (p < 0.05) 
increased as compared to the control group. The 
methanolic extract groups of C. oblonga showed 
insignificant changes on these.   The methanolic 
extract administration STZ treated groups of C. 
oblonga considerably (*p < 0.05) reverse the 
activity of GST, GSH & AChE level as compared 
to the STZ treated group. These changes lead to 
protection against memory deficit due to STZ 
induced neurotoxicity. The extract treated groups of 
C. oblonga appreciably (*p <0.05) increased catalase 
(CAT) activity as compared to STZ treated group. 
This effect may result due to the presence of phenols 
which prevent the oxidative stress in the brain by 
scavenging nascent oxygen, H2O2 and superoxide 
species.28 
The methanolic extract groups of C. oblonga showed 
a slight change in MDA level. The methanolic 
extract and STZ concomitant treated groups of C. 
oblonga radically (*p < 0.05) decreased MDA level 
as compared to STZ treated group. MDA is a product 
of the oxidation of unsaturated fatty acid and the 
contents of which could indirectly reflect the extent 
of oxidation of body fat and free radicals generation. 
The flavonoids present in C. oblonga inhibited the 
production of MDA and improved the antioxidant 
potentials of brain tissue. 
The methanolic extract groups of C. oblonga showed 
insignificant change in SOD level. Superoxide 
dismutase (SOD) is essential antioxidant that can 
take away the free oxygen radicals and consequently 
it protects cells. The activity of SOD indirectly 
reflects the ability to eliminate free oxygen radicals.29

Moreover, STZ induces impaired memory and delayed 
learning. The histopathological evaluation showed 
that STZ caused severe degeneration, vacuolization 
of cytoplasm, loss of nuclei, coagulated necrosis 
of brain cells and these results are consistent with 
the previously published studies. The methanolic 
extract alone groups showed histology similar to 
normal brain tissue. The group in which the extract 

was administered parallel to the STZ treated group 
showed marked improvement with moderate to mild 
degeneration, less vacuolization, less pyknotic nuclei 
and congestion. Hence, this research has proved 
the beneficial effects of methanolic extract of the 
C. oblonga in preventing neurotoxicity and future 
studies are warranted to ensure further efficacy and 
safety.30

Conclusion
It is concluded that the methanolic extract of Cydonia 
oblonga protects the brain against streptozotocin-
induced neurotoxicity in a dose-dependent manner. 
The study outcomes have shown that the extract is 
quite helpful to normalize the glucose level with 
marked improvement in the levels of serum and tissue 
enzymes. Moreover, a noticeable improvement in 
cognitive ability and memory was also observed due 
to a decrease in acetylcholinesterase (AChE) activity. 
It is recommended that advance investigations should 
be carried out in order to support the plant use in the 
management of diabetes and its protection against 
oxidative stress-induced neurotoxicity. Further, such 
studies would provide novel insights in drug design 
and development as well. 
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FIGURE 1 - H&E stained light photomicrograph of rat brain of Cydonia oblonga extract 

treated groups, 20X magnifications. A: Control brain, A1: Well-formed  normal nuclei, A2: 

blood vessels, B: Streptozotocin (50 mg/ kg BW) treated group, B1: vacuolization, B2: 

pyknotic nuclei, B3: vascular congestion, B4: liquefactive necrosis, C: COM(100 mg/ kg 

BW), D:COM (150 mg/ kg BW), E: COM (200 mg/ kg BW),  F: STZ +COM (100 mg/ kg 

BW), G: STZ +COM (150 mg/ kg BW),H: STZ +COM (200 mg/ kg BW),I: STZ +Vit-C 

(100 mg/ kg BW 

B 

C D 

A 

E 

A2 
A1 B1 

B2 

B3 
B4 

F G 

H I 



856

Bangladesh Journal of Medical Science Vol. 21 No. 04 October’22

References
1.	 Bystrická J, Musilová J, Lichtnerová H, Lenková 

M, Kovarovič J, Chalas M. The content of total 
polyphenols, ascorbic acid and antioxidant activity in 
selected varieties of quince (Cydonia oblonga Mill.). 
Potravinárstvo: Slovak J Food Sci 2017; 11(1) :77-81.

2.	 Glovaci D, Fan W, Wong ND. Epidemiology of diabetes 
mellitus and cardiovascular disease. Curr Cardiol Rep 
2019; 21(4): 1-8. https://doi.org/10.1007/s11886-019-
1107-y

3.	 Memon B, Abdelalim EM. Stem cell therapy for 
diabetes: Beta cells versus pancreatic progenitors. Cells 
2020; 9(2): 283.https://doi.org/10.3390/cells9020283

4.	 Rosyid FN, Prasetyo TA, Prabawati CY, HS KH. The 
Effect of Bitter Melon (Momordica charantia L.) Leaves 
Extractonon Glycated Albumin in Diabetic Foot Ulcers: 
Randomized Controlled Trial. Bangladesh J Med 
Sci 2021;20(2):281-7.https://doi.org/10.3329/bjms.
v20i2.51536

5.	 Liaquat L, Sadir S, Batool Z, Tabassum S, Shahzad S, 
Afzal A, Haider S. Acute aluminum chloride toxicity 
revisited: Study on DNA damage and histopathological, 
biochemical and neurochemical alterations in rat brain. 
Life Sci 2019; 217: 202-11.https://doi.org/10.1016/j.
lfs.2018.12.009

6.	 Dzydzan O, Bila I, Kucharska AZ, Brodyak I, Sybirna 
N. Antidiabetic effects of extracts of red and yellow 
fruits of cornelian cherries (Cornus mas L.) on rats 
with streptozotocin-induced diabetes mellitus. Food 
Funct 2019; 10(10): 6459-72.https://doi.org/10.1039/
C9FO00515C

7.	 Chang CC, Yang MH, Wen HM, Chern JC. Estimation of 
total flavonoid content in propolis by two complementary 
colorimetric methods. J Food Drug Anal 2002; 10(3): 
178-182. https://doi.org/10.38212/2224-6614.2748

8.	 Slinkard K, Singleton VL. Total phenol analysis: 
automation and comparison with manual methods. Ame 
J Enol Vitic 1977; 28(1): 49-55. 

9.	 Al-Hooti S, Sidhu S, Gabazard H. Chemical composition 
of seeds of date fruit cultivars of United Arab Emirates. J 
Food Sci Technol 1998; 35(1): 44-46.

10.	 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. 
Protein measurement with the Folin phenol reagent. J 
Biol chem 1951; 193(1): 265-71.

11.	 Hussain K, Ismail Z, Sadikun A, Ibrahim P. Analysis 
of proteins, polysaccharides, glycosaponins contents of 
Piper sarmentosum Roxb. and anti-TB evaluation for 
bio- enhancing/interaction effects of leaf extracts with 
Isoniazid (INH). Nat Prod Rad 2008; 7(5): 402- 408. 

12.	 Alam MK, Rana ZH, Islam SN, Akhtaruzzaman M. 

Comparative assessment of nutritional composition, 
polyphenol profile, antidiabetic and antioxidative 
properties of selected edible wild plant species of 
Bangladesh. Food Chem 2020;320:126646.https://doi.
org/10.1016/j.foodchem.2020.126646

13.	 Anwar R, Hussin HA, Ismail S, Mansor MS. In vitro 
effect of mitragynine on activity of drug metabolizing 
enzymes, n-demethylase and glutathione s-transferase in 
streptozotocin-induced diabetic rats.  Pharmacol 2012; 
1: 68-75.

14.	 Sedlak J, Lindsay RH. Estimation of total, protein-
bound, and nonprotein sulfhydryl groups in tissue with 
Ellman’s reagent. Anal Biochem 1968; 25: 192-205. 

15.	 Sinha AK. Colorimetric assay of catalase. Anal Biochem 
1972; 47(2): 389-394. https://doi.org/10.1016/0003-
2697(72)90132-7

16.	 Magnani L, Gaydou EM, Hubaud JC. Spectrophotometric 
measurement of antioxidant properties of flavones and 
flavonols against superoxide anion. Analytica Chimica 
Acta 2000; 411(1-2): 209-216. https://doi.org/10.1016/
S0003-2670(00)00717-0

17.	 Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides 
in animal tissues by thiobarbituric acid reaction. 
Anal Biochem 1979; 95(2): 351-358. https://doi.
org/10.1016/0003-2697(79)90738-3

18.	 Mushtaq A., Anwar R, Ahmad, M. Lavandula stoechas 
(L) a Very Potent Antioxidant Attenuates Dementia 
in Scopolamine Induced Memory Deficit Mice. 
Front. in pharmacol, 2018; 9: 1375. https://dx.doi.
org/10.3389%2Ffphar.2018.01375

19.	 Thenmozhi AJ, Raja TR, Janakiraman U, Manivasagam 
T. Neuroprotective effect of hesperidin on aluminium 
chloride induced Alzheimer’s disease in Wistar rats. 
Neurochem Res 2015; 40(4): 767-76.https://doi.
org/10.1007/s11064-015-1525-1

20.	 Caletti G, Herrmann AP, Pulcinelli RR, Steffens L, 
Morás AM, Vianna P, Chies JA, Moura DJ, Barros HM, 
Gomez R.   Taurine counteracts the neurotoxic effects 
of streptozotocin-induced diabetes in rats. Amino Acids 
2018; 50(1): 95-104.https://doi.org/10.1007/s00726-
017-2495-1

21.	 El-Dahiyat F, Rashrash M, Abuhamdah S, Rana AF, 
Babar ZUD, Herbal medicines: a cross-sectional study 
to evaluate the prevalence and predictors of use among 
Jordanian adults. J Pharm Pol Pract 2020; 13(1):2. 
https://doi.org/10.1186/s40545-019-0200-3

22.	 Latif A, Ashiq K, Qayyum M, Ashiq S, Ali E, Anwer 
I. Phytochemical and pharmacological profile of the 
medicinal herb: bryophyllum pinnatum. J Anim Plant 
Sci 2019; 29(6): 1528-34.



857

Bangladesh Journal of Medical Science Vol. 21 No. 04 October’22

23.	 Imran H, Sohail T, ur Rehman A, Iqbal W, Fatima N, 
Shakir M. A comparative study of four indigenous 
medicinal plants of Pakistan against some oral pathogens. 
Bangladesh J Med Sci 2020;19(2):284-90.https://doi.
org/10.3329/bjms.v19i2.45009

24.	 Anwar R, Sultan R, Batool F. Ameliorating effect of 
Berberis lycium root bark extracts against cisplatin-
induced nephropathy in rat.  Bangladesh J Pharmacol 
2018; 13(3): 248-254. https://doi.org/10.3329/bjp.
v13i3.36705

25.	 Latif A, Ashiq K, Ashiq S, Ali E, Anwer I, Qamar S. 
Phytochemical analysis and in vitro investigation of anti-
inflammatory and xanthine oxidase inhibition potential 
of root extracts of Bryophyllum pinnatum. J Anim 
Plant Sci 2020; 30(1): 219-28.https://doi.org/10.36899/
JAPS.2020.1.0025

26.	 Almeida F, Nunes B. Effects of acetaminophen in 
oxidative stress and neurotoxicity biomarkers of the 
gastropod Phorcus lineatus. Environ  Sci Pollut Res 
2019; 26(10): 9823-31.https://doi.org/10.1007/s11356-
019-04349-1

27.	 Oliveira JS, Abdalla FH, Dornelles GL, Palma TV, Signor 
C, da Silva Bernardi J, Baldissarelli J, Lenz LS, de Oliveira 
VA, Schetinger MR, Morsch VM. Neuroprotective 

effects of berberine on recognition memory impairment, 
oxidative stress, and damage to the purinergic system 
in rats submitted to intracerebroventricular injection of 
streptozotocin. Psychopharmacol 2019; 236(2): 641-55.
https://doi.org/10.1007/s00213-018-5090-6

28.	 Ebokaiwe AP, Okori S, Nwankwo JO, Ejike CE, Osawe 
SO. Selenium nanoparticles and metformin ameliorate 
streptozotocin-instigated brain oxidative-inflammatory 
stress and neurobehavioral alterations in rats. Naunyn-
schmiedeberg’s Arch Pharmacol 2020; 16: 1-2.https://
doi.org/10.1007/s00210-020-02000-2

29.	 Zhao W, Yuan Y, Zhao H, Han Y, Chen X. Aqueous 
extract of Salvia miltiorrhiza Bunge-Radix Puerariae 
herb pair ameliorates diabetic vascular injury by 
inhibiting oxidative stress in streptozotocin-induced 
diabetic rats. Food Chem Toxicol 2019; 129: 97-107. 
https://doi.org/10.1016/j.fct.2019.04.018

30.	 Saad FA. The influence of Zingiber officinale Roscoe 
on the histological changes of soft palatal mucosa 
in streptozotocin-induced type 3 diabetes rat model. 
Egyptian J Histol 2020; 43(2): 645-62.https://dx.doi.
org/10.21608/ejh.2019.18695.1190


