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Abstract

Diabetes mellitus type 2 remains one of the common diseases nowadays. Several risk factors can be implicated like increased
environmental pollution. This study is aimed at evaluating the toxic effect of aflatoxin on diabetes mellitus and possible
protection using natural food like radish microgreen (RM). Forty-eight male rats were randomly assigned to 8 groups: G1
control group, G2 RM group, G3 aflatoxin group, G4 aflatoxin-RM group, G5 diabetic group, G6 diabetic RM group, G7
diabetic—aflatoxin group, G8 diabetic, aflatoxin, RM group. Phytane and citronellyl tiglate were the main phytochemicals
present in RM. The glucose and insulin levels were the worst in G5 and G7 groups. RM feeding restored glucose level to
normal but did not alter insulin level. Insulin resistance was decreased, and insulin sensitivity was increased in groups fed
RM. Liver and kidney function parameters and LDH activity were improved in groups fed RM. Histopathology of the pan-
creas and immunohistochemistry of insulin in pancreatic islets was improved in groups fed RM. In RM fed groups, the MDA
content was decreased, whereas GSH content and antioxidant enzymes activity were increased. In conclusion, feeding RM
in diabetic and/or aflatoxicated groups improved all evaluated parameters which could be due to its antioxidant potential.
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Introduction which results in oxidative stress and cell injury (Giacco and

Brownlee 2010). Aflatoxin is a toxic carcinogen, and muta-

Many chronic diseases like diabetes mellitus type 2 became
prevalent in recent years. A lot of risk factors are being
investigated for their potential role in the development of
such diseases (Fletcher et al. 2003). Diabetes mellitus has
a deleterious effect on many organs including retinopathy,
nephropathy, and/or neuropathy (Emerging Risk Factors
Collaboration et al. 2010). The mechanism of damage in
DM was mainly due to the overproduction of free radicals
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gen is a common food contaminant due to inefficient food
preservation (Bennett and Klich 2003). Aflatoxin B1 (AFB1)
mediates its toxicity mainly by oxidative stress and AFB1-
Exo 8,9-epoxide metabolite produced during its metabolism
(Benkerroum 2020). The association of aflatoxicosis and
diabetes mellitus was referred to in previous studies which
indicated the aggravation of DM adjunct with a low dose of
aflatoxin (Mohamed et al. 2022).

Diet modification with natural food rich in antioxidants
would help significantly in lowering the injurious effect of
DM and aflatoxicosis. Red radish “Raphanus sativus” fam-
ily “Brassicaceae” is a radical crop that is eaten raw, pick-
led, or cooked (Otsuki et al. 2004; Tamura et al. 2010).
Red radish is rich in important vitamins and minerals
(folic acid), anthocyanins, potassium (K), calcium (Ca),
copper (Cu), iron (Fe), phosphorus (P), zinc (Zn), antho-
cyanins, fiber, and antioxidants making it a potential can-
didate in avoiding cardiovascular diseases, dyslipidemic
conditions, and hypoglycemic influences (Kim et al. 2014;
Anna et al. 2016; Khedr and El Sheikh 2016). Vivarelli
et al. (2016) suggested that radish juice could be a good
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nutraceutical product with efficient antioxidant, hypolipi-
demic, and anti-obesity effects.

Therefore, this study was done to evaluate the effect of
radish microgreen on insulinemia, biochemical alteration,
oxidative stress, and histopathological lesions induced by
DM and/or aflatoxicosis.

Materials and methods
Microgreens of radish

Its microgreens (RM) grown in an open field and harvested
at the fully expended green cotyledons stage which was 14
days from seed soaking, washing, and hulling (Abdallah
2008). Harvested RM was air-dried for 3 days according
to previous study (Dzowela et al. 1995) and ground into
powder. The phytochemical compounds present in RM
powder were determined according to a previous method
using gas chromatography-mass spectrometry GC/MS
technique (Santana et al. 2013). The analysis was con-
ducted using a GC (Agilent Technology 7890A) coupled
with a mass selective detector (MSD, Agilent 7000 Triple
Quad) equipped with Agilent HP-5 ms capillary column.
The identification of components was based on a compari-
son of their mass spectra with the authentic compounds
and by computer matching with the NIST library as well
as by comparison of the fragmentation pattern of the mass
spectral data with those registered in the literature. All
local, national, or international guidelines and legislation
were adhered to use of plants in this study.

