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ABSTRACT
Background and Objective: Carrot (Daucus carota) is a root vegetable and its stalk which is the subject
of  this  study  is  discarded  as  waste.  The  aim  of  this  study  is  to  determine  the  effects  of  carrot
(Daucus carota) stalk on blood glucose level, biochemical functions, liver histo-morphology and serum
antioxidant activity in alloxan-induced diabetic rats. Materials and Methods: Following the induction of
diabetes using alloxan, the animal were treated with 400 and 800 mg/kg of the extract and glibenclamide,
a standard drug for 21 days. The rats’ biochemical parameter, liver histo-morphology and serum
antioxidant activities were examined using standard procedures and analysed by one-way ANOVA using
SPSS version 20. The effect of Daucus carota stalk extract on the blood glucose level of the diabetic rats
compared favourably with that of glibenclamide from day 0 to 21. Results: The results of the biochemical
assays show significant (p<0.05) reduction in liver enzymes (AST) -11.11 and -15.69% relative to alloxan
group and -3.6% relative to glibenclamide; while ALT showed -6.82 and -2.38% change relative to alloxan
and glibenclamide, respectively. This same pattern was also observed in total bilirubin concentration and
also extended to the calculated ratios (AST:ALT, ALT:ALP and AST:ALP) including the serum antioxidant
activity. The liver histo-morphological presentation seemingly supports the biochemical parameter results
showing possible ameliorative effects. Conclusion: Conclusively, it could be observed that the extract of
Daucus carota stalk has antidiabetic properties which are comparable to that of glibenclamide and
ameliorated the effects of the hepatic injury caused by alloxan in diabetic rats.
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INTRODUCTION
Carrot (Daucus carota); a versatile vegetable that appears in several colors, shapes and sizes1 is one of the
most important root vegetable plants in the world and can be eaten both raw and cooked2. The quality
of fruits and vegetables is determined by nutritional value and carrots have been ranked 10th among fruit
and vegetables3. Carrots contain molybdenum; a rare trace element rarely found in many vegetables4 and
has been also found to be a good source of dietary and high concentration of carotenoids, a family of
antioxidants which mops out free radicals implicated in conditions such as DNA damage, cellular
membrane damage and diabetes mellitus5.
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Diabetes mellitus (DM) is a metabolic disease characterized by elevated blood glucose. Type 1 diabetes
is caused by insufficient insulin production by the pancreas, while type 2 diabetes is caused by impaired
insulin resistance (IR) of the liver and skeletal muscle, two responsible tissues, to available insulin6.
Hyperglycemia is the overall result, which can cause fatal complications as well as serious health issues.
Approximately 387 million people worldwide suffer from diabetes mellitus (DM), with a prevalence rate
of 8.3%. Many of these individuals, particularly in Africa, go undiagnosed7,8. About 2.7% of all deaths are
caused by diabetes mellitus (DM), which is also linked to ischemic heart disease and stroke9, the top two
causes of death globally10. Diabetes is becoming more commonplace, mainly in low- and middle-income
countries worldwide11. It is closely associated with obesity and sedentary lifestyles. Alloxan is a potent
agent for inducing experimental diabetes mellitus12, particularly type I diabetes mellitus13. A urea derivative
called alloxan selectively necrotizes the β-cells in the pancreatic islets. Therefore, by adjusting the dosage
of alloxan used, it has been widely used to induce experimental diabetes in animals such as rabbits, rats,
mice and dogs with varying degrees of disease severity14. Owing to alloxan’s structural resemblance to
glucose, the mechanism responsible for alloxan-induced diabetes is selective uptake of the compound15.

Consumption of Daucus carota stalk, a waste product of a conventionally available fruit with high
antioxidant potential could improve the management of diabetes mellitus and redirect the management
of the condition from synthetic drugs which are widely believed to have a long-term adverse effect to a
more natural management routine believed to be safer and promote environmental sanitation when the
waste is channelled into pharmacological production hence this study aimed at determining the effects
of  carrot  (Daucus  carota)  stalk  on  biochemical  functions  and  histo-morphology  of  the  liver  in
alloxan-induced diabetic rats.

