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ABSTRACT: The aim of this study was to ascertain the effects of peanut diet supplementation on glucose metabolism in
rats exposed to 1, 2-dimethylhydrazine. Lactate dehydrogenase and glucose -6-phosphate dehydrogenase activities were
used as indices for glucose metabolism. Eighty-four rats of both sexes were used for this study and were divided into seven
groups of 6 rats each. 1, 2- dimethylhydrazine (DMH) was administered subcutaneously at a dose of 25 mg/kg body weight.
Group A rats were maintained on rat feed, group B rats were maintained on rat feed and administered DMH once weekly
for 12 weeks. The group C rats were administered DMH weekly for 24 weeks while on normal diet. Group D rats were
administered DMH and feed for 12 weeks followed by peanut supplemented diet for the next 12 weeks. The group E rats
received DMH weekly and peanut supplemented diet for 24 weeks while group F rats had peanut supplemented diet for 12
weeks before the administration of DMH for 12 weeks. Group G rats were maintained on only peanut supplemented diet for
24 weeks. Relative to the control and diet supplemented groups, Lactate dehydrogenase and Glucose-6-phosphate
dehydrogenase activities were significantly (p < 0.05) increased in the colon of the DMH-only treatment group. Thus,
increased glucose consumption occasioned by the exposure to DMH can be altered by the peanut supplementation in the
diets of exposed rats.
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Introduction

The fact that malignant cells produce increased amount of lactate compared to normal cells in the presence of
oxygen, signifying more glucose utilization than normal cells, has been established (Hagland and Sgreide,
2015). This discovery referred to as the “Warburg effect” was previously thought to be as a result of hostile
tumour microenvironment and attendant dysfunctional mitochondria, leading to an increase in glycolysis
(Moreno- Sanchez et al., 2007). This theory however was later found not to be true, as majority of malignant
cells still possess functional mitochondria and utilize oxidative phosphorylation and glycolysis for energy
extraction from nutrients (Moreno- Sanchez, 2007; Ward and Thompson, 2012). All the same, the finding that
there is increased glucose flux during malignancy remains true and is utilized in 2-fluorodeoxyglucose positron
emission tomography (2-FDG PET) scan for evidencing metastasis in clinical practice (Hagland and Sgreide,
2015). The choice of glucose as preferred energy source is currently recognized as a major feature of
malignancy (Hanahan and Weinberg, 2011). The increase in the breakdown of glucose is essential for
sustaining rapid cell growth and increase in terms of steady energy supply, and provision of other growth
facilitators associated with glucose catabolism in the pentose phosphate pathway (Hagland and Sgreide, 2015).
The latter involves the enzymatic change of glucose-6-phosphate and fructose-6-phosphate to ribose-5-
phosphate, required for nucleotide production. In addition, is glyceraldehyde-3-phosphate, a starting material
for the phospholipids required for the formation of new membranes. This adjustment in metabolism by
malignant cells is required to ensure that the high rate of proliferation is sustained (Hagland and Sgreide, 2015).

141


mailto:isojeabigail@gmail.com
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cancer-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/lactic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/mitochondrion
https://www.sciencedirect.com/topics/medicine-and-dentistry/glycolysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/tumor-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/tumor-cell
https://www.sciencedirect.com/topics/medicine-and-dentistry/oxidative-phosphorylation
https://www.sciencedirect.com/topics/medicine-and-dentistry/fluorodeoxyglucose
https://www.sciencedirect.com/topics/medicine-and-dentistry/positron-emission-tomography
https://www.sciencedirect.com/topics/medicine-and-dentistry/positron-emission-tomography
https://www.sciencedirect.com/topics/medicine-and-dentistry/positron-emission-tomography
https://www.sciencedirect.com/topics/medicine-and-dentistry/metastatic-carcinoma
https://www.sciencedirect.com/topics/medicine-and-dentistry/pentose-phosphate-cycle
https://www.sciencedirect.com/topics/medicine-and-dentistry/glucose-6-phosphate
https://www.sciencedirect.com/topics/medicine-and-dentistry/fructose-6-phosphate
https://www.sciencedirect.com/topics/medicine-and-dentistry/ribose-5-phosphate
https://www.sciencedirect.com/topics/medicine-and-dentistry/ribose-5-phosphate
https://www.sciencedirect.com/topics/medicine-and-dentistry/glyceraldehyde-3-phosphate
https://www.sciencedirect.com/topics/medicine-and-dentistry/phospholipid

African Scientist Volume 24, No. 1 (2023)

It is obvious that rapid glucose metabolism is a mechanism by which malignant cells sustain themselves, and
studies have shown that the consumption of peanut supplemented diet reduces 1,2- dimethylhydrazine-induced
colon carcinogenesis in rats. The purpose of this study was therefore to ascertain whether the consumption of
peanut supplemented diet will alter glucose metabolism.

Materials and methods

Plant material: Arachis hypogaea seeds were purchased at Uselu market, Benin City. The verification of the
peanut seed and plant was carried out by Dr. Henry A. Akinnibosun of the Department of Plant Biology and
Biotechnology, University of Benin. The peanut plant was then deposited at the herbarium and assigned a
voucher number UBHA352.

Chemicals: The following analytical grade reagents were used for this study; 1,2-Dimethylhydrazine (DMH)
dihydrochloride (Sigma Aldrich, Germany), halothane (Piramal Healthcare Limited, India). All other chemicals
not itemized were also of analytical grade.

Animals: A total number of 84 healthy male and female albino rats (Wistar strain) were used for this study.
They were purchased from Department of Biochemistry, Animal Unit, Faculty of Life Sciences, University of
Benin, Benin City Nigeria and housed in wood framed/iron meshed cages in the Animal House of
Biochemistry Department. The rats were acclimatized for 14 days prior to the commencement of the
experiment. During the acclimatization period the rats had unrestricted access to feed (Grow ers mash, Bendel
Feeds and Flour Mills Ltd. Ewu, Edo State, Nigeria) and water.

Rat diet formulation: The groundnut was incorporated into the rat diet at 20 % level (Guyton et al., 2008).
Prepartaion of 1,2-dimethylhydrazine (DMH) dihydrochloride solution: Stock DMH was dissolved in 1 M
ethylenediaminetetraacetic acid (EDTA-disodium salt)-saline solution, pH 6.5, just before use. The adjusted pH
was to ensure that the carcinogen was stable at the time of administration.

Animals grouping and treatment: The rats were divided into seven groups of 6 male rats each and another 7
groups of 6 female rats each. DMH was administered at a dose of 25 mg/kg body weight subcutaneously
(Veceric and Cerar, 2004). Group A (control) rats of either sex were maintained on normal feed (growers
mash) and a weekly subcutaneous injection of the vehicle (EDTA-Saline). Group B rats were provided normal
rat feed and injected with DMH once weekly for 12 consecutive weeks. Group C rats were placed on normal
feed and injected DMH once weekly for 24 weeks. Group D rats received DMH and normal feed for 12 weeks
followed by the peanut diet (at 20% level) for the next 12 weeks. Group E rats received DMH and peanut diet
(20% level) concomitantly for 24 weeks. Group F rats were placed on peanut diet for 12 weeks prior to the
administration of DMH for 12 weeks. Group G rats were placed on 20% peanut diet throughout the
experimental period of 24 weeks, but received once weekly injection of the vehicle (EDTA-saline). All groups
were kept on their respective diet for 24 weeks.

Collection and preparation of samples for analyses: The study was carried out with strict compliance with the
ethics in Guidelines and Specification on Experimental Animal Care (Animal Care and Use Program, 2011).
Rats in each group were sedated with halothane. While under anaesthesia the abdominal and thoracic regions
were opened and blood collected into plain sample tubes by heart puncture. The colon was excised. Sections of
the colon were obtained for biochemical assessments carried out on the homogenate supernatants. The colon
and liver homogenates of each rat were prepared by grinding 1 g in ice-cold mortar with acid-washed sand in 5
mL physiological saline solution. Each homogenate was subjected to centrifugation at 3500 rpm for 5 minutes
and a clear supernatant obtained which was kept at -20 °C until needed.

Biochemical assays: The estimation of the concentration of total protein in the tissue homogenate supernatants
was done using the Biuret method. The activity of lactate dehydrogenase (LDH) was determined using the UV
absorbance - based method which is an optimized standard method according to the recommendations of the
Deutsche Gesellschaft fur Klinische Chemie (1970). Glucose-6-phosphate dehydrogenase activity was
estimated using the UV absorbance-based method of Lohr and Waller, (1974) in which the rate of change in
absorbance at 340 nm due to the reduction of NADP* was the basis for determining the activity of the enzyme.

Results

Consumption of peanut diet before the administration of DMH (Group F) significantly (p < 0.05) improved
weight gained by these rats relative to the group of rats that received DMH only for 12 weeks and maintained
on normal diet (Group B) (Table 1). Rats that were administered DMH and consumed peanut supplemented
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diet concomitantly (Group E) had significantly (p < 0.05) increased weight gain when compared to Group C
rats ,that had weekly injection of DMH for 24 weeks but maintained on normal diet. In the female rats, weekly
subcutaneous injection of DMH for 12 and 24 weeks respectively resulted in significant (p < 0.05) decreases in
weight gain relative to the corresponding control group (Table 1). Exposure to DMH only for 24 weeks (Group
C) significantly (p < 0.05) decreased weight gain relative to the group of rats exposed to weekly administration
of DMH for 12 weeks (Group B).

The results of colon glucose-6-phosphate dehydrogenase activity assays of male and female rats are presented
in Table 2. The activities of the enzyme in the colon of male and female rats administered DMH only for 12
and 24 weeks respectively were significantly (p < 0.05) increased relative to the activity in appropriate control
group. Supplementation with peanut diet 12 weeks after the administration of DMH for 12 weeks (Group D)
significantly (p < 0.05) lowered the activity of the enzyme relative to the groups that received DMH
administration for 12 and 24 weeks respectively but maintained on the normal feed (Groups B and C).
Concomitant administration of DMH and consumption of diet supplemented with peanut for 24 weeks (Group
E) and the consumption of the supplemented diet for 12 weeks before the administration of DMH for 12 weeks
(Group F) caused significant(p < 0.05) reduction in the activity of glucose-6-phosphate dehydrogenase.

Male and female rats that consumed peanut supplemented diet for 24 weeks without the administration of
DMH (Group G) had glucose-6-phosphate dehydrogenase activities that were comparable to those of the
control groups.

Results of colon total protein level analysis for male and female rats are presented in Table 2. The level
significantly (p < 0.05) reduced in the group that received DMH for 12 and 24 weeks respectively in both male
and female rats relative to control. Consumption of peanut supplemented diet for 12 weeks before the
administration of DMH (Group F) and concomitant consumption of the supplemented diet along with DMH
administration for 24 weeks (Group E) significantly (p < 0.05) increased the total protein level compared to the
levels in both male and female rats treated for 12 and 24 weeks respectively with DMH only. In the female rats,
consumption of peanut supplemented diet after exposure to DMH for 12 weeks significantly (p < 0.05)
increased the total protein level relative to the group that received DMH for 12 weeks and maintained on
normal rat feed (Group B). In the corresponding male group however, the increase was not significant.

The results of the assay of lactate dehydrogenase activities in colon of male and female rats are presented in
Table 2. The enzyme activity significantly (p < 0.05) increased in DMH only treated groups, relative to the
control group in both male and female rat colon. In both male and female rats, consumption of peanut
supplemented diet after 12 weeks of DMH treatment also significantly (p<0.05) reduced LDH activity relative
to the group that received DMH for 12 weeks and maintained on normal diet.
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Table 1: Effect of Peanut supplemented diet on weight of DMH-treated rats
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Rats (Males)

Rats (Females)

Group Treatment Initial weight Final weight (g) Weight gain Initial weight Final weight (g) Weight gain
A Control 116.00£5.29 231.50+10.10 115.00£41.98 101.60+2.30 180.80£7.98 79.75£10.10
B T12/N* 111.50£4.73 203.25+25.05 74.50+16.34™ 100.80+1.79 178.40£29.15 76.75£19.05
C T2a/N 117.50+2.73 210.25+20.79 90.25+46.73 120.8048.53 156.2049.28 38.50+17.132P
D T12/P12 120.00+5.09 246.00+33.32 131.50+30.70 105.40+2.19 156.60+26.00 48.50+29.402P
E T2a/P24 120.00+5.10 270.75+30.93 152.00+66.37°¢ 110.0045.29 167.00+39.80 74.00+20.93°¢
F P12/T12 116.25+10.90 250.75+25.90 162.75+30.88¢ 108.80+4.44 212.40+16.39 110.00+18.97¢4¢
G P24 101.00£0.00 246.75+17.07 146.75+46.56° 100.00+0.00 178.80+16.33 77.50+25.55¢f

*Control = Normal rat chow (N) and water with weekly subcutaneous injection of EDTA-saline solution.

T12/N = Maintained on normal chow (N) while treating with 1,2-dimethylhydrazine (DMH) for 12 weeks.

T24/N = Maintained on normal chow but treated with 1,2-dimethylhydrazine (DMH) for 24 weeks.

T12/P12 = Treated with DMH for 12 weeks while on normal rat chow and later maintained on peanut diet (P) for12 weeks.

T24/P24 = Treated with DMH and peanut simultaneously for12 weeks.

P12/T12= Maintained on peanut diet for 12 weeks, followed with DMH treatment for 12 weeks.

P24 = Maintained on peanut diet for 24weeks with weekly subcutaneous injection of EDTA- Saline solution.

**Values with superscripts a, b, c, d, e or f are significantly different from the value of the group with the corresponding upper case letter A, B, C, D, Eor F (p <0.05).
T represents DMH.

Table 2:  Effect of Peanut supplemented diet on colon total protein levels, glucose-6- phosphate dehydrogenase and lactate dehydrogenase activities of DMH-treated rats
G6PD Activity Colon Total Protein LDH Activity

(um/mL colon homogenate supernatant) (9/dL colon homogenate supernatant) (U/L colon homogenate supernatant)

Mean + SDx10%(n=4) Mean + SD (n=4) Mean + SD x102 (n = 4)

Group Treatment

Rats (Male) Rats (Female) Rats (Male) Rats (Female) Rats (Male) Rats (Female)

A Control 43.43+1.33 49.48+5.73 5.99+0.33 6.38+0.41 8.16+0.21 8.26+0.13

B T12/N* 58.14+0.81%™ 59.86+1.912 3.91+0.41%" 2.71+0.028 9.51+0.35%" 9.58+0.13¢2

C Ta4/N 55.08+2.552 62.58+0.1.002 3.32+0.31°2 2.16+0.048 9.72+0.362 9.79+0.242

D T12/P12 45.29+3,79b¢ 44.69+7.24b¢ 5.04+0.07°¢ 5.55+0.11ab¢ 9.00+0.103b° 9.04+0.153b¢

E T24 P24 47.88+3.06°¢ 50.98+6.36°¢ 5.81+1.12b¢ 4.60+0.542b.cd 9.10+0.36%¢ 9.02+0.062b¢

F P12 /T12 45,09+2.65P¢ 51.21+3.51bcd 7.56+1.002bcde 6.28+0.53bcde 8.50+0.55P¢¢ 8.72+0.502b¢
G P24 40.97+0.59¢ 43,57+2 36abcdef 6.74+1.07Pcd 6.67+0.21Pcde 8.06+0,22bcde 8.14+0.06Pcdef

*Control = Normal rat chow (N) and water with weekly subcutaneous injection of EDTA-saline solution.
T12/N = Maintained on normal chow (N) while treating with 1, 2- dimethylhydrazine (DMH) for 12 weeks.

T24/N = Maintained on normal chow but treated with 1, 2-dimethylhydrazine (DMH) for 24 weeks.

T12/P12 = Treated with DMH for 12 weeks while on normal rat chow and later maintained on peanut diet (P) for12 weeks.
T24/P24 = Treated with DMH and peanut simultaneously for12 weeks.

P12/T12= Maintained on peanut diet for 12 weeks, followed with DMH treatment for 12 weeks.

P24 = Maintained on peanut diet for 24weeks with weekly subcutaneous injection of EDTA- Saline solution.

**Values with superscripts a, b, c, d, e or f are significantly different from the value of the group with the corresponding upper case letter A, B, C, D, Eor F (p <0.05).
T represents DMH.
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Discussion

Data from this study revealed a considerable reduction in total colon protein of rats in the groups exposed to the

carcinogen relative to the control group in both sexes (Table 1). This protein loss agrees with earlier report by

Okolie et al. (2013) that loss of tissue protein is usually one of the events in most cancers. The protein loss

may have been due to increased rate of protein catabolism coupled with reduced synthesis (Evans et al., 2008;

Tisdale, 2010). Proteins are also prone to ROS-induced damage and are a common target of amplified damage

by free radicals (Perse, 2013) and toxic chemicals such as reactive methyldiazonium ion generated from DMH

is not exempt from free radical production and attendant protein damage. Supplementation with peanut diet,

however, restored the total protein level to normal. How peanut supplemented diet brought about this

amelioration is not clear but if the free radical concept just mentioned is a factor then the antioxidant

phytochemicals which we identified earlier (Isoje and Obi, 2021) and by others (Sanders et al, 2000; Isanga

and Zhang, 2007) must have mopped up the DMH associated free radicals and hence the tissue protein status

restoration.

The results obtained from LDH activity assay in this study show that DMH exposure caused significant

increase in colon activity of the enzyme. This finding agrees with earlier reports by Koukourakis et al. (2006)

that lactate dehydrogenase (LDH) activities are often increased in cancer cells. This observation has been

attributed to increased demand for energy which is readily obtained via anaerobic glycolysis sustained by

lactate dehydrogenase activity. Okolie et al. (2013) report is also in consonance with our finding. They showed

that the processes leading to colon cancer development significantly raised LDH activity in the colon of rats.

Xu et al., (2005) reported that mitochondrial dysfunction associated with cancer results in the buildup of the

glycolytic intermediate, pyruvate, hence increased activities of LDH through substrate-activation of LDH gene.

Consumption of peanut diet had a lowering effect on LDH activities. This may be due to the high level of oil in

peanuts which may have conditioned the cells to utilize the fatty acids of the oil rather than glucose for energy

production (Allen et al., 2014). Additionally, lipid metabolism may have forced the cells to obtain their energy

from mitochondrial metabolism, and it is generally believed that cancer cells have dysfunctional mitochondrial

electron transport chain, thus resulting in up-regulation of one-electron reduction of O, causing ROS

production. This phenomenon may cause only the cancer cells to experience oxidative stress while sparing the

normal cells in such situations in which glucose metabolism is restricted (Allen et al., 2014).

Apart from cancer cells having enhanced anaerobic glycolytic process, they possess elevated pentose phosphate
pathway activity (Aykin-Burns et al., 2009). Glucose-6-phosphate dehydrogenase (G6PDH) is a critical enzyme
in this pathway that produces reduced nicotinamide adenine dinucleotide phosphate (NADPH) and ribose-5-
phosphate (R5P) from the pentose phosphate cycle. Data from this study showed that the activity of this enzyme
was elevated in the colon of both sexes of rats that were carcinogen- treated relative to the control group rats
(Table 2). Consumption of peanut supplemented diet caused a reduction in the activities of the enzyme (Allen et
al., 2014). Tumour cells express a relatively high level of glucose-6-phosphate dehydrogenase due to their high
demand for NADPH that promotes cancer cell proliferation, growth and survival (Patra and Hay, 2014).
Consumption of peanut supplemented diet may have decreased the ability of DMH co-exposed cells to sustain
high glucose-6- phosphate dehydrogenase activity and associated NADPH production due to limited glucose
availability during peanut supplemented diet consumption. Evidence from research studies suggest that
metabolism of fat in most tissues does not facilitate gluconeogenesis and hence low glucose-6-phosphate
formation, low pentose phosphate pathway activities and ultimately heightened stress status in neoplastic cells
compared to normal cells (Allen et al., 2014).

Conclusively, DMH associated glucose consumption and pattern of metabolism as in exposed rat colon is
altered by the consumption of peanut supplemented diet. We believe that peanut phytochemical and oil content
have fundamental roles to play in the altered glucose metabolism.
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