Aflatoxin preparation

Aspergillus flavus strain (NRRL 3357) (laboratory of
mycotoxin, National Research Center, Dokki, Cairo) was
grown on slants of prepared Czapek’s agar media (Davis
et al. 1966) and incubated at 25-29 °C for 9 days. Then,
the 9-day-old Aspergillus flavus spores were incubated in
a cooled sterilized flask containing prepared liquid yeast
medium for 9 days at 25-29 °C. The filtrate was stored in
tightly wrapped bottles in aluminum foil at 4 °C. Based
on the Association of Official Analytic Chemists (AOAC)
method, total aflatoxin concentration was measured using a
slightly modified immunoaffinity method (Trucksess et al.
1991) in a pre-calibrated VICAM Series-4 fluorometer set
at 360 nm excitation and 450 nm emission. Aflatoxin was
recognized by a modification of the HPLC — AFLATEST
procedure Agilent 1200 series USA (HPLC equipment
with two pumps, column C18, Lichrospher 100 RP-18).
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Animals

Male rats were purchased from the National Research
Center (El Dokki, El Giza, Egypt), housed in plastic cages
(3 rats per cage), and acclimated for two weeks. Animals
were had free access to water and fed a pelleted diet. The
temperature and relative humidity were adjusted at 25 + 2
°C, 50-60%, respectively. This study was granted ethical
approval by the Institutional Animal Care and Use Commit-
tee, Faculty of Veterinary Medicine, Cairo University (Vet
CU01102020224). The study is reported in accordance with
ARRIVE guidelines.

Induction of type 2 diabetes mellitus

To induce diabetes, rats were fed with a high-fat diet
ad libitum for 2 weeks and then injected with a low dose of
streptozotocin (STZ) (single dose of 30 mg kg™!) (Zhang
et al. 2008). The fasting blood glucose levels of all the rats
are measured after seven days. Diabetic rats with blood
glucose levels > 200 mg dL~! were chosen for further
experimentation.

Diets and their preparation

Four different diets were formulated: a control diet accord-
ing to the AIN-76, a radish microgreen (RM) diet with 10%
RM powder replacing corn starch, an HFD with 20% palm
oil, and an HF and RM diet with 20% palm oil and 10% RM
(Table 1). Diets were manufactured into pellets.

Experimental design

Forty-eight male albino rats were randomly assigned to 8
groups (6 rats each). G1 is a normal control. G2 rats were

Table 1 Composition of diets

Ingredients Control diet RM diet High-fat diet High-fat
and RM
diet

Casein 20.0 20.0 20.0 20.0

Corn starch 65.0 55.0 50.0 40.0

Mineral mix? 35 3.5 35 3.5

Vitamin mix* 1.0 1.0 1.0 1.0

DL-methionine 0.3 0.3 0.3 0.3

Choline bitartrate 0.2 0.2 0.2 0.2

Cellulose powder 5.0 5.0 5.0 5.0

Palm oil 5.0 5.0 20.0 20.0

Radish microgreen - 10.0 - 10.0

'Weight percentage; “based on AIN-76
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Table 2 Phy.toch(?mica.l No R.T Compound name Area sum %