MATERIALS AND METHODS
Collection and identification of sample: The study took place in the laboratory unit of Michael Okpara
University of Agriculture, Umudike Abia State, Nigeria between March, 2022 to August, 2022. Carrot stalks
were bought from Eke Ukwu Owerri Imo State Nigeria. The stalk was identified as Daucus carota stalk by
a taxonomist Prof. G.G.E. Osuagwu in the Department of Plant Science and Biotechnology, Michael Okpara
University of Agriculture Umudike, Abia State, Nigeria.

Preparation of extract: The stalks were thoroughly washed with tap water to remove sand and other
debris that may contaminate the sample. The washed samples were then air-dried under shade on a
laboratory bench for six weeks. Thereafter the dried plant samples were pulverized using Corona manual
blender Model 0719, manufactured in Germany. Forty grams of the powdered sample were extracted with
96% ethanol in a Soxhlet extractor (model SE-6P Infitek, China). The temperature was maintained at 60°C
throughout the 48 hrs extraction period. At the end of the period the extract was dried in a hot air oven
(IEC60068-2-2 Dongguan China) maintained at 40°C to obtain a dark green semi-solid sample which
weighed 2.00 g. The crude ethanol extract was kept in an air-tight container and stored in a refrigerator
(Thermocool, Nigeria) at 10°C until the time of use. Percentage yield of the extract was calculated using
the formula16:

X 100Yield (%) = ×Q 1

Where:
X = Weight of dried Daucus carota stalk extract after extraction (2.00 g)
Q = Weight of Daucus carota stalk extract powdered plant material before extraction
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Study design for the biochemical estimation of Daucus carota stalk extract: Thirty male albino rats
were randomly divided into six groups of six rats in each group and were in addition to feed and water
assigned treatments. They were acclimatized for 12 before the random division into in an aluminum cage.
All of the animals were kept in standard laboratory settings, with 12 hrs light and dark cycles and room
temperature. They also had unlimited access to food and water. Every rule pertaining to the use and
maintenance of lab animals was scrupulously followed.

The animals were grouped as such:

Group A: Feed and water
Group B: Received 400 mg/kg of Daucus carota stalk extract
Group C: Untreated diabetic rats (alloxan160 mg/kg)
Group D: Treated diabetic rats (alloxan 160+400 mg/kg of Daucus carota stalk extract)
Group E: Treated diabetic rats (alloxan 160+800mg/kg of Daucus carota stalk extract)
Group F: Treated diabetic rats (alloxan 160+3 mg/kg glibenclamide-a standard anti-diabetic drug)

Induction of diabetes mellitus: Twenty rats were administered alloxan monohydrate (Sigma Chemical
Co. USA) dissolved in 10% (w/v) normal saline at a dose of 160 mg/kg body weight by a single
intraperitoneal cavity injection (hind limb), while the remaining ten rats were non-diabetic and served as
control. The alloxan used was prepared by dissolving 0.25 g of alloxan in 3 mL of  distilled  water.  After
5 days of alloxan administration, blood was obtained by tail snip from each rat and tested for glucose level
to confirm the development of diabetes using a glucose meter (Roche Co. Germany). Rats with fasting
glucose levels above 190 mg/dl were considered diabetic and hence were used in carrying out this
research work. All guidelines involving the use and care of laboratory animals were duly observed.

Tissue preparation: The experimental animals were humanely sacrificed at the end of the study. Gross
lesions  were  recorded  as  observed  during  the  post-mortem  examination.  Sections  of  the  pancreas,
liver and kidney were collected for histopathological examination. The collected sample from each of the
six groups was fixed in 10% phosphate-buffered formalin for a minimum of 48 hrs. The tissues were
subsequently trimmed, dehydrated in 4 grades of alcohol (70, 80, 90 and absolute alcohol),  cleared  in
3 grades of xylene and embedded in molten wax. On solidifying, the blocks were sectioned, 5 µm thick
with a rotary microtome, floated in water bathing and incubated at 60°C for 30 min. The 5 µm thick
sectioned tissues were subsequently cleared in 3 grades of xylene and rehydrated in 3 grades of alcohol
(90, 80 and 70%). The sections were then stained with hematoxylin for 15 min. Blueing was done with
ammonium chloride. Differentiation was done with 1% acid alcohol before counterstaining with eosin.
Permanent mounts were made on degreased glass slides using a mountant, DPX.

