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                Restoration  of  Hepatic  Glucose  Homeostasis  and  Cellular  Integrity  in

Experimental Models by Cucurbita maxima Blossoms

ABSTRACT

        OBJECTIVES: Investigate the ameliorating effects of Pumpkin flowers (Cucurbita

 maxima)  10%  and 20%  fortified cake on cellular damage caused by alloxan-induced

   diabetic rats.  Forty adult male albino rats of approximately weigh aboutMETHODS:
180±5 g were obtained and divided into five distinct groups to determine the effect of C.

maxima flowers enriched (CMFP) cake two different concentrations (10% and 20%) had
[5]

any beneficial impacts on rats with a single dose of 40 mg/kg alloxan to induce diabetes.

RESULTS: The observations on the blood insulin, blood sugar, lipid profile, serum liver

biomarkers, lipid peroxidation enzyme markers, and pro-oxidative mediators showed that

                        oral  administration  of  10%  and  20%  CMFP  cake  lowers  the  blood  sugar,  Total

              Cholesterol  (TC),  Low-Density  Lipoprotein  (LDL),  Very  Low-Density  lipoprotein

                        (VLDL)  and  Triglyceride  (TG).  In  rat  treated  with  alloxan,  the  levels  of  alanine

transaminase (ALT), alkaline phosphatase ALP), aspartate transaminase (AST) and the

     levels of malondialdehyde (MDA),  thiobarbituric  acid reactive compounds (TBARS),

conjugated dienes (CD) and lipid hydroperoxides (LOOH)  were significantly reduced.

Moreover, blood serum insulin, high density lipoprotein (HDL), Superoxide dismutase

(SOD), Catalase (CAT) and reduced glutathione (GSH) increased simultaneously; These

results verified that the 20% CMFP cake was the best treatment specially in decreasing

hepatic lipid peroxidation with levels between 54%, 49.5% and 75.2 % for LOOH, CD

              and  TBARS  consequently.   Since,  pumpkin  blossoms  contains  aCONCLUSION:
wide range of phytonutrients, pumpkin blossom has the potential to be a functional food

source to incorporate into diabetics' diets to manage the disease.

              Keywords:  cake,  Diabetic  rats,  lipid  peroxidation,  liverCucurbita  maxima,  

biomarkers. 
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 1. Introduction

           

              Diabetes Mellitus is a persistent, non-communicable disease caused by

chronic hyperglycemia caused by abnormalities in insulin hormone secretion and

function (Unnikrishnan et al., 2016). Diabetes's prevalence is rising globally today

                          and is  linked  to  lifestyle  factors like obesity  and  by 2030,  the  World  Health

                    Organization  (WHO)  estimates  that  there  are  nearly  370  million  people  with

diabetes.  

The most common side effects of diabetes are dyslipidemia, which affects 4

         0% of people with diabetes and is  cause  for heart disease  (Rajasekaran  et  al.,

2006). Although many medicines are available to treat diabetes, there is a need for
[11]

diabetic patients throughout the world mainly to consume antidiabetic agents as a

functional food that is easy to add to the diet, cheaper, and safer.  As a result, it

               would seem  that  the  use of herbal  products  would be beneficial  to administer

medication to these individuals that would increase their sensitivity to insulin and

blood glucose management.

              By the biological actions of its phytochemicals, Pumpkin members of the

                 Cucurbitaceae family  contribute  to  boosting  both  human  and  animal  health

                   (Ahmad  and  Khan,  2019). It  includes  a  significant  antioxidant  potential  and

                    pumpkin  seeds  rich  in  phenolic  compounds  provide  a  multitude  of  health

advantages (Akomolafe et al., 2021).