compounds identified in the

ethanolic extract fractionation 1 973 2-Hexadecanol 0.42

gi’ %gg?ls[;n radish microgreen 2 12.29 Hexa-hydro-farnesol 0.7
3 12.40 Phytanic acid 3.68
4 12.61 Phytol 0.64
5 12.77 Phytol, acetate 1.83
6 13.37 Stigmasterol acetate 0.61
7 13.43 6,4'-Dimethoxy-7-hydroxyisoflavone 4.32
8 13.56 4’ 6-Dimethoxyisoflavone-7-O-f-D-glucopyranoside 0.75
9 13.76 7,3'-Dimethoxy-3-hydroxyflavone 5.49
10 13.86 4'-Acetoxy-7-hydroxy-6-methoxyisoflavone 0.5
11 14.35 9-cis-Retinoic acid 2.46
12 14.62 Isolongifolol 0.46
13 14.74 Citronellyl tiglate 9.89
14 15.57 Geranyl isovalerate 0.47
15 16.24 1-Dodecanol, 3,7,11-trimethyl 0.99
16 17.50 Tetradecanethiol 0.68
17 17.68 Squalane 3.39
18 18.12 B-Citronellol 0.45
19 18.96 Crocetane 1.28
20 20.04 Farnesan 1.53
21 20.49 Norphytan 14.97
22 20.85 3-(3,4-Dimethoxyphenyl)-4-methylcoumarin 0.46
23 21.56 Ascorbic acid 5.76
24 22.85 Phytane 38.27

fed an RM diet. G3 rats were given aflatoxin (30 pg/kg) 3
days/week orally. G4 rats were given aflatoxin and fed RM.
G5 is diabetic rats fed a high-fat diet (HFD). G6 is diabetic
rats fed HFD with RM. G7 is diabetic rats fed HFD and
given aflatoxin. G8 is diabetic rats fed HFD with RM and
administered aflatoxin orally. All rats were weighed at the
beginning and end of the experiment to record the initial
weight and final weight, respectively. Bodyweight (BW) =
final weight-initial weight. Bodyweight gain was calculated
by the following equation: BWG/100 g = BW/initial weight
*100. The animals were euthanized after 6 weeks.

Determination of glucose level in plasma

Glucose level measured in plasma by enzymatic and calo-
rimetric method (Trinder 1969) in which glucose oxidase
(GOD) catalyzed the oxidation of glucose to gluconic acid.

Determination of serum insulin hormone

A rat insulin ELISA (Thermo Fisher Scientific, Waltham,
MA) was used to measure serum insulin according to
manufacturer protocol (Temple et al. 1992). An ELISA
reader was used to read the plate at 450 nm. A stand-
ard curve was constructed using the absorbance values

Table 3 Body weight gain of rats at the end of 6-week experimental
period

Treatment Initial weight (G) Final weight (g) BWG/L % of
control (G1)

G1 control 118.8 £ 8.91 200.57 + 10.94 100

G2 Radish 111.42 +8.71 199.70 + 16.14 115

G3 aflatoxin 12440 + 14.09 168.78 £ 6.35 52

G4 aflatoxin RM  124.83 + 8.07 197.05 £ 13.50 84

G5 STZ 124.80 + 14.39 13227 +2.77 9

G6 STZ-RM 11937 £ 14.05 12849 + 13.71 11

G7 STZ-aflatoxin 135.73 + 18.69

G8 STZ-afla- 129.21 + 11.01
toxin-RM

9333 +17.68 —45
101.60 +0.48  -31

RM radish microgreen, BW body weight, BWG body weight gain. All
values are represented as mean + S.D. Means with different letters
superscripts are significantly different (p < 0.05)

obtained for the standards against the insulin concentra-
tion on a log-log paper. Using the standard curve, the
insulin concentration of the samples was calculated.