Determination of Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT): The
determination of Aspartate Aminotransferase (AST) and Alanine Aminotransferase (ALT) in serum was
done according to the method described by Johnlouis et al.16.

Determination of Alkaline Phosphatase (ALP): The determination of alkaline phosphatase in whole
blood was done according to the method described by Johnlouis et al.16.

Bilirubin estimation: The serum total bilirubin in the serum was estimated by the endpoint colorimetric
method as described by Johnlouis et al.16. This is based on the principle that bilirubin reacts with
diazotized sulfanilic acid to form zero azo compound producing a colour-measured photometrically at
555 nm.
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Determination of serum total protein: The serum total protein was estimated by the biuret method
described by Johnlouis et al.16. This is based on the process by which the biuret reagent's cupric acid ion
interacts with protein peptide bonds to form a violet color in an alkaline medium. The amount of color
that forms is proportional to the total amount of protein in the sample and is measured photometrically
at 540 nm.

Estimation of superoxide dismutase (SOD): The method of autooxidation by pyrogallol was used by
Egbuonu et al.17. Pyrogallol autooxides rapidly in an alkaline solution generating superoxide ions. The SOD
inhibits its auto-oxidation dismutating the superoxide ions to hydrogen peroxide and molecular oxygen.
The activity of 50% inhibition by SOD was measured at 450 nm.

Determination of serum catalase: The Egbuonu et al.17 method was utilized to determine the catalase
activity. The idea behind this is that hydrogen peroxide can be split by catalase. The addition of the
dichromate/acetic acid reagent stopped the reaction after a predetermined amount of time. Dichromate
in acetic acid was reduced to chromic acetate and an unstable perchromic intermediate when heated in
the presence of hydrogen peroxide. By measuring the amount of chromic acetate produced at 610 nm,
the amount of hydrogen peroxide that was still present was ascertained.

Determination of reduced glutathione: Reduced glutathione was estimated using the Egbuonu et al.17

method. It entails giving compounds with sulfhydryl groups a yellow color by reacting them with the
Ellman’s reagent (5,5 Dithiobis(2-Nitrobenzoic Acid) (DTNB). At 412 nm, the absorbance is measured.
Estimation of extent of lipid peroxidation (malondialdehyde).

According to Wallin et al.18, spectrophotometric measurement of the lipid peroxidation product,
malondialdehyde (MDA), was used to estimate lipid peroxidation. When lipids break down, compounds
like pentane, ethane and malondialdehyde which are formed from the n-terminal carbons of three and
six fatty acids, respectively and fatty acids with two or more double bonds are produced. Thiobarbituric
acid and MDA combine to generate a reddish-pink complex that has a maximum absorption at 532 nm
in an acidic solution.

Statistical analysis: Data were analyzed by One-way Analysis of Variance (ANOVA) using Statistical
Package of Social Sciences (SPSS) software version 20.0 for windows. Results were expressed as
Mean±Standard Error (SE) and difference in mean tested using post hoc LSD. A level of p<0.05 was
considered significant.

RESULTS
The effects of ethanol extract of Daucus carota stalk on body weight in alloxan induced diabetic rats is
shown in Fig. 1. The result shows a significant increase in the body weight of animals across all the groups
from day 1 to 21. Group 1 weighed 100.54 g on day 1, 126.73 g on day 7  and  144.96  g  on  day  21.
Group 2 weighed 99.97 g on day 1, 120.07 g on day 7  and  120.95  g  on  day  21.  Group  3  weighed
114.63 g on day 1, 122.88 g on day 7 and 165.45 g on day 21.  Group  4  weighed  106.75  g  on  day  1,
137.81 g on day 7 and 159.68 g on day 21. Group 5 weighed 126.45 g on day 1, 145.47 g on day 7 and
168.54 g on day 21. Group 6 weighed 96.36 g on day 1, 105.86 g on day 7 and 111.72 g on day 21.

Figure 2 shows the effects of ethanol extract of Daucus carota stalk on blood glucose levels in alloxan
induced diabetic rats. There was an increase in blood glucose across the treated groups at 0 hr as
expected. However, a significant decrease was noticed across the groups co-treated Daucus carota stalk
extract and glibenclamide group with increase in time.
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Fig. 1: Effects of ethanol extract of Daucus carota stalk on body weight in alloxan induced diabetic rats

Fig. 2: Effects of ethanol extract of Daucus carota stalk on blood glucose levels in alloxan induced diabetic
rats

Table 1 shows the effects of ethanol extract of Daucus carota stalk on AST activity in alloxan induced
diabetic rats. Serum Aspartate Transaminase (AST) level was significantly (p<0.05) elevated in Group C
when compared to other groups. However, the highest reduction in activity was noticed in the group that
received 800 mg/kg as shown by percentrage of change relative to glibenclamide (-3.62%).

Table 2 shows the effects of ethanol extract of Daucus carota stalk on ALT activity in alloxan-induced
diabetic rats. The lowest activity was seen in the low-dose cotreated group even lower than the standard
drug as indicated by the percentage of change relative to glibenclamide (-2.38%).
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Table 1: Effects of ethanol extract of Daucus carota stalk on AST activity in alloxan-induced diabetic rats
Change relative Change relative to

Group AST to alloxan (%) glibenclamide (%)
A = Feed+water 28.67±0.76 -25.05 -14.32
B = Extract group (400 mg/kg b.wt., extract) 34.83±1.38 -8.94 4.09
C = Alloxan group (160 mg/kg b.wt.) 38.25±2.66 0.00 14.31
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 34.00±0.71 -11.11 1.61
E = Extract cotreated group (alloxan 160+800 mg kg of Daucus carota stalk) 33.25±0.48 -15.69 -3.62
F = Extract cotreated group (alloxan 160+3 mg kg of glibenclamide) 33.46±0.74 -12.52 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 2: Effects of ethanol extract of Daucus carota stalk on ALT activity in alloxan induced diabetic rats
Change relative Change relative to

Group ALT to alloxan (%)  glibenclamide (%)
A = Feed+water 10.50±0.40 -4.55 0.00
B = Extract group (400 mg/kg b.wt., extract) 10.83±0.31 -1.55 3.14
C = Alloxan group (160 mg/kg b.wt.) 11.00±0.14 0.00 4.76
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 10.25±0.63 -6.82 -2.38
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 11.00±0.41 0.00 4.76
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 10.50±0.29 -4.55 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 3: Effects of ethanol extract of Daucus carota stalk on ALP activity in alloxan induced diabetic rats
Change relative Change relative to

Group ALP to alloxan (%) glibenclamide (%)
A = Feed+water 11.13±0.34 5.50 2.77
B = Extract group (400 mg/kg b.wt., extract) 11.90±0.17 12.80 -9.88
C = Alloxan group (160 mg/kg b.wt.) 10.95±0.37 0.00 -2.53
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 10.90±0.38 3.32 0.65
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 10.98±0.17 4.08 1.39
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 10.83±0.15 2.65 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 4: Effects of ethanol extract of Daucus carota stalk on total bilirubin concentration in alloxan induced diabetic rats
Total Change relative Change relative to

Group billirubin to alloxan (%)  glibenclamide (%)
A = Feed+water 1.42±0.10 -18.39 5.18
B = Extract group (400 mg/kg b.wt., extract) 1.66±0.06 -4.60 22.96
C = Alloxan group (160 mg/kg b.wt.) 1.74±0.04 0.00 28.89
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 1.14±0.04 -34.48 -15.56
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 1.26±0.06 -27.58 -6.67
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 1.42±0.10 -22.41 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 3 shows the effects of ethanol extract of Daucus carota stalk on ALP activity in alloxan induced
diabetic rats. Alkaline Phosphatase (ALP) level was high in Group B compared to other groups. Compared
to  Group  C  (10.95±0.37),  ALP  level  in  Group  A  (11.13±0.34),  was  significantly  (p<0.05)  increased.
Group D, E and F showed no statistical significance.

Table 4 shows the effects of ethanol extract of Daucus carota stalk on total bilirubin in alloxan-induced
diabetic  rats.  The  results  showed  reduced  serum  concentrations  in  the  low  dose  co-treated  group
(400 mg/kg) as compared to the standard drug (glibenclamide).

Table 5 shows the effects of ethanol extract of Daucus carota stalk on total protein concentration in
alloxan-induced  diabetic  rats.  The  results  showed  reduced  serum  concentrations  in  the  low  dose
co-treated group (400 mg/kg) as compared to the standard drug (glibenclamide).

Table 6 shows the AST:ALT (ALT:AST) ratio of the ethanol extract of Daucus carota stalk on AST:ALT ratio
in alloxan-induced diabetic rats. The result indicates lowest change relative percentage to alloxan in the
normal group [-21.55 (27.59)] followed by the high dose [-15.80 (17.24)] while the highest was the low
dose [-4.60 (3.45)].
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Table 5: Effects of ethanol extract of Daucus carota stalk on total protein concentration in alloxan induced diabetic rats
Total Change relative Change relative to

Group protein to alloxan (%) glibenclamide (%)
A = Feed+water 6.40±0.21 29.82 4.92
B = Extract group (400 mg/kg b.wt., extract) 5.78±0.15 17.24 -5.25
C = Alloxan group (160 mg/kg b.w.t) 4.93±0.19 0.00 -19.18
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 6.05±0.18 22.72 -0.81
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 5.95±0.17 20.69 2.46
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 6.10±0.13 23.73 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 6: Effects of ethanol extract of Daucus carota stalk on AST:ALT ratio in alloxan induced diabetic rats
AST:ALT Change relative Change relative to

Group (ALT:AST) to alloxan (%) glibenclamide (%)
A = Feed+water 2.73 (0.37) -21.55 (27.59) -14.42 (19.35)
B = Extract group (400 mg/kg b.wt., extract) 3.22 (0.31) -7.47 (6.90) 0.94 (0.00)
C = Alloxan group (160 mg/kg b.wt.) 3.48 (0.29) 0.00 (0.00) 8.78 (-6.45)
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 3.32 (0.03) -4.60 (3.45) -4.08 (-3.23)
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 2.93 (0.34) -15.80 (17.24) -8.15 (9.67)
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 3.19 (0.31) -8.33 (6.90) 0.00 (0.00)
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 7: Effects of ethanol extract of Daucus carota stalk on AST:ALP ratio in alloxan induced diabetic rats
AST:ALP Change relative Change relative to

Group (ALP:AST) to alloxan (%) glibenclamide (%)
A = Feed+water 2.57 (0.39) -29.20 (39.29) -16.83 (21.88)
B = Extract group (400 mg/kg b.wt., extract) 2.89 (0.34) -20.39 (21.43) -6.47 (6.25)
C = Alloxan group (160 mg/kg b.wt.) 3.36 (0.28) 0.00 (0.00) 17.48 (-12.50)
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 3.12 (0.32) 14.05 (14.29) 0.97 (0.00)
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 2.94 (0.34) -19.01 (21.43) -4.85 (6.25)
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 3.09 (0.32) -14.88 (14.29) 0.00 (0.00)
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 8: Effects of ethanol extract of Daucus carota stalk on ALT:ALP ratio in alloxan induced diabetic rats
ALT:ALP Change relative Change relative to

Group (ALP:ALT) to alloxan (%) glibenclamide (%)
A = Feed+water 0.94 (1.06) -9.62 (10.42) -3.09 (2.91)
B = Extract group (400 mg/kg b.wt., extract) 0.91 (1.10) -12.50 (14.58) -6.19 (6.80)
C = Alloxan group (160 mg/kg b.wt.) 1.04 (0.96) 0.00 (0.00) 7.22 (-6.80)
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 0.94 (1.06) -9.62 (10.42) -3.09 (2.91)
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 1.00 (1.00) -3.84 (4.17) 3.09 (-2.91)
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 0.97 (1.03) -6.73 (7.29) 0.00 (0.00)
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 7 shows the AST:ALP (ALP:AST) change relative to alloxan and glibenclamide. The result indicated
that the change relative to alloxan was highest in the normal group [-29.20 (39.29)]  while  those  of  the
co-treated groups were in dose-dependent manner {[14.05 (14.29)] for low dose and [-19.01 (21.43)] for
high dose}.

Table 8 shows the ALT:ALP (ALP:ALT) ratio relative to alloxan and glibenclamide, respectively. Change
relative to extract group showed the highest change [-12.50 (14.58)] while the co-treated groups showed
dose-dependent relative change {[-9.62 (10.42)] for low dose and [-3.84 (4.17)]} for high dose.

Table 9 shows the effects of ethanol extract of Daucus carota stalk on in vivo antioxidant assay (GSH) in
alloxan-induced diabetic rats. The results show reduced antioxidant figures in the extract co-treated
groups when compared to the glibenclamide group as indicated by a negative percentage change relative
to glibenclamide.
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Table 9: Effects of ethanol extract of Daucus carota stalk on GSH concentration in alloxan induced diabetic rats
GSH Change relative Change relative to

Group (mg/dl) to control (%) glibenclamide (%)
A = Feed+water 2.52±0.08 9.57 -13.99
B = Extract group (400 mg/kg b.wt., extract) 2.35±0.13 2.17 -19.80
C = Alloxan group (160 mg/kg b.wt.) 2.30±0.04 0.00 -21.50
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 2.63±0.11 14.35 -10.24
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 2.75±0.06 19.57 -6.14
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 2.93±0.05 27.39 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 10: Effects of ethanol extract of Daucus carota stalk on superoxide dismutase activity in alloxan induced diabetic rats
SOD Change relative Change relative to

Group (IU/L) to control (%) glibenclamide (%)
A = Feed+water 1.09±0.01 -0.91 -8.40
B = Extract group (400 mg/kg b.wt., extract) 1.08±0.01 -1.82 -9.24
C = Alloxan group (160 mg/kg b.wt.) 1.10±0.01 0.00 -7.56
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 1.13±0.01 2.73 -5.04
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 1.15±0.01 4.55 -3.36
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 1.19±0.00 8.18 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 11: Effects of ethanol extract of Daucus carota stalk on total protein concentration in alloxan induced diabetic rats
CAT Change relative Change relative to

Group (IU/L) to alloxan (%) glibenclamide (%)
A = Feed+water 1.33±0.02 31.68 12.71
B = Extract group (400 mg/kg b.wt., extract) 1.22±0.06 20.79 3.39
C = Alloxan group (160 mg/kg b.wt.) 1.01±0.09 0.00 -15.41
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 1.15±0.02 13.84 -2.54
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 1.15±0.01 13.84 -2.54
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 1.18±0.01 16.83 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

Table 12: Effects of ethanol extract of Daucus carota stalk on malondialdehyde (MDA) concentration in alloxan induced diabetic rats
MDA Change relative Change relative to

Group (mg/mL) to alloxan (%) glibenclamide (%)
A = Feed+water 5.58±0.08 -12.13 9.20
B = Extract group (400 mg/kg b.wt., extract) 5.97±0.21 -5.98 16.83
C = Alloxan group (160 mg/kg b.wt.) 6.35±0.21 0.00 24.27
D = Extract cotreated group (alloxan 160+400 mg/kg of Daucus carota stalk) 5.38±0.17 -15.28 5.28
E = Extract cotreated group (alloxan 160+800 mg/kg of Daucus carota stalk) 5.13±0.02 -19.21 16.83
F = Extract cotreated group (alloxan 160+3 mg/kg of glibenclamide) 5.11±0.10 -19.53 0.00
Values are Mean±SEM for n = 4, Difference is considered statistically significant at p<0.05, +: Higher and -: Lower

The result for the SOD activity (Table 10) showed a dose-dependent increase in the SOD activity compared
to that of the alloxan group. This is further buttressed by a dose-dependent increase in the percentage
change relative to alloxan group (2.73) for low doses and (4.55) for high doses.

The result for CAT activity (Table 11) showed increased CAT activity in the co-treated groups compared
to the alloxan group. The change relative to alloxan group also indicated a positive change.

The MDA (Table 12) in the co-treated groups were all within a comparable range as compared to the
glibenclamide and were all lower than the untreated group. The calculation for change relative to alloxan
showed a dose-dependent decrease (-15.28) for low doses and (-19.21) for high doses.

Photomicrograph plates: The liver section (Fig. 3) of the control group showed random, multifocal areas
of necrosis (arrow) with no infiltration of inflammatory leucocytes.
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Fig. 3: Photomicrograph  of  the  rat  liver  cross-section  of  Group  A  (control  group)  feed  and  water
(Mag ×400)

Fig. 4: Photomicrograph of the rat liver cross-section of Group B (received 400 mg/kg of Daucus carota
stalk extract) (Mag ×400)

Section of the liver for the extract group (Fig. 4) showed no periportal vacuolar degeneration of the
hepatocytes.   This   show   clear   vacuoles   which  do  not  displace  the  nucleus  in  their  cytoplasm
central vein (V) and portal area (P).

The liver section of the diabetic group (Fig. 5) showed a mild vacuolar degeneration of the hepatocytes.
Affected hepatocytes appear swollen and show multiple coalescent clear vacuoles which displaced the
nucleus in their cytoplasm.

The liver section of the animals co-treated alloxan with 400 mg/kg (Fig. 6) showed the normal hepatic
histo-architecture.

The liver section of animals co-treated alloxan with 800 mg/kg Daucus caroto stalk (Fig. 7) showed
cytoplasmic vacuoles which do not displace the nuclei.
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Fig. 5: Photomicrograph  of  the  rat  liver  cross-section  of  Group  C  untreated  diabetic  rats  (alloxan
160 mg/kg) (Mag ×400)

Fig. 6: Photomicrograph  of  the  rat  liver  cross-section  of  Group  D  treated  diabetic  rats  (alloxan
160+400 mg/kg of Daucus carota stalk extract) (Mag ×400)

Fig. 7: Photomicrograph of the rat liver cross-section of Group E treated diabetic rats (alloxan+800 mg/kg
of Daucus carota stalk extract) (Mag ×400)
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Fig. 8: Photomicrograph  of  the  rat  liver  cross-section  of  Group  F  treated  diabetic  rats  (alloxan
160+3 mg/kg of standard anti-diabetic drug) (Mag ×400)

The liver section of animals co-treated alloxan with 3 mg/kg standard drug (Fig. 8) did not show any
significant histopathological lesion. Central vein (V), portal area (P), normal renal tubule (RT), H&E×100
and ×400.

DISCUSSION
The result indicated that Daucus carota stalk showed antihyperglycemic effects on aloxan-induced animals.
It also showed reduced liver enzyme activities (AST, ALT and ALP) which is indicative of positive
ameliorative effects on the hepatotoxicity induced by alloxan. This is further buttressed by the
histomorphological result which showed improved liver  architecture  in  the  histographs  of  the  groups
co-treated different concentrations of Daucus carota stalk extract. The result also showed that the extract
has antioxidant potential hence, improved serum antioxidant activities were seen in the cotreated groups
as compared to the alloxan group.

Sustained hyperglycaemia is implicated as an indicator of the onset of diabetes mellitus19. Green leafy
vegetables may enhance falls in body weights usually seen in diabetic animals20,21. The effect of the extract
on the blood glucose level of the diabetic rats also compared  favourably  with  that  of  glibenclamide,
a standard anti-diabetic and hypoglycaemic agent used thus agreed with the report of  Ranjbar  et  al.22.
The observed hypoglycaemic property may be indicative that the extract may contain active compounds
with hypoglycaemic properties and may have achieved this hypoglycaemic property through increased
peripheral utilization or increased insulin secretion23, inhibition of endogenous gluconeogenesis or
inhibition of intestinal glucose absorption24.

The major enzymes assayed for diagnosis of hepatic injuries include AST, ALT and ALP with ALT being
implicated as the most specific for hepatic assault25. An increase in the activity of these enzymes could be
an indication of hepatic injuries26. Abnormality of the sodium pump caused by anorexia leads to outflow
of fluid and membrane porosity thus, leakage of isoenzymes leading to increased serum isoenzymes
concentration27. The lower percentage change relative to glibenclamide; a standard antidiabetic drug
could  be  indicative  of  the  ameliorative  effect  of  the  extract.  The  reduction  in  the  serum  activity
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at 400 mg/kg more than that of the standard drug could be indicative of ameliorative effects thus
confirmed by the histomorphologal structure display which shows an improved architectural structure of
the hepatocytes compared to the damaged structure observed in the untreated group. This was in
agreement with the finding of Obidike et al.28 which states that reduced serum hepatic enzymes are
indicative of improved hepatic function. Improved hepatic architecture by the extracts inhibits the outflow
of the hepatic enzymes (ALT and AST) which are intracellular enzymes leading to their reduced serum
activity, hence its reduced activity is indicative of ameliorative effect of extracts.

In tissue wasting, protein synthesis in cells is usually disturbed leading to eventual weight gain28. This may
be the reason behind the low total protein level observed in the diabetic untreated rats. The increase in
total protein as observed in the treatment groups also suggests improvement in glucose usage hence
reduced tissue wasting.

The trend observed in the computed ratio ratios (AST:ALT, AST:ALP and ALT:ALP)  indicated  a  lower
change (%) relative to glibenclamede suggesting possible superior potency at the extract concentrations
in the management of the hepatic assault ditched by alloxan. This sequence is seemingly supported by
the micrograph showing ameriolative conditions of the hepatocytes following concomitant exposure
Daucus carota stalk extract exposure with alloxan.

It is well-known that oxidative stress and reactive oxygen species (ROS) are involved in the pathogenesis
of ethanol-induced gastric ulcers and other diseases29. The three main classes of antioxidant enzymes
found  in  all  body  cells  are  glutathione  peroxidases  (GPX),  superoxide  dismutases  (SOD)  and
catalases (CAT). These enzymes are essential for preserving cell homeostasis and their induction indicates
a particular reaction to oxidative stress caused by pollutants30. The dose-dependent increase in the activity
of the serum antioxidants (SOD, CAT and GSH) could be indicative of the high antioxidant potential of the
extract. This is further buttressed by negative ratios relative to the alloxan groups which further explain
the high degree of ameliorative effects of the extract on the imbalanced prooxidant-ROS ratio. The extract
possibly moped up the reactive oxygen species hence, leaving the enzymes in their free form which is
detected as increased activity.

The MDA, as an end product of lipid peroxidation, has been used as a biomarker to measure oxidative
stress in various biological samples such as blood, urine and exhaled breath condensate (EBC) in patients
affected by a wide range of diseases, including cancer, cardiovascular, pulmonary and neurodegenerative
diseases31. The significance increase in the MDA of the group that received alloxan could be an indication
of lipid peroxidation. This conforms to the theory that alloxan induces toxicity through the generation of
reactive oxygen species and hence, oxidative stress. The dose-dependent decrease in the concentration
of MDA across the groups that were co-treated with different concentrations could be indicative of the
anti-peroxidative potential of the plant. This feat could be attributed to the high antioxidant properties
associated with carrots hence, it mopped out the reactive species which reduced the peroxidation caused
by the free radicals leading to reduced MDA concentration as seen across the co-treated groups.

CONCLUSION
The effect of Daucus carota stalk extract on the blood glucose level of the diabetic rats compared
favourably with that of glibenclamide which is a standard drug. In the biochemical assays, the extract
showed higher ameliorative properties as indicated by a negative percentage of change in relation to
glibenclamide. Thus, it could be concluded that Daucus carota stalk extract has antidiabetic potential and
has ameliorative effects on hepatic assault observed in alloxan-induced diabetic rats possibly by a
mechanism of its antioxidant properties.
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SIGNIFICANCE STATEMENT
This study discovers the effects of carrot (Daucus carota) stalk on blood glucose levels, biochemical
functions and serum antioxidant activity in alloxan-induced diabetic rats. This study will help the
researcher to uncover areas of biochemical and antioxidant activities of carrot stalk in alloxan-induced
diabetes which many researchers were not able to explore. Thus a new theory on the pharmacological
potential of carrot (Daucus carota) stalk could be arrived at.
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