              Xia and Wang (2007) in their research on the hypoglycemic effects of

                  pumpkin,  streptozocin-diabetic  rats  were  used.  Due  to  its  antidiabetic  and

           anticancer  properties,  pumpkin can be used to create food products  containing

additional ingredients. ( .Dar et al., 2017)

               Many studies have been conducted on various pumpkin fruit and seed
[5]

variants. Pumpkin seeds and fruit contain anti-cancer and anti-diabetic effects (Xia
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 and Wang, 2007; Hou et al.,  2008).  The pumpkin fruit is also high in fiber and

antioxidants, it  also contains bioactive substances such linoleic acid,  as well  as

carotenoids, ascorbic acid, vitamins, minerals, dietary fibers, and vitamin E and it

is a contemporary instrument for antibacterial, antihypertensive, anticancer, anti-

 inflammatory, and anti-hypercholesterolemia (Dar et al.,  2017). Yet,  there is no

data available on the research on pumpkin flowers other than a report of physico-

               chemical  characteristics  described by  Ghosh  and  Rana  (2020).  They reported

              pumpkin  flowers contain the  highest  mineral  content  (Sodium,  Potassium,  and

Calcium) and are rich in phytonutrients such as phenol, flavonoid, antioxidants,

and anthocyanins. It also contains many saturated and unsaturated fatty acids. 

            Alloxan is a cytotoxic analogue causing diabetes that also produces reactive

oxygen species (ROS)  in animals. It is also absorbed that alloxan-induced liver

   damage is minimal depending on the strain and administration method chosen,

alloxan dosages range from 50 to 200 mg/kg and from 40 to 200 mg/kg (King,

2012).

As far as we know, no published research article investigated the effects of cake
[0]

enriched with 10% and 20% of Cucurbita maxima powder has the potential to be

                    considered  as  a  health,  safe  and  nutritious  functional  food  to  incorporate

into diabetics' diets to manage the disease cellular damage and other complications,

                     Therefore,  The objective  of  the  current study is  to  assess  the  plasma glucose,

               insulin levels,  lipid profiling  (TG,  TC,  LDL,  HDL  and VLDL), liver markers

(ALT, ALP and AST), Lipid peroxidation enzymes (MDA, SOD, CAT and GSH)

and by-products of lipid peroxidation (TBARS, CD and LOOH) as indicators of

ameliorate effects of the cake enriched with Cucurbita maxima powder.

 
[3]

2. Materials and Methods

 
[0]

2.1. Reactive compounds
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            Biochemical Kits and all other chemicals were purchased from Sigma 

Chemicals Co. USA. 

 2.2. Plant material preparation

             The  flowers (CMF) were freshly harvested from nearbyCucurbita maxima

cultivates in Cairo, Egypt. CMF were collected from stems, ordered, and rinsed in

 freshwater, then dried for two weeks at ambient temperature. Cucurbita maxima

flower powder (CMFP) was prepared by the method adopted by Russo (2001) with

slight modifications. Grind the dried flower into powder and strain using a 0.5 mm

sieve then kept them in a desiccator.

 2.3. CMFP cake Preparation 

                       The Cake was prepared using the standard technique of Penfield and

Campbell (1990). The Cake was made with wheat flour (72%) Then, the prepared

cake samples were substituted with 10% and 20% CMFP.

 2.4. Convergent examination of cake samples

             The Convergent was checked by analyzing the moisture, ash, protein, fat

                 and fiber  of  the  control  cake sample.  Carbohydrates  and  nitrogen-free  extract

(NFE) were calculated. 

 2.5.  Basal diet preparation

          The AIN-93 protocol was used to establish the basal diet according to the

procedure described by Reeves et al. (1993). It contains ingredients such as 20%,

                       10%,  5%,  4.7%,  and  3.5%  casein,  sucrose,  fiber,  corn  oil,  and  salt  mixture
[0]

respectively, 2% choline chloride, 1% vitamin and the rest proportion made of corn

starch.

 2.6. Study's layout

            The Helwan animal colony, Cairo, Egypt, provided forty adult male albino

      rats  weighing 180±5g for the  experiment. Rats were kept in acrylic cages in a

4
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controlled environment with a fresh air chamber at 24±5°C, light condition (12hr

               light/12hr dark cycles)  and relative humidity.  Feed and water   weread libitum

provided for adaption purposes before the trial began for one week. The entire

process of handling and caring for animals was strictly  done in Faculty of Home

                  Economics,  Helwan  University,  Cairo,  Egypt,  followed  as  per  the  guidelines

outlined in the Declaration of Helsinki and IACUC protocol number ARC-FU-41-

24.

 2.7. Initiation of Diabetes in Rats

Overnight fasted rats were treated with a single dose of 40 mg/kg of alloxan to induce

 diabetes. After the 48 hours of injection, the blood sample was collected from tail

vein for the analysis of blood glucose. Diabetic rats with fasting blood glucose

levels ranging from 210 to 220  mg/dl were chosen for further testing,  whereas

those with levels less than 200 mg/dl were rejected. The rats were put into five

groups of eight rats each.

Group I (normal control) received only a basal diet. Group II (diabetic control)

treated with an alloxan-alone. Group III was diabetic rats fed with a basal diet

combined with dried cake. Groups IV and V were diabetic-induced rats containing

10% and 20% CMFP-treated groups, respectively.

 2.8. Biological Indices

           Food intake was noted daily and body weight growth was tracked weekly.

Divide the weight gain (g) by the feed intake (g) to get the feed efficiency ratio

(FER). After the experimental period, anesthetized animals were sacrificed and a

                     blood  sample  was  taken  and  centrifuged  to  collect  the  serum  for  next

determinations. Hepatic tissue slices were dissected and rinsed in ice-cold saline.

(Jaishree and Badami, 2010). The tissues were fragmented and pureed in a cold
[0]

        buffer (pH 7.0)  to yield a  20%  tissue homogenate (w/v).  Centrifuge the  tissue
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  homogenate at 1200  rpm for 10 minutes.  Then, the supernatants were carefully

collected and used to measure different biochemical parameters.

 2.9. Blood glucose and insulin estimation

                 Burrin and Price (1985) used the colorimetric approach to assess blood

                  glucose.  Clark  (1999)  determined  that  the  insulin  radioimmunoassay  kit  was

utilized to detect plasma insulin.

 2.10. Quantification of hepatic functioning and lipid concentrations

The liver enzyme biomarkers were expressed in Units/mL, AST and ALT have

been detected using the Reitman and Frankel (1957) technique. The enzyme ALP

was determined using King's (1965) method. Serum cholesterol was tested using

Allain's et al. (1974) enzymatic method. Serum triglycerides were colorimetrically

evaluated using Wahlefeld's (1974) approach. The level of High density lipoprotein

(HDL) was determined using the method of Albers et al. (1983). Very low density

                lipoprotein  (VLDL)  concentration  and  Low  density  lipoprotein  (LDL)  were

estimated using Friedewald's et al. (1972) equations.

 2.11. Non-enzymatic antioxidant indicators in hepatic tissue and lipid 

peroxidation

                 MDA and antioxidant  biomarkers (SOD,  CAT and GSH)  were all  determined

                using  liver  homogenates.  Lipid  peroxidation  (LPO)  was  measured  using

                estimations  of  malondialdehyde  (MDA)  (Rudnicki  et  al.  (2007);  reduced

      
[0]

         glutathione  (GSH)  (Ellman,  1959);  superoxide  dismutase  (SOD)  (Spitz  and

           
[0]

    Oberley  1989);  catalase  (CAT)  (Sinha,  1972).  Pro-oxidative  markers  like

Thiobarbituric acid reactive substances (TBARS) (Yagi, 1987); conjugated dienes

                    (CD)  (Rao  and  Recknagel,  1968);  lipid hydroperoxides  (LOOH)  (Jiang et  al.,

1992). 

 
[0]

2.12. Statistical analysis
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All the data were analyzed using one-way analysis of variance (ANOVA), followed by

Duncan's Multiple Range Test (DMRT) using SPSS version 11 (SPSS, Chicago, IL), P

0.05 was chosen as the upper limit of statistical significance. 
[0]

 3. Results 

The convergent composition of the  flower powder fortified cakeC. maxima

(10% and 20%) and the control cake is presented in Table 1. The percent of crude

protein, moisture, ash, calcium, fiber and phosphorus in the control cake made with

                        100%  wheat  flour  are  13.33,  10.67,  12.03,  1.92,  0.79,  1.18,  0.11  and  59.97

                    respectively.  However,  the  10%  and  20%  CMFP  added  cake  contains  more

moisture, protein, ash, fiber, calcium and phosphorus compared to the control cake.

The results disclosed that 20% CMFP fortified cake comprises an increase of 2.91,

 0.64, 0.89, 0.04, 0.02, 0.02, 0.01 and a decline of 3.53  percent in the moisture,

protein, ash, fiber, calcium and phosphorus respectively compared to 10% CMFP

added cake.

Table 3  displays the result of CMFP  added cake on plasma glucose  and
[2]

insulin levels in diabetic rats. The induction of alloxan in the rats caused a rise in

the blood glucose level up to 212.39 mg/dL and a decrease in insulin level to 7.11

µU/mL. However, noticeable differences in the glucose and insulin levels were
[9]

                   observed between diabetic  and untreated rats.  The 20%  CMFP  fortified  cake-

treated alloxan-induced diabetic rats showed the highest decrease in glucose level

of 93.17 mg/dL and an increase in insulin level of 15.14 µU/mL compared to other

treatments and close similar to normal rats significantly.

          Further, the effect of CMFP-fortified cake on the Feed consumption rate,
[ 0 ]

body weight gain and Feed efficiency ratio (FER) of diabetic rats are revealed in

Table 3. Food intake and body weight of the diabetic control group showed that
[0]

food intake, body weight and FER increased compared with the normal control
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group. However, the body weight is not controlled even in the 10 and 20% CMFP-

                    fortified  cake-treated  diabetic  rats  (40.25  and  43.51)  that  showed  higher  than

normal control (28.35). 

              The effect  of CMFP-fortified cake on the different lipid parameters  of
[0]

diabetic rats is depicted in Figures 1a & 1b. Compared to the normal control and
[0]

the diabetic (untreated) group showed a highly significant rise in total lipid level of

4.25 g/L. Also compared to the diabetic control group and treated groups fed with

CMFP enriched cakes showed a highly significant drop in total lipid level similar

to normal control rats (Figure 1a). In serum total cholesterol level, the diabetic rats
[0]

(untreated) group showed a maximum of 168.26 mg/dl compared to normal control
[0]

rats (96.73 mg/dl). However, in the treated group, a maximum reduction of 100.13
[0]

mg/dl was observed in 20% CMFP-fortified cake-treated alloxan-induced diabetic

rats. The 20% CMFP-fortified cake resulted in a statistically noteworthy reduction
[1]

in the levels of Total lipids, TG, TC, LDL, and VLD in diabetic rats (Figure1b).

   However,  there is no noticeable difference in  total lipid profiles (TL,  TC,  TG,

LDL, Total lipids, and VLDL) between the treatment group, which consumed 20%

and 10% CMFP fortified cake treated and normal control group. However, in HDL

levels in CMFP-fortified cake treated group was compared to the diabetic group.

There is a significant similarity between the increase in 20% CMFP fortified cake
[1]

and the normal control group HDL level.

Figure 2 depicts the data on the effect of CMFP-supplemented cake on serum

           liver biomarkers in  diabetic  rats.  Changes in  AST,  ALT and ALP  levels  were
[1]

detected in all treated groups when compared to the normal control group. The
[1]

level of AST, ALT and ALP levels were decreased to 70.20 U/L, 32.20 U/L and

37.46 IU/L respectively in the rats fed with 20% CMFP-fortified cake. Compared
[0] [0]

to the normal control group the AST was slightly higher,  the ALT level slightly
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lower and the ALP level was on par with the rats fed with 20% CMFP-fortified

cake. However, the AST, ALT and ALP enzymes increase drastically in diabetic

                          control  rats  by  recording  a  value  of  89.92  U/L,  59.23  U/L  and  51.32  IU/L

respectively.

          Figure 3 demonstrates variations in the lipid peroxidation, MDA,  SOD,

             CAT,  and GSH in  diabetic-induced rats.  The lipid peroxidation enzyme MDA

(6.12 µmol/mg protein) is significantly (p 0.05) higher and lower enzymes levels

such as recorded GSH (12.55 mmol /min/mg protein), SOD (30.98 U /mg protein)

   and CAT  (0.139  U /mg protein)  in diabetic (untreated) rats compared to normal
[0]

control and other treatments. Diabetic rats fed a 20% CMFP supplemented cake
[0]

               had a substantial  effect  on MDA by reducing it  to 3.23 µmol/mg protein  and

     increase in  GSH (22.84 mmol/min/mg protein), SOD (54.36 U /mg protein) and

CAT (0.180 U /mg protein) which is as alike to the normal control.
[0]

   Table 4 additionally illustrates the result of CMFP-supplemented cake levels

on by-products of lipid peroxidation (TBARS, CD and LOOH) in hepatic tissue of

diabetic rats. It revealed that the diabetic rats fed with 20% CMFP enriched cake
[0]

recorded a minimum TBARS value of 0.84 mM/100g of wet tissue which is on par 

with normal control (0.77 mM/100g of wet tissue). Similarly, the same treatment
[0]

  showed a minimum value of CD of 57.22 mM/100g of wet tissue and LOOH of

    70.19 mM/100g of wet tissue and proved on par with the normal control.  The
[0]

 diabetic-induced rats indicated the maximum value of 3.39,  113.23  and 125.30

mM/100g of wet tissue. 

 4. Discussion 

            Pumpkin ( ) flowers may offer several health benefits and areC. maxima

                    highly  nutritious.  It  is  a  great  source  of antioxidants,  compounds  that  may
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neutralize harmful free radicals and reduce inflammation in your body. Besides

                  numerous  types  of  antioxidants,  pumpkin  flower  is  rich  in  carotenoids,

                anthocyanins,  carotene,  flavonoids  and  phenols.  However,  there  is  inadequate

             
[3]

         research  on  the  effects  of  pumpkin  flowers.  Therefore,  the  current study  was

                    planned  to  evaluate  the  effect  of  Cake   with   flower  infortified C.  maxima

 improving antioxidant, and hepatic glucose and ameliorating lipid  sabnormalities

in Alloxan intoxicated diabetic rat model. 

King (2012) pointed that alloxan can precisely block insulin production that

is produced by glucose and can be utilized to chemically induce diabetes mellitus

after the aqueous solution of alloxan was given at a dose of 40 mg/kg body weight

to rats with fasting blood glucose levels ranging from 210-220 mg/dl. 

The present experiment explored the convergent composition of 10%  and

  20%  CMFP-enhanced cakes,  which included high moisture,  crude protein,  ash,

fiber, calcium and phosphorus than the control cake.  It is stated that moisture is a

resource for blood and oxygen transport and that the presence of crude fiber may

aid in digestion. Also, the Ash represents high mineral content which is mandatory

for proper physiological functioning of the body. Hence, the convergent analysis of

the cake fortified with 10%  and 20%  CMFP revealed that CMFP is a valuable

source of nutrients.

As a result, this research addressed the influence of CMFP-fortified cake on

plasma glucose and insulin levels in diabetic rats. Induction of alloxan resulted in a

                      rise  in  blood  sugar  amounts  vice  versa insulin  levels  in  rats.  However,  the

      treatment with 20%  CMFP  fortified cake significantly (p 0.05)  resulted in  the

                     highest  decrease  in  glucose  level  (93.17  mg/dL)  and  increase in insulin level

(15.14 µU/mL) than diabetic control rats. It should be emphasized that the rats fed
[8]

               with 20%  CMFP  fortified  cake indicated normal insulin and glucose  levels as
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showed by normal control rats. These results are reliable with those of Ashiq et al.

(2022), detected a decrease in blood glucose levels in groups of diabetic rats fed
[2]

with 15 g of pumpkin seed.

                    The  alterations  in  insulin  and  glucose  levels  demonstrated  the  onset  of
[2]

       
[2]

             diabetes  in  alloxan-treated  rats.  The  differences  in  insulin  and  glucose  levels

caused by various doses of 10 and 20% CMFP are related to the impact on the

                      regulation  of  glucose  metabolism  in  diabetic  rats.  According  to  Ashok  et  al.

(2013), the effect may also be attributable to the exertion of hypoglycemic effects

by increasing either insulin secretion or peripheral glucose consumption.

Furthermore, the consequence of CMFP-supplemented cake on food intake
[2]

                      rate,  body  weight  gain  and  Feed  efficiency  ratio  (FER)  of diabetic  rats  was

examined in the current study. Various patterns in dietary consumption parameters

were observed, demonstrating that body weight is not regulated even in diabetic

rats fed cake enriched with 10% and 20% CMFP.  Conversely, feed consumption

                    rate  and  Feed  efficiency  ratio  (FER)  were  reduced  which  were  significantly

        (p 0.05)  on par with normal control  rats.  Grover et  al.  (2002)  discovered that
[7]

Aegle marmelose leaf extract helped restore body weight and normal blood glucose

levels. 

The implications of CMFP-fortified cake on the essential lipid parameters of

diabetic rats demonstrated a significant increase in total lipid level of 4.25 g/L in

the diabetic (untreated) rat group.  Elevated levels of total cholesterol, particularly
[2]

LDL-cholesterol in the blood is route cause for coronary heart disease (Hannan et

al. 2003). However, a maximum reduction of serum total cholesterol level (100.13
[0] [6]

mg/dL) and in the levels of TC, TG, LDL and VLDL was noticed in diabetic rats

              given  a  20%  CMFP-supplemented  cake.  Interestingly,  observations  revealed a

substantial resemblance in HDL-c level between the 20% CMFP fortified cake and

       the normal control group,  as  per the  report of Ashok Sharma et al.  (2013), an
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alcoholic extract of  significantly (p 0.05) decreased TC, LDL,Cucurbita maxima

  VLDL, and TG levels while significantly (p 0.05)  increasing HDL  levels.  The

considerable reduction in the total cholesterol and increase in HDL is a highly

                  desired  biochemical  state  for  the  prevention  of  atherosclerosis  and  ischemic

diseases (Sachdeva and Khemani, 2003).

The serum examination of the enzymes ALP, AST,  and ALT is a useful

 reference for hepatotoxicity evaluation (Abirami et al.  2015).  In this study,  the

          serum liver biomarkers of  diabetes  induced rats were considerably  affected by

CMFP-fortified cake treatment as revealed that rats fed 20% CMFP-fortified cake

                      had  lower  levels  of  ALT,  AST,  and  ALP  enzymes.  However,  these  enzymes

increase drastically in diabetic control rats. Similar outcomes were noted in the

findings by Abirami et al. (2015) and the elevated level of these enzymes in the

control group suggested that the liver had been injured and lost structural integrity.

          The alterations in GSH, MDA, SOD,  and CAT  enzyme  concentrations in

diabetes rats were observed by presenting increased MDA and lesser GSH, SOD,

and CAT activity. According to Abirami et al. (2015), an upsurge in liver MDA

                  indicates  greater  lipid  peroxidation,  which  damages  tissue  and  impairs  the

                    mechanism  of  antioxidant  defense  by  failing  to  avert  excessive  free  radical

generation. The negative changes in the activity of the enzymes CAT, SOD and

                GSH could represent the  harmful  consequences  of  toxic substances producing

reactive oxygen species. Nonetheless, in the studies we conducted, diabetic rats fed
[0]

              a  20%  CMFP-fortified cake had a positive influence on suppressing MDA and

                      boosting  GSH,  SOD,  and  CAT  levels  in  comparison  to  the  normal  control.

According to Renata et al. (2022), those consequences may be attributable to the
[0]

existence of several established antioxidant and antibacterial capabilities, as well as

    the presence of  many natural  bioactive substances such as flavonoids, phenolic

                  acids,  and anthocyanins.  Many  authors proved the  antioxidant  and scavenging
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effect of pumpkin flowers and many other flowers that were used as functional

food (Li et al., 2014; Benvenuti et al., 2016; Pires et al., 2018).

           The production of CD and LOOH signifies the beginning and progression of
[4]

the lipid peroxidation process respectively and the formation of TBARS represents

 the decomposition of LOOH,  furthermore, diabetic rats fed 20%  CMFP-enriched

                   
[4]

       cake  had  the  lowest  levels  of  TBARS,  CD  and LOOH.  This  result  could  be

attributed to its antioxidant action, which inhibits the formation of these reactive

compounds. Jayaraman and Namasivayam (2011) reported that the administration

of naringenin decreased the level of bilirubin, ALP, LDH, TBARS, LOOH and CD

in Male albino rats. Popovic et al. (2019) stated that anthocyanins from bilberry

fruit extract resulted in a substantial decline in the lipid peroxidation by products.

Conclusion

The results of this study certainly showed cake enriched with 20% CMFP-

     lowered blood glucose  and increased insulin levels  in alloxan induced diabetic

animals. Besides, it decreases the lipid peroxidation level, pro-oxidative markers

 and antioxidant-regulating enzymes. As the Pumpkin flower contains medically
[4]

important many phytonutrients (phenol, flavonoid antioxidants and anthocyanins)

this could be acts as a prospective alternate source of functional food to be added

to the diet of diabetic patients for the control of diabetes and its related diseases in

humans.
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