HOMA - 1R = [fasting insulin (mU/L) X fasting;glucose (mg/dL) X 0.0555]/ 22.5
HOMA - %B = [20 X fasting insulin (mU/L)] /
[fasting glucose (mg/dL) x 0.055) — 3.5]
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Table 4 Blood glucose and
insulin levels in different
experimental animal groups
at the end of the experimental
period

Table 5 Homeostatic model
assessment of p-cell function
(HOMA-B), homeostatic model
assessment of insulin resistance
(HOMA-IR), homeostatic
model assessment of insulin
sensitivity (HOMA-% S), and
disposition index (DI) of the
experimental rats

Groups Treatment Blood glucose Blood insulin
mg/dL m mol/dL mu/L ng/L

Gl Control 100 + 8.1° 5.56 + 0.45° 7.37 + 0.44% 1.84 + 0.08*
G2 RM 99 +9.0° 5.50 + 0.50° 7.53 +0.51* 1.88 + 0.09*
G3 Aflatoxin 131 + 11.1° 7.28 +0.62° 6.67 + 0.42% 1.67 + 0.08%®
G4 Aflatoxin RM 114 +10.29 6.33 +0.57¢ 6.89 + 0.33%° 1.72 + 0.09%°
G5 STZ 150 + 8.2° 8.33 + 0.46° 6.20 + 0.41° 1.55 + 0.08°
G6 STZ RM 126 + 7.7 7.00 + 0.43%¢ 6.33 +0.32° 1.58 + 0.09°
G7 STZ aflatoxin 176 + 8.3% 9.78 + 0.46 5.70 + 0.39° 1.43 + 0.09°
G8 STZ, aflatoxin, RM 148 +9.2° 8.22 +0.51° 5.80 + 0.30° 1.45 +0.10°
RM radish microgreen. All values are represented as mean + S.D. Means with different letters are signifi-
cantly different (p < 0.05)
Groups  Treatment HOMA-B HOMA-IR HOMA-%S Disposition index

Value Value Value value
Gl Control 7155+ 6.61°  1.82+0.12°  5495+441° 0393 +0.031°
G2 RM 7530 +£7.02°  1.84+0.18  54.35+452° 0409 +0.032°
G3 Aflatoxin 3529 +3.12°  2.16+020° 4730 +4.18°  0.167 +0.011°
G4 Aflatoxin RM 48.62 +3.31°  1.94+0.16° 51.55 +4.82*°  0.251 +0.018°
G5 STZ 2567 +241¢  230+0.19° 4348 +434>  0.112 +0.010
G6 STZ-RM 36.17 £2.98° 197 +0.18*  50.76 +4.67°  0.184 +0.014°
G7 STZ-aflatoxin 1815+ 1.12° 248 +021*  4032+3.98"  0.073 + 0.006°
G8 STZ-aflatoxin-RM  24.58 +2.13%  2.12+0.20°  47.17 +4.13"  0.116 £ 0.012¢

RM radish microgreen. All values are represented as mean + S.D. Means with different letters are signifi-
cantly different (p < 0.05)

Table 6 Liver function enzymes, total bilirubin, and total protein in different groups

Treatment AST(U/L) ALT (U/L) ALP (U/L) Bilirubin total (mg/dL) T.protein (g/dL)
G1 control 124.83 + 10.12¢ 64.83 +5.77° 722.50 + 20.26¢ 0.51 +0.07¢ 6.86 + 0.09*
G2 RM 121.11 +£9.23¢ 53.17 + 4.75¢ 782.50 + 80.24¢ 0.53 +0.07% 7.35+0.18°
G3 aflatoxin 247.67 + 9.29% 93.17 + 5.84° 1268.67 + 101.54* 0.71 = 0.09" 6.43 +0.13°
G4 aflatoxin RM 143.33 + 1.61¢ 78.00 + 2.65° 884.00 + 73.74¢ 0.80 + 0.22%® 6.13 £ 0.74°
G5 STZ 189.50 + 6.06° 71.83 + 2.84% 980.50 + 17.50° 0.77 + 0.16™® 6.13 +0.28°
G6 STZ- radish 152.17 + 4.86% 52.17 + 3.25¢ 805.33 + 53.46° 0.62 +0.15° 6.63 + 0.50°
G7 STZ-aflatoxin 322.00 + 12.12° 125.00 + 6.06* 1303.67 + 117.27° 0.89 + 0.02* 5.86 + 0.95°
G8 STZ- aflatoxin RM 174.33 + 4.62° 79.33 +2.08° 882.33 + 75.08¢ 0.57 +0.10° 5.98 +0.31°

All values are represented as mean + S.D. Means with different letters are significantly different (p < 0.05)
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Table7 Kidneys function Treatment LDH activity (U/L) Urea (mg/dL) Creatinine (mg/dL)
enzymes and lactate
dehydrogenase (LDH) in Gl control 1388.50 + 29.50° 39.67 + 1.44° 0.61 £0.11¢
different groups G2 RM 1292.83 + 55.65¢ 41.17 + 4.04° 0.74 + 0.01°

G3 aflatoxin 2136.67 +91.12° 5217 +9.17° 0.81 +£0.19*

G4 aflatoxin-RM 1754.00 + 5.77° 52.33 + 4.50° 0.74 + 0.14°

G5 STZ 1743.17 + 58.31°¢ 40.67 +2.13° 0.71 + 0.08°

G6 STZ- RM 1429.50 + 38.15¢ 37.00 + 3.50° 0.71 £ 0.12°

G7 STZ-aflatoxin 2426.00 + 77.74* 41.00 + 2.00° 0.80 + 0.06*

G8 STZ-aflatoxin-RM 1433.00 + 36.68¢ 39.67 +0.58° 0.68 + 0.25°

All values are represented as mean + S.D. Means with different letters are significantly different (p < 0.05)

Fig. 1 Pancreas of rats showing islets of Langerhans in (a) control
group, b RM group, ¢ aflatoxin group, d aflatoxin and RM group, e
STZ group, £ STZ and RM group, g STZ and aflatoxin group, and
h STZ, aflatoxin, and BM. Hematoxylin and eosin stain (X200).
i-p Pancreas of rats showing insulin-positive beta cells in islets of

Langerhans in (i) control group, j RM group, k aflatoxin group, 1 afla-
toxin and RM group, m STZ group, n STZ and RM group, o STZ and
aflatoxin group, and p STZ, aflatoxin, and RM. Immunoperoxidase

stain (x400)
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Fig.2 Area % of insulin-positive cells in the islets of Langerhans of
the pancreas of different groups. G1: control group, G2: RM group,
G3: aflatoxin group, G4: aflatoxin and RM group, G5: STZ group,
G6: STZ and RM group, G7: STZ and aflatoxin group, and G8: STZ,
aflatoxin and RM. Columns bearing different superscripts are signifi-
cant at p < 0.05

N

HOMA — %S[1/HOMA —IR]| x 100
Disposition index 1 = (HOMA - %S/100)
X (HOMA — %B/100)

Determination of liver function

Serum AST, ALT, and ALP activity in addition to total bili-
rubin and total protein concentration were determined based
on previous methods (Reitman and Frankel 1957; Belfield
and Goldberg 1971; Walter and Gerarde 1970; Gornnall et al.
1949).

Determination of kidney function parameters
and LDH

Serum lactate dehydrogenase activity (LDH) and serum urea
and creatinine were estimated following previous methods
(Naithani and Singh 2006; Fawcett and Scott 1960; Moore
and Sharer 2017).

Histopathology

Specimen of pancreas, liver, and kidneys of rats was fixed
in 10% neutral buffered formalin and processed by paraf-
fin embedding technique. Tissue sections 4-um-thick were
stained by hematoxylin and eosin stain, examined by light
microscopy, and photographed using a digital camera (Olym-
pus XC30, Tokyo, Japan).

@ Springer

Immunohistochemistry

Anti-insulin antibodies (Invitrogen, Thermo-Fisher Scientific,
USA) and the avidin-biotin-peroxidase complex according to
kit manufacturer protocol (Dako, North America, Inc., MI,
USA) were used to detect insulin in paraffin-embedded tissue
sections of the pancreas. 3,3'-diaminobenzidine was used as
a substrate. Image J software was used to measure the area %
of positive insulin in beta cells of the pancreatic islets in three
photos/rats in each group at a 400X magnification power.

Determination of oxidative stress in liver

Reduced glutathione (GSH), malondialdehyde (MDA), super-
oxide dismutase (SOD) activity, and catalase (CAT) activity
were assessed in liver homogenate following previous meth-
ods (Beutler et al. 1963; Nishikimi et al. 1972; Ohkawa et al.
1979; Aebi 1984).

Statistical analysis

A statistical package for the social science program version
was used to detect standard deviation and standard error (Kin-
near and Gray 1999). A significant difference between means
of treatment was detected by LSD (least significant difference)
(Waller and Duncan 1969). The area % of insulin-positive
cells was evaluated for homogeneity and analyzed by the
ANOVA test followed by Tamahne’s test and Duncan’s test
to detect significance between groups.

Results and discussion

RM was found to contain phytane as the major natural phyto-
chemical (38.27%) which is one of the essential oils possess-
ing an antioxidant property (Table 2) (Kamali et al. 2015).
Citronellyl tiglate was also reported to have antibacterial, anti-
fungal, antioxidant, and anti-inflammatory properties (Cavar
and Maksimovic 2012). Moreover, squalene (SQ), a natural
compound, is a precursor of various hormones in animals and
sterols in plants which reduces skin damage by UV radiation,
LDL levels, and cholesterol in the blood, in addition to pre-
venting cardiovascular diseases (Lozano-grande et al. 2018).

Bodyweight gain
The body weight gain (BWG) of rats was the least in the

STZ-aflatoxin group followed by the STZ-aflatoxin-RM
group, STZ group, and STZ-RM group. The injection



Environmental Science and Pollution Research (2023) 30:98389-98399

98395

with STZ in rats as recorded previously results in a
severe decrease in body weight (Zafar and Naqvi 2010).
The BWG in the AF group was also reduced compared
to the control; however, it was partially restored in the
aflatoxin-RM group. The highest BWG was recorded in
the RM group which might be due to the beneficial effect
of radish microgreen on body metabolism (Table 3).

Blood glucose and insulin level

The glucose level was increased significantly in rats of
all groups receiving aflatoxin and/or injected with STZ
compared to control and RM groups. The highest sig-
nificant increase in glucose level was in diabetic rats
fed aflatoxin. However, the glucose level was decreased
significantly in the groups fed RM compared to their
counterparts not fed RM. The hypoglycemic effect of
radish was attributed to the insulin-like components (e.g.,
polyphenolic substances or glucosidase-inhibiting com-
ponents present in its water-soluble extract) (Taniguchi
et al. 2007).

The insulin level was significantly reduced in the groups
injected with STZ, especially in the aflatoxin-STZ group
compared to the control and RM group, and slightly
decreased in groups fed aflatoxin (G3 and G4). Feed-
ing RM did not improve the insulin level significantly in
treated groups (G4, G6, and G8) (Table 4). This indicates
that radish microgreen reversed the hyperglycemia without
increasing the insulin secretion. The radish was believed
to have an anti-diabetic property as it endorses glucose
uptake and energy metabolism, reduces glucose absorp-
tion in the intestine, and improves the hormonal-induced
glucose hemostasis (Banihani 2017).

Homeostatic model assessment

The validation of HOMA-IR to determine insulin-resist-
ance in Wistar rats was assured previously (Antunes
et al. 2016). In the current study, p-cell function was
significantly decreased in groups injected with STZ and/
or fed aflatoxin, especially in the aflatoxin-STZ group.
On the other hand, the p-cell function was significantly
restored partly in the groups fed RM. The insulin resist-
ance was significantly increased in the groups injected
with STZ and/or fed aflatoxin, whereas it was compara-
ble to control in the groups fed RM (G4 and G6). Insulin
sensitivity was significantly decreased in the STZ group
especially in the STZ-aflatoxin group, whereas it was
improved in the groups fed RM with aflatoxin and/or
injected with STZ and became comparable to control.
The deposition index in groups injected with STZ and/
or fed aflatoxin was significantly decreased particularly

in the STZ-aflatoxin group. In contrast, RM feed sig-
nificantly increased the deposition index in groups fed
aflatoxin with or without STZ injection (Table 5). These
results suggests that radish microgreen has an antidia-
betic property which is mainly due the amelioration of
insulin sensitivity and not by increasing insulin secretion
as indicated in previous research (Taniguchi et al. 2006).

Liver function parameters

The liver function enzymes and total bilirubin were
significantly increased, whereas total protein was sig-
nificantly decreased in groups receiving aflatoxin and/
or STZ with the highest increase in G7 (aflatoxin and
STZ). On the other side, diabetic and/or aflatoxicosis rats
fed RM (G4, G6, and G8) showed a significant decrease
in liver function enzymes compared to their counter-
parts. Total bilirubin was also decreased significantly,
and total protein was significantly increased in treated
groups except for G4 (aflatoxin-RM) (Table 6). A pre-
vious study also showed that radish improved the liver
function parameters in rats (Lee et al. 2012).

Kidney function parameters and LDH activity

Rats receiving aflatoxin and/or STZ showed increased LDH
activity with the highest increase in G7. Urea and creatinine
concentrations were significantly elevated in aflatoxicated
groups (G3 and G7). Feeding RM to diabetic and/or afla-
toxicated rats decreased significantly creatinine and urea
concentration in G4 and G8 and LDH activity in G4, G6, and
G8 (Table 7). It was also reported before that radish extract
improved the kidney function parameters due to toxicity (Salah-
Abbes et al. 2008).

Histopathological and immunohistochemical
findings in pancreas

In the control group (G1) and RM group (G2), pancreas
microscopy of rats revealed normal islets of Langerhans and
pancreatic acini (Fig. 1a and b). On the other hand, the islets of
Langerhans were of moderate-size with irregular boundaries
and show cellular degeneration (Fig. 1c). Aflatoxin causes oxi-
dative stress which particularly adversely affects f§ cells as they
have a low levels of antioxidant enzyme expression (Kaneto
et al. 2005). Radish microgreen in G4 improved the histopathol-
ogy of Langerhans’ islets compared to G3 (Fig. 1d). Previous
studies showed that natural compounds can protect the pancreas
against aflatoxin damage (Mohamed et al. 2022 ; Abdel-Latif
et al. 2017). This could be due to the rich content of radish with
antioxidant compounds which might have protected the f cells.
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Fig.3 a-h histopathological structure of liver of rats in (a) control
group, b RM group, c aflatoxin group, d aflatoxin and RM group, e
STZ group, f STZ and RM group, g STZ and aflatoxin group, and
h STZ, aflatoxin, and RM. i-p Kidney of rats in different groups (i)

In GS5 injected with STZ, the Langerhans islets were small,
surrounded by fibrous tissue and showed cellular degenera-
tion (Fig. le). Similar lesions were observed in pancreas after
STZ injection. STZ induces pancreatic cytotoxicity damaging
the beta cells responsible for insulin secretion and thus result-
ing in diabetes (Kulkarni et al. 2012).

@ Springer

control group, j RM group, k aflatoxin group, 1 aflatoxin and RM
group, m STZ group, n STZ and RM group, o STZ and aflatoxin
group, and p STZ, aflatoxin, and RM. Hematoxylin and eosin stain
(x200)

These lesions were partially alleviated in G6 fed RM
(Fig. 1f). In G7 rats (STZ-aflatoxin group), the islets of Langer-
hans showed similar lesions to those observed in G5 (Fig. 1g);
however, in G8 fed RM as well the islets histopathology was
improved (Fig. 1h). This could also be attributed to the high
antioxidant compounds present in radish. Similar study also
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Table 8 Effect of radish microgreen on liver tissue peroxidation of rats
Treatment MDA content (Nmol/g) Liver oxidation system
GSH content (umol/mL)  SOD activity (U/g) CAT activity (U/g) GST activity (pmol/gt)
G1 control 6.361 + 0.421% 0.411 = 0.032* 77.10 + 8.88* 158.11 + 7.81* 6.13 +£0.43*
G2 radish 6.012 + 0.366° 0.430 + 0.029* 80.09 + 6.67* 160.08 + 10.00* 6.22 +0.48*
G3 aflatoxin 10.112 + 0.712° 0.222 +0.013¢ 47.04 + 3.71¢ 99.12 + 6.16% 4.11+021¢
G4 aflatoxin RM 8.001 + 0.321°¢ 0.300 + 0.016° 52.03 +3.11% 109.14 + 6.34° 4.87 + 0.40°
G5 STZ 8.221 +0.521°¢ 0.301 £ 0.020°¢ 60.09 + 4.02¢ 120.12 + 8.27* 5.07 +0.32°
G6 STZ-RM 7.011 +£0.411¢ 0.380 + 0.019° 71.11 £ 5.01° 131.17 + 7.86° 5.87 + 0.31°
G7 STZ-aflatoxin 12.781 + 0.941* 0.154 +0.010° 35.03 +2.12°¢ 84.20 +5.14° 3.45+0.21°
G8 STZ-aflatoxin RM  10.000 + 0.836" 0.202 + 0.013¢ 43.04 +3.21¢ 101.22 + 7.50% 4.01 +0.22¢

All values are represented as mean + S.D. Means with different letters are significantly different (p < 0.05)

showed the protective effect radish microgreen on the pancre-
atic cytotoxicity induced by STZ (Aly et al. 2020).

In the control group (G1) and RM group (G2), the
insulin-positive beta cells were organized in an ordered
continuous cord in the islets of Langerhans, whereas the
area % of beta cells was moderately reduced and the cells
were arranged haphazardly in G3 (aflatoxin group) com-
pared to the control group (Fig. li—p). In G4, the area
% of beta cells was comparable to control. On the other
hand, the area % of beta cells was significantly reduced
in G5 (STZ) and G7 compared to control. In G6 and
G8 fed RM, the area % of beta cells was comparable to
control group (G1) (Fig. 2). Natural phytochemicals have
an antioxidant property which prevents the damage of B
cells (Mohamed et al. 2022; Abdel-Mobdy et al. 2021).
Radish microgreen is one of the plants that is highly rich
in these compounds as demonstrated in the present study.

The liver was adversely affected with aflatoxin in
which it had hypertrophied hepatocytes and mild soli-
tary necrosis in addition to karyomegaly and binuclea-
tion. Feeding RM to rats in G4 decreased the severity of
lesions compared to aflatoxicated groups. Mild peripor-
tal hepatocyte degeneration was observed in the liver of
rats in G5 and G7 which was lessened in rats of G6 and
G8 (Fig. 3a-h).

Microscopy of the kidneys revealed mild hypertro-
phy of tubular epithelium in G3 compared to control
(G1) and RM (G2) which was relieved in the aflatoxin-
BM group (G4). In STZ group (G5) and STZ-aflatoxin
group (G7), the glomeruli showed increased glomerular
matrix, mesangial cells hyperplasia, and mild thickening

of glomerular basement membrane, whereas the tubular
epithelium showed degenerative and necrotic changes
with luminal casts. On the other hand, feeding RM to
G6 and G8 rats improved the histopathological findings
(Fig. 3i—p).

Oxidative stress biomarkers in liver

The MDA content was increased, while GSH content was
decreased significantly in the liver of rats in G7 (STZ-
aflatoxin), G3 (aflatoxin), and G5 (STZ) consecutively.
These groups also revealed a significantly decreased
antioxidant enzymes activity compared to control. Con-
trariwise, