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Abstract
Pumpkin seeds (Cucurbita maxima) are medicinally useful. It has pharmacological activities such as anti-diabetic, anti-fungal, anti-bacterial, 

anti-inflammation activities, antioxidant effects. The in vitro antioxidant capacity of the processed pumpkin seed flour was investigated. In addition, 
the acute toxicological assay was carried out by grouping experimental male rats (150 - 200 g) into four groups (n=5). Each of the groups were fed 
with each of the processed samples (100%) respectively, except control that was fed normal rat chow for two weeks. The cardioprotective property 
of the processed sample was further investigated. The experimental animals were divided into nine groups (n=5) each and at the end of two weeks, 
the heart, liver, and blood were obtained for biochemical parameters. Fermented C. maxima seed flour exhibited the highest antioxidant properties. 
The acute toxicological result revealed that processed seeds flour caused significant alteration in the activities/levels of serum biochemical 
indices and the antioxidant parameters in the heart and liver as compared with the control. In addition, the cardioprotective study revealed that 
doxorubicin intoxication caused significant alterations in the cardiac serum biochemical indices, lipid profile, electrolytes, and cardiac antioxidant 
parameters Also, doxorubicin caused a dose-dependent elevation in the atherogenic indices. However, pretreatment with processed C. maxima seed 
flour significantly prevented most of these derangement in a comparable manner to that of induced group. This study revealed that processed C. 
maxima seed flour especially fermented sample at 60% diet supplement offered protection against doxorubicin-induced cardiotoxicity probably via 
antioxidative and antihyperlipidemic mechanisms.
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Introduction
Cardiovascular diseases (CVD) are major cause of disability and 

premature death throughout the world and accounts for a large 
proportion of global deaths from all causes. An estimated 17.9 mil-
lion people died from cardiovascular diseases in 2016, represent-
ing 31% of all global deaths. Of these deaths, 85% were due to heart 
attacks and stroke [1]. According to the World Health Organization, 
cardiovascular diseases include coronary heart disease (heart at-
tacks), cerebrovascular disease, raised blood pressure (hyperten 

 
sion), peripheral artery disease, rheumatic heart disease, congeni-
tal heart disease and heart failure [1]. Generation of free radicals in 
the body beyond its antioxidant capacity leads to oxidative stress 
which has been implicated in the etiology or exacerbation of many 
diseases including cardiovascular disease [2]. Management of car-
diovascular- related disorders among poor populace in Nigeria has 
remained unaffordable, due to high cost of cardioprotective drugs 
and inaccessible health care [3]. In general, cardioprotective drugs 
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have toxic side effect [4]. Doxorubicin is an anthracycline antibiotic 
used in treatment of cancers (acute leukemia, sarcomas, and malig-
nant lymphoma, breast cancer and ovarian cancer) [5]. However, 
this drug has been used overtime as cardiotoxicity agent [6], due to 
its dose-dependent chronic cardiotoxicity that is characterized by 
an irreversible dilated cardiomyopathy and congestive heart failure 
[7].

The cardioprotective ability of various medicinal plants and 
their products have been reported [8]. Pumpkin (Cucurbita maxi-
ma) is gaining popularity among modern physicians and its seeds 
and oil are already packaged as over the counter supplements 
(pumpkin seed softgel capsules, pumpkin seed protein supplement 
and pumpkin seed oil press) in developed countries in the man-
agement of various diseases such as (benign prostate hyperplasia, 
vision problems, heart failure and high blood pressure) [9,10]. Due 
to poor management of cardiovascular related disorders among the 
poor, there is need to source for a cheaper, accessible, and edible 
drug or supplement. Hence, this study seeks to evaluate the effects 
of processed pumpkin seed on some biomarkers using albino rats.

Material and Method
Doxorubicin (DOX) and Ramipril, a product of Sigma phar-

maceuticals, China, and Lupin Pharmaceuticals, India, aspartate 
transaminase (AST), alanine transaminase (ALT), lactate dehydro-
genase (LDH), creatine kinase (CK) and lipid profile assay kits were 
obtained from Randox laboratories, UK. Albumin and electrolyte 
kits (potassium and sodium) were obtained from Teco Diagnostics, 
USA. All other chemicals used were of the highest grade commer-
cially available.

Plant material

The pumpkin (Cucurbita maxima) used for this study was plant-
ed at Federal University of Technology, Akure farm, Nigeria around 
May 2017. Mature fruits were harvested and brought to the labora-
tory for further processing.

Ethics statement

Ethical Committee of School of Agriculture and Agricultur-
al Technology, Federal University of Technology, Akure, Nigeria 
(FUTA/SAAT/2019/011) approved the study protocol. The exper-
iment on the animals were conducted in accordance with the Code 
of Ethics of the World Medical Association.

Experimental animals

Healthy adult albino rats (Wistar strain) weighing between 150 
- 200 g were purchased from the Central Animal House of Universi-
ty of Ibadan, Nigeria

Preparation of processed pumpkin seed flour

Fermented Cucurbita maxima seed flour: Fermented pump-
kin seed flour was prepared using the method described by [11] 
with slight modification. The seeds were sorted and boiled for 20 
mins, drained, wrapped with blanched banana leaves, allowed to 

ferment for five days at room temperature, dried, milled and sieved 
to obtained fine flour.

Germinated Cucurbita maxima seed flour: Germination was 
carried out by the method described by [12]. The pumpkin seeds 
after been sorted from its fruit was soaked in water for 12 h over-
night. The water was drained off, the steeped pumpkin seed were 
spread on moistened jute bag and covered to germinate at room 
temperature for 3 days with regular wetting and turning of seeds. 
After sprouting, the seeds were dried in an oven (Model No. DHG- 
9101.ISA) at 60 oC for 4 h. The sprouts were removed from the 
dried seeds, milled into flour, sieved, kept in airtight container and 
labeled.

Roasted Cucurbita maxima seed flour: The production of 
roasted pumpkin seed flour was done according to the method de-
scribed by [13] with slight modification. Pumpkin seeds were man-
ually removed from the fruit, washed, boiled with salt for 10 mins, 
air dried and roasted in an earthen pot with coarse sand (which was 
properly washed and sun-dried before use). The roasted pumpkin 
seed was allowed to cool, milled into flour, sieved, and then stored 
in a tight jar container for various analyses.

Antioxidant properties of processed Cucurbita maxima 
seed flour

Determination of total phenol content: Total phenol content 
(TPC) was determined by Folin–Ciocalteu assay according to [14] 
using gallic acid as a standard. Fifty microliters of the aqueous ex-
tract solution containing 0.5mg of aqueous extract was dispensed 
into a test tube, 50 µl of distilled water and 500 µl of Folin–Ciocalteu 
reagent was added respectively and shaken thoroughly. After 3 min, 
400µl of 7.5% sodium carbonate solution was added and the mix-
ture was incubated at 45 0C in a water bath for 40 min. Absorbance 
was measured at 765nm against blank. The same procedure was 
repeated to all standard tannic acid solution (0.1mg/ml). The blank 
is a mixture of 100 µl of distilled water, 500 µl of Folin–Ciocalteu 
reagent and 400 µl of 7.5% sodium carbonate.

Determination of total flavonoid content: Total flavonoid 
content was determined by aluminum chloride colorimetric assay 
with slight modification according to [15] About 500 µl of methanol 
was added to 10 ml flask containing 500µl of aqueous extract. To 
this 50 µl, 10% AlCl3 and 50 µl of 1M CH3COOH was added respec-
tively. The total volume was made up to 2500 µl with distilled water. 
The solution was then incubated at room temperature for 30 min. 
Absorbance was read against blank at 415nm with spectrophotom-
eter.

Determination of vitamin C concentration: Ascorbic acid 
was analyzed by the modified spectrophotometric method as de-
scribed by [16]. Seventy-five microlitres of dinitrophenylhydrazine 
was dispensed into a test tube, 300 µl of sample aqueous extract, 
100 µl of distilled water and 100 µl 13% trichloroacetic acid was 
added into the test tube respectively and the mixture was incubat-
ed at 37 0C for 3 h. After 3 h, 500 µl of 65% H2SO4 was added, and 
the absorbance of the mixture was read against blank at 520 nm. 
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The same procedure was repeated for the standard, but sample ex-
tract was replaced with vitamin C. The blank is a mixture of 75µl of 
DNPH, 400 µl of distilled water, 100 µl 13% TCA and 500 µl of 65% 
H2SO4. The ascorbic acid content was expressed as ascorbic acid 
equivalent (AAE) per gram of sample (mg of AAE/g sample).

Determination of ferric reducing antioxidant power 
(FRAP): The reducing property of the extract was determined by 
[17] method. About 0.25 ml of the extract was mixed with 0.25 ml 
of 200 m M of Sodium phosphate buffer pH 6.6 and 0.25 ml of 1 % 
Potassium Ferroyanide (KFC). The mixture was incubated at 50 0C 
for 20 min, there after 0.25 ml of 10 % Trichloroacetic acid (TCA) 
was also added and centrifuged at 2000 rpm for 10 min. One ml of 
the supernatant was mixed with 1 ml of distilled water and 0.1 % of 
FeCl3 and the absorbance was measured at 700 nm. 

Determination of 2, 2-Diphenyl-picryl-hydrazyl (DPPH) 
radical scavenging ability: The ability of the pumpkin seed ex-
tract to scavenge DPPH free radical was carried out according to the 
method described by [18]. Twenty microlitre, 40 µl, 60 µl and 80 µl 
of the aqueous extract (containing 2mg, 4mg, 6mg and 8mg of the 
sample respectively) was dispensed into test tubes and made up to 
580µl with distilled water followed by addition of 600 µl of DPPH 
in methanol and incubated in the dark at room temperature for 
15 min. After incubation period, the absorbance was read against 
blank at 517 nm. 

Determination of 2,2-azinobis(3-ethylbenzo-thiazo-
line-6-sulfonate) (ABTS*) scavenging ability: The (ABTS) scav-
enging ability of the extract sample was assayed on the basis of a 
protocol as represented by [19]. Hundred microlitre of the extract 
solution containing 2.0 mg sample was dispensed into test tubes, 
made up to 200 µl with distilled water after which 1800 µl of ABTS 
solution was added and the mixture was incubated at room tem-
perature in the dark for 15 min. The extract ability to scavenge the 
radical was determined spectrophotometrically by an absorbance 
measurement against distilled water as blank, at a wavelength of 
734 nm. 

Animal handling and treatment

The animals were housed in the primate colony of the Depart-
ment of Biochemistry, Federal University of Technology, Akure, Ni-
geria. The animals were kept in wire mesh cages under controlled 
light cycle (12h light/12h dark), fed with commercial rat chow (Vi-
tal Feeds Nigeria Limited) ad libitum, and liberally supplied with 
water. 

Acute toxicological assay

Experimental rats were divided into four groups (I-IV) of five 
animals each. Group 1 served as control while groups 2-4 were fed 
100% of germinated, fermented, and roasted C. maxma seed flour, 
respectively for two weeks. Animals were sacrificed 24 h after the 
last feeding, the blood was collected through cardiac puncture into 
a plain bottle. The blood was centrifuged at 3000rpm for 5 minutes 
to obtain serum. Heart and liver tissues were harvested, blotted, 

rinsed in 1.15% KCl and homogenized in aqueous Tris-HCl buffer 
(50 mM, pH 7.4). Homogenates were centrifuged at 10,000 g for 20 
min at -4 °C to obtain the supernatant which were used for analy-
ses. The supernatant and serum obtained were stored at -20°C for 
various biochemical analyses.

Biochemical assay

Determination of total protein concentration: Serum 
(0.1ml) was dissolved in 3.9 ml of 0.9% saline to give a 1 in 40 dilu-
tion. Exactly 3 ml of Biuret reagent was added to 2 ml of the diluted 
sample. The mixture was left at room temperature for 30 minutes 
after which the absorbance was read at 540 nm [20].

Serum parameters 

The levels of uric acid, urea, aspartate transaminase and alanine 
transaminase were estimated in serum using assay kits according 
to the instructions of the manufacturer.

Antioxidant assay

Lipid peroxidation: Lipid peroxidation was determined by 
measuring the formation of thiobarbituric acid reactive substances 
(TBARS) according to the method of [21]. An aliquot of 0.4 ml of 
the tissue was mixed with 1.6 ml of Tris-KCl buffer to which 0.5 ml 
of 30% TCA was added. Then 0.5 ml of 0.75% TBA was added and 
placed in a water bath for 45 minutes at 80oC. This was then cooled 
in ice and centrifuged at 3000 g The clear supernatant was collect-
ed and absorbance measured against a reference blank of distilled 
water at 532 nm. Lipid peroxidation in units/mg protein or gram 
tissue was computed with a molar extinction coefficient of 1.56 x 
105 M-1Cm-1.

Estimation of reduced glutathione (GSH) level: The method 
of [22] was followed in estimating the level of reduced glutathione 
(GSH). 1ml of supernatant was precipitated with 5% sulphosalicyl-
ic acid (1.5 ml) by gentle mixing and allowed to stand for 5 min 
before filtering. Thereafter, 0.5 ml of filtrate was added to 2 ml of 
0.1M phosphate buffer (pH 7.4) followed by Ellman’s reagent (0.25 
ml). A blank was prepared with2 ml buffer, 0.5 ml of diluted precip-
itating solution (3 parts to 2 parts of distilled water) and 0.25 ml 
of Ellman’s reagent. The optical density was measured at 412nm. 
GSH was proportional to the absorbance at that wavelength and the 
estimate was obtained from a GSH standard curve.

Determination of Lee index

Lee index was calculated according to [23] Bernardis (1970) 
using this formula.

Cardioprotective study

The experimental animals were divided into nine groups of five 
animals each. The treatment was carried out as shown below. 
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Group I: Fed with standard rodent chow only (negative con-
trol)

Group II: Fed with standard rodent chow + 15 mg/kg DOX 
(induced group) 

Group III: Fed with 30% germinated C. maxma seed flour + 15 
mg/kg DOX 

Group IV: Fed with 60% germinated C. maxma seed flour + 15 
mg/kg DOX 

Group V: Fed with 30% fermented C. maxma seed flour + 15 
mg/kg DOX 

Group VI: Fed with 60% fermented C. maxma seed flour + 15 
mg/kg DOX 

Group VII: Fed with 30% roasted C. maxma seed flour + 15 
mg/kg DOX

Group VII: Fed with 60% roasted C. maxma seed flour + 15 
mg/kg DOX

Group IX: Fed with standard rodent chow + 10 mg/kg ramipril 

All the groups were fed appropriately on daily basis and were 
later challenged with single intraperitoneal dose of doxorubicin (15 
mg/kg b.wt.) on the 13th day except the negative control which was 
administered the vehicle (normal saline 0.9%) intraperitoneally. 
Animals were sacrificed 24 h after doxorubicin/vehicle adminis-
tration. The supernatant and serum used for various biochemical 
analyses were obtained as discussed in section 2.7.

Serum parameters 

The activities of aspartate transaminase and alanine transami-
nase were analysed as reported in section 2.7.1.2. Lactate dehydro-
genase and creatine kinase activities, potassium and sodium ions, 
albumin level were estimated in serum according to the instruc-
tions of the manufacturer using assay kits from Randox laborato-
ries, UK.

Lipid profile 

Total cholesterol, triglyceride and high density lipoprotein were 
determined according to the instructions of the manufacturer using 
assay kits from Randox laboratories, UK. Serum very low density 
lipoprotein and low density lipoprotein were calculated according 
to [24] and [25] formulas respectively. 

VLDL = very low density lipoprotein, TG = triglyceride, LDL = 
low density lipoprotein, TC = total cholesterol, HDL = high density 
lipoprotein

Antioxidant assay

Determination of superoxide dismutase (SOD) activity: The 
activity profile of SOD in the homogenates was determined by the 

method of [26] Briefly, an aliquot of the diluted sample was added 
to 2.5 ml of 0.05M carbonate buffer (pH 10.2) to equilibrate in the 
spectrophotometer and the reaction started by the addition of 0.3 
ml of freshly prepared 0.3 mM adrenaline to the mixture which was 
quickly mixed by inversion. The reference cuvette contained 2.5 ml 
buffer, 0.3 ml of substrate (adrenaline) and 0.2ml of water. The in-
crease in absorbance at 480nm was monitored every 30 seconds 
for 150 seconds. 1 unit of SOD activity was given as the amount of 
SOD necessary to cause 50% inhibition of the oxidation of adrena-
line to adrenochrome for 1 minute.

Determination of reduced glutathione concentration and 
extent of lipid peroxidation: Reduced glutathione and lipid per-
oxidation assays were carried out as reported in section 2.7.2.

Determination of atherogenic index

Atherogenic index was measured with formula according to 
[27].

 

Where AI = Atherogenic index, TC = Total cholesterol, HDL = 
High density lipoprotein

Statistical analysis 

Results were analysed using appropriate analysis of variance 
(ANOVA) followed by Duncan multiple range tests. In all the tests, 
p<0.05 was taken as criterion for statistical significance. The statis-
tical software used to analyze the data was GraphPad Prism 6.01 
(GraphPad Software Inc., CA, USA).

Result
The antioxidant properties of pumpkin seed flour is presented 

in (Table 1). Cucurbita maxima seed flour exhibited a good antioxi-
dant property with fermented sample having the highest in respect 
to DPPH (56.75%), ABTS (22.57mmol/g), vitamin C (11.60 mg 
AEE/100g) and total flavonoid (1.15 mg QE/g). (Table 2) shows the 
results of the acute toxicological effect of processed C. maxima seed 
flour on the serum biochemical parameters. There were increase 
in the activities/levels of alanine transaminase (8.98 U/L - 25.65 
U/L), aspartate transaminase (5.38 U/L - 59.11 U/L), total protein 
(33.44 mg/dl - 53.63 mg/gl), uric acid (7.02 mg/dl - 35.16 mg/
dl) and urea (21.91 mg/dl - 46.91 mg/dl) and compared well with 
the control group with the exception of germinated sample. From 
(Table 3), concentrations of MDA, GSH in heart and liver was ob-
served to also compare well with the control group. Data in (Figure 
1) showed the Lee index (0.14 - 0.18) of the experimental rats with 
no significant difference. Processed C. maxima seed treated groups 
III - IX showed a significant (p<0.001) decrease in the level of serum 
marker enzymes and increase in the albumin level when compared 
with DOX-toxified rats (Table 4). Changes in lipid profile due to drug 
effect and its control by processed C. maxima seed is presented in 
(Table 5). Significant decrease in serum HDL and concomitant in-
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crease in serum TC, LDL, VLDL and TAG levels in doxorubicin intoxi-
cated rats were observed. The results showed processed C. maxima 
seed flour compared well with the induced group in reversing the 
alterations caused by doxorubicin in serum lipid profile of Wistar 
rats. Doxorubicin administration produced significant elevation in 
MDA concentration and reduction in cardiac activities of GSH and 
SOD as compared with the pretreated groups. Doxorubicin toxicity 
in rats resulted in oxidative stress as evidenced by the reduction in 
myocardial antioxidant enzyme activities (Table 6). These anoma-
lies were prevented upon pretreatment with processed C. maxima 
seed flour which restored the altered levels of antioxidant indices to 
normal control values. Rats that were administered with DOX alone 

showed a significant (p< 0.001) decrease and increase in the potas-
sium ion and sodium ion levels as compared to the normal control 
and pretreated rats (Table 7). Pretreatment with processed C. max-
ima seed flour samples were able to restore the altered levels of 
the electrolytes to normal control values. The effect of processed C. 
maxima seed flour on the biochemical and cardiac antioxidant pa-
rameters of doxorubicin-toxified rats (Tables 4-7) suggests a dose 
influence with the highest protective effect at 60% of fermented C. 
maxima seed flour. Processed C. maxima seed treated groups III - 
IX revealed reduction in the level of atherogenic index when com-
pared with DOX alone intoxicated rats (Figure 2).

Table 1: Antioxidant properties of processed Cucurbita maxima seed flour.

Samples Raw pumpkin seed flour Fermented pumpkin seed 
flour

Germinated pumpkin seed 
flour Roasted pumpkin seed flour

Total phenol 
0.97±0.00d 1.03±0.00c 1.95±0.01a 1.08±0.00b

(mg GAE/g)

Total flavonoid 
0.21±0.01b 1.15±0.01a 0.37±0.01b 0.17±0.00d

(mg QE/g)

Vitamin C 
9.52±0.06b 11.60±0.03a 11.56±0.01a 6.70±0.09c

(mg AEE/100g)

FRAP (mg/g) 42.85±0.18d 50.59±0.04b 59.03±0.18a 48.80±0.34c

DPPH (%) 41.98±0.25c 56.75±1.04a 6.48±0.25d 49.79±0.45b

ABTS (mmol/g) 21.88±0.13b 22.57±0.23a 16.01±0.20d 21.64±0.13c

Means of triplicate determinations ± S.D. Means with different superscripts on the same row are significantly different at p<0.05

Table 2: Acute toxicological effect of processed pumpkin seed flour on the serum biochemical indices of Wistar rats.

Groups Alanine 
transaminase (U/L)

Aspartate 
transaminase (U/L)

Total protein 
 (mg/gl)

Uric acid 
(mg/dl)

Urea 
(mg/dl)

Control 8.98±0.57 5.38±2.38 43.51±0.28 7.02±0.64 21.91±0.46

Germinated 25.65±1.55*** 59.11±1.10*** 33.44±0.12*** 27.33±0.64*** 46.91±0.19***

Fermented 13.92±3.29* 19.86±2.88*** 53.63±0.07*** 19.57±0.64*** 42.60±0.75***

Roasted 10.27±0.98 10.58±2.59 50.87±0.30** 35.16±0.64*** 44.94±0.94***

Results are expressed as Mean ± SD(n=5). ###p<0.001 vs control, *p<0.1, **P<0.01, ***p<0.001 vs DOX (15 mg/kg)

Table 3: Acute toxicological effect of processed pumpkin seed flour on some antioxidant parameters in Wistar rats.

 MDA Concentration (µM/ mg protein) GSH (mMol.mg protein)

Groups Heart Liver Heart Liver

Control 5.90±0.49 5.06±0.08 29.37±0.53 22.94±0.64

Germinated 11.03±0.86*** 7.24±0.30*** 24.81±0.00*** 16.57±0.31***

Fermented 5.84±0.61 4.88±0.16 28.59±0.51 21.46±0.27*

Roasted 7.58±0.55* 5.52±0.15* 26.17±1.80*** 20.60±0.91***

Results are expressed as Mean ± SD(n=5). ###p<0.001 vs control, *p<0.1, **p<0.01, ***p<0.001 vs DOX (15 mg/kg)

Table 4: Effect of processed pumpkin seed flour on the serum biochemical indices of doxorubicin intoxicated Wistar rats.

Groups Aspartate transaminase 
(U/L)

Alanine transaminase 
(U/L) Albumin (g/l) Lactate dehydroge-

nase (U/L)
Creatine kinase 

(U/L)

Control 43.75 ± 1.44 35.07 ± 0.02 49.15 ± 1.08 1554.24 ± 45.79 565.30±9.54

DOX (15mg/kg) 70.26 ± 5.77### 44.12 ± 0.04### 37.64 ± 1.62### 1906.10±103.03### 944.42±19.08###

DOX + GPSF (30%) 68.05 ± 0.36*** 41.45 ±0.03*** 40.34 ± 4.08 1689.16 ± 11.45** 859.42±40.07***

DOX + GPSF (60%) 62.45 ± 2.88*** 43.36 ±0.04*** 42.29 ± 1.13 1594.18±50.37*** 752.84±11.45***

DOX + FPSF (30%) 51.40 ± 1.80*** 37.68 ±0.01*** 42.72 ± 2.17 1493.80±132.80*** 751.49±36.25***
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DOX + FPSF (60%) 42.90 ± 0.72*** 34.78 ±0.01*** 51.16 ±3.76*** 1315.71±82.42*** 568.00±24.80***

DOX + RPSF (30%) 55.48 ± 0.36*** 39.07 ±0.01*** 42.21 ± 4.12 1713.98 ± 9.16** 812.20±11.45***

DOX + RPSF (60%) 49.87 ± 0.72*** 37.15 ±0.04*** 47.76 ±1.34*** 1495.96±16.03*** 605.78±28.62***

DOX + RAM 
(10mg/kg) 42.73 ± 0.72*** 34.83 ±0.02*** 49.44± 1.08*** 1508.91 ± 22.90*** 547.76±3.82***

Results are expressed as Mean ± SD(n=5). ###p<0.001 vs control, *p<0.1, **p<0.01, ***p<0.001 vs DOX (15 mg/kg) 
RPSF: raw pumpkin seed flour, FPSF: fermented pumpkin seed flour; GPSF: germinated pumpkin seed flour; ROPSF: roasted pumpkin seed flour, 

DOX: doxorubincin, RAM: ramipril

Table 5: Effect of processed pumpkin seed flour on the serum lipid profile of doxorubicin intoxicated Wistar rats.

Groups Total cholester-
ol (mg/dl)

Triglyceride 
(mg/dl)

High density lipoprotein 
(mg/dl)

 Low density lipopro-
tein (mg/dl)

Very low density lipoprotein 
(mg/dl)

Control 100.83±5.83 76.25±5.26 57.29±4.86 28.29±16.33 15.25±0.26

DOX (15 mg/
kg) 149.88±4.96### 158.71±3.95### 29.79±3.97### 88.34±11.58### 31.74±0.79###

DOX + GPSF 
(30%) 126.96±17.50* 156.22±6.58*** 37.58±2.26** 58.13±19.19* 31.25±0.00

DOX + GPSF 
(60%) 117.33±5.83*** 120.27±7.89*** 46.75±0.79*** 46.53±21.12*** 24.05±0.47***

DOX + FPSF 
(30%) 116.42±9.16*** 86.79±8.97*** 40.56±1.46*** 58.50±11.67* 17.36±0.18***

DOX + FPSF 
(60%) 107.71±3.24*** 73.77±5.37*** 55.00±1.95 37.96±10.46*** 14.76±0.36***

DOX + RPSF 
(30%) 120.08±4.86*** 102.91±3.95*** 40.79±1.95*** 58.71±8.99* 20.58±0.79***

DOX + RPSF 
(60%) 113.21±8.29*** 81.21±5.70*** 54.54±0.97 42.43±10.58*** 16.24±0.68***

DOX + RAM (10 
mg/ kg) 96.25±5.83*** 75.01±6.14*** 59.13±0.97 15.00±0.61*** 15.00±0.61***

Results are expressed as Mean ± SD(n=5). ###p<0.001 vs control, *p<0.1, **p<0.01, ***p<0.001 vs DOX (15 mg/kg) 
RPSF: raw pumpkin seed flour, FPSF: fermented pumpkin seed flour; GPSF: germinated pumpkin seed flour; ROPSF: roasted pumpkin seed flour, 

DOX: doxorubicin, RAM: ramipril.
Table 6: Effect of processed pumpkin seed flour on the cardiac antioxidant parameters of doxorubicin intoxicated rats.

Groups MDA concentration (µM/ mg protein) GSH (mMol.mg protein) SOD (U/mg protein)

Control 8.45 ± 0.05 19.93 ± 0.46 2.12 ± 0.00

DOX (15 mg/kg) 13.06 ± 0.10### 9.30 ± 0.63### 1.36 ± 0.17###

DOX + GPSF (30%) 10.00 ± 0.05*** 10.55 ± 0.51 1.75 ± 0.00***

DOX + GPSF (60%) 8.62 ± 0.16*** 17.83 ± 0.39*** 1.87 ± 0.00***

DOX + FPSF (30%) 9.28 ± 0.10*** 13.02 ± 0.88*** 1.74 ± 0.00***

DOX + FPSF (60%) 8.35 ± 0.16*** 21.05 ± 0.64*** 2.65 ± 0.00***

DOX + RPSF (30%) 9.62 ± 0.10*** 11.25 ± 0.97* 2.30 ±0.00***

DOX + RPSF (60%) 8.75 ± 0.10*** 19.16 ± 1.31*** 2.44 ± 0.00***

DOX + RAM (10 mg/ kg) 8.22 ± 0.17*** 22.86 ± 0.46*** 2.97 ± 0.17***

Results are expressed as Mean ± SD(n=5). ###p<0.001 vs control, *p<0.1, **p<0.01, ***p<0.001 vs DOX (15 mg/kg) 
RPSF: raw pumpkin seed flour, FPSF: fermented pumpkin seed flour; GPSF: germinated pumpkin seed flour; ROPSF: roasted pumpkin seed flour, 

DOX: doxorubincin, RAM: ramipril
Table 7: Effect of processed pumpkin seed flour on the cardiac serum electrolytes of doxorubicin intoxicated Wistar rats.

Groups Potassium (mEq/l) Sodium (mEq/l)

Control 4.55 ± 0.22 37.43 ± 0.57

DOX (15 mg/kg) 3.04 ± 0.28### 79.31 ± 3.46###

DOX + GPSF (30%) 3.10 ± 0.24 70.70 ± 0.72***

DOX + GPSF (60%) 3.88 ± 0.20* 66.34 ± 0.98***
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DOX + FPSF (30%) 3.84 ± 0.19* 64.89 ± 2.04***

DOX + FPSF (60%) 4.56 ± 0.10*** 42.33 ± 0.83***

DOX + RPSF (30%) 3.61 ± 0.37 67.52 ± 0.39***

DOX + RPSF (60%) 4.31 ± 0.64** 50.03 ± 0.72***

DOX + RAM (10 mg/ kg) 4.51 ± 0.61*** 39.97 ± 2.59***

Results are expressed as Mean ± SD(n=5). ###p<0.001 vs control, *p<0.1, **p<0.01, ***p<0.001 vs DOX (15 mg/kg)
RPSF: raw pumpkin seed flour, FPSF: fermented pumpkin seed flour; GPSF: germinated pumpkin seed flour; ROPSF: roasted pumpkin seed flour, 

DOX: doxorubincin, RAM: ramipril

Figure 1: Lee index of Wistar rats on acute toxicology of processed pumpkin seed flour.

Figure 2: Atherogenic index on doxorubicin intoxicated Wistar rats fed with processed pumpkin seed flour.

Discussion
Plants have been pertinent to humans as medicinal sources and 

many modern drugs have been derived from secondary plant me-
tabolites. Since time immemorial, mankind has been dependent on 
plants for their curative properties [28]. This property was attribut-
ed to the presence of phytochemicals, which has also formed as the 
basis for drug development [29]. Some of these phytochemicals has 
been reported to be a good source of antioxidant and this attribute 
made them useful in the management of diseases. Fruits and vege-

tables are good sources of antioxidant like pumpkin seed which can 
mitigate oxidative stress induced tissue injury [30,31]. The result 
of antioxidant properties of processed Cucurbita maxima seed flour 
gives an insight into the therapeutic potentials of plant. This proba-
bly explains the earlier reported medicinal uses of C. maxima seed 
[32-34]. Acute toxicological assessment is often employed as a pilot 
test when investigating the toxicity of substances and aims at deci-
phering the threshold of tolerance in an animal model [35]. Liver is 
the major organ responsible for metabolism and system detoxifica-
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tion [36]. The liver function tests revealed a toxin-triggered siege 
on the liver’s integrity, albeit normal functioning of the liver. Alter-
ations in alanine transaminase (ALT) and aspartate transaminase 
AST) activities indicate damage to liver. Feeding of the animals on 
100% germinated pumpkin seed resulted in significant alteration 
of ALT and AST. This contradicts report of [37] who worked cho-
lesterol-lowering and liver-protective effects of cooked and germi-
nated mung beans (Vigna radiata L.). The contradiction is based on 
the fact that [37] used diet inclusion while this research was based 
on 100% diet. Fermented and roasted samples compared well with 
control sample on AST and ALT levels. The result from this study 
supports earlier report of [38] who observed acute toxicity and 
vascular properties of roasted and fermented Parkia biglobosa on 
rat’s aorta. However, uric acid and urea levels presented abnormal 
alterations when compared with the control group, which can be 
related to the protection of the catabolism or high protein diet, 
therefore the urinary flow of the rats was considered normal [39]. 
The study revealed that processed C. maxima increased the level of 
total protein, and this can be justified by the chemical composition 
and favorable nutritional value of the pumpkin seed [39].

The low level of MDA production and high concentration of re-
duced glutathione depicts high degree of the antioxidant capacity 
of an organ. Reduced glutathione is the body’s key antioxidant and 
protective agent [40]. It’s involved in detoxification of xenobiotics 
that cause toxicity and has a variety of functions in the prevention 
of diseases and in the detoxification of chemicals and drugs while 
its depletion is associated with increased risk of toxicity and diseas-
es [40]. The significant increase in the extent of LPO accompanied 
by a significant decrease in GSH in the group fed with germinated 
C. maxima seed flour caused alteration in these parameters in the 
heart and liver of the experimental rats. The antioxidant capacity 
of the organ was compromised which could also account for the 
leakage of the liver enzymes. Lee index can be used as a fast and 
accurate way to determine obesity in rats [41]. The result sets the 
nutritional content as a measure of obesity. The results below 0.300 
are considered normal which is supported by this finding [41]. Pro-
cessed C. maxima seed flour ameliorate the weight of the animals 
and likewise did not lead to obesity. Eating behaviour is an integral 
part of nutritional research [42]. 

In another study, the effect of the processed pumpkin seed on 
doxorubicin intoxication was investigated. The cardiac enzymes, 
ALT, AST CK and LDH are abundant in cardiac muscle, particularly 
CK and LDH. In clinical settings, an elevation of cardiac enzymes in 
serum is considered a vital biomarker of myocardial damage, indi-
cating a number of cardiac diseases, such as myocarditis and myo-
cardial infarction and detecting the activities of these enzymes in se-
rum is essential for assessing myocardial damage [43] The increase 
in serum cardiac enzymes following DOX administration in rats has 
been reported previously [43,44]. Serum CK activity is a more sen-
sitive indicator of early stage of myocardial ischemia whereas LDH 
activity give a rough estimate of the extent of injury to myocardial 
tissues [44,45]. Administration of processed C. maxima seed flour 

especially fermented sample at 60% dose caused a decrease in the 
activities of cardiac enzymes (ALT, AST, LDH and CK) markers and 
increase albumin level in a dose dependent manner. The result is in 
agreement with previous works done on fermented food products 
where the induced serum markers were significantly restored back 
to normal through in vivo and in vitro studies [46,47]. Since the lev-
els of these cellular enzymes present in the blood are directly relat-
ed to the intactness of the plasma membrane of the cardiac cells, 
then the mitigation of DOX-induced injury and dose-dependent re-
duction in serum levels of these marker enzymes and elevation in 
albumin level by processed C. maxima seed flour could be due to its 
action on maintaining cardiac membrane integrity and restricting 
the leakage of these enzymes [48].

Elevated total cholesterol, triglycerides, LDL, VLDL and lower 
concentration of functional HDL which promotes atherosclerotic 
progression are associated with cardiovascular diseases [44,49]. As 
revealed in the present study, the ability of processed C. maxima 
seed flour to adapt the lipid profile of rats administered doxorubi-
cin portends good signal for cardio protection, taken into consider-
ation the role dyslipidemia plays in the etiology and progression of 
many cardiovascular diseases [50] reported that germinated and 
fermented mung bean lowered the cholesterol and triglyceride 
levels in Wistar rats. Also, the same observation was documented 
by [37] on the cholesterol-lowering and liver-protective effects of 
cooked and germinated mung beans (Vigna radiata L.). The result 
of roasted sample on serum lipid profile corroborates with what 
was reported by [51]. The reduction in the total cholesterol, tri-
glycerides, low density lipoprotein, very low density lipoprotein 
and significant rise in high density lipoprotein in test animals is an 
indication that the seed flour of C. Maxima has some hypolipidemic 
properties and are of great significance in cardiovascular diseases 
management [52] reported that this could probably be due to the 
presence of flavanoids, phenols, etc in Cucurbita maxima seed. Ele-
vation was observed in MDA concentration as well as reduction in 
GSH and SOD level/activity of cardiac antioxidants in DOX-toxici-
fied groups. Treatment with processed C. maxima seed flour sig-
nificantly reversed the changes made on levels of antioxidant pa-
rameters. Cardiotonic activity of Cucurbita maxima seed has been 
reported by [53] which is supported by this study. Reduced level of 
GSH and SOD activity may promote oxidative stress and membrane 
lipid peroxidation [54]. The observed decrease in SOD activity and 
concentration of GSH in the hearts of DOX-intoxicated rats strongly 
support the hypotheses that increased oxidative stress associated 
with an impaired antioxidant defense status is one mechanisms 
of doxorubicin toxicity [45]. In this study, pretreatment with pro-
cessed C. maxima seed flour protected the heart from DOX-induced 
injury. The overall protective effect of processed Cucurbita maxima 
seed flour is probably due to counter action of free radicals by its 
antioxidant nature hence its ability to restore normalcy in tissue 
under oxidative stress [55]. 

Electrolytes are minerals in the body, they are acid, base or salts 
that regulate the body and fluid balance. There was a decrease in 
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plasma potassium ion in the group administered with DOX as com-
pared with the normal control group as cardiomyopathy caused hy-
pokalemia and it was reversed when the intoxicated groups were 
treated with processed Cucurbita maxima seed flour. Potassium is 
critical to the maintenance of cardiovascular health especially in 
the at-risk cardiovascular patient. However, it has been reported 
that high intake should be encouraged [56]. High intakes of sodi-
um have been reported to be associated with an increased risk of 
cardiovascular disease especially heart disease [57]. Plasma sodi-
um ion was elevated in rats intoxicated with DOX compared with 
the normal control, and there was observed a decrease in elevated 
ion to normal values in groups who received processed Cucurbita 
maxima seed flour as it was also reported previously that elevated 
sodium ion was seen in rats having cardiac damage [58] Athero-
genic index denotes the magnitude of the potential occurrence of 
atherosclerosis [59]. The higher of atherogenic index, the poten-
tial occurrence of atherosclerosis. Rats treated with processed C. 
maxima seed flour lowered the atherogenic level as compared to 
DOX-toxified group which implies that the atherogenic index was 
affected by the content of HDL. The total cholesterol and HDL-C 
levels affect atherogenic index value. Reducing total cholesterol 
and increasing HDL-C levels reduce the atherogenic index value, so 
the risk of atherosclerosis will be smaller [60]. Overall, fermented 
Cucurbita maxima seed flour especially at 60% dose possessed the 
best antioxidant and cardioprotective effect. This result gives us an 
idea that fermentation played a more important role since we have 
observed better improvement of antioxidant activity in fermented 
than roasted and germinated Cucurbita maxima seed flour.

Conclusion
The present study demonstrates the protective effect of pro-

cessed Cucurbita maxima seed flour against doxorubicin-induced 
cardiotoxicity and lends claim to the ethnopharmacological use of 
plant in the treatment of cardiovascular-related disorders. Also, fer-
mented Cucurbita maxima seed at 60% is the most well tolerated 
due to low toxicity effect. The observed cardioprotective potential 
in Cucurbita maxima seed flour might be due to its antioxidant and 
antihyperlipidemic activities which denotes that processed Cucur-
bita maxima seed can be used as supplements. However, further 
studies are warranted to characterize the active phytoconstituents 
involved in the cardio protection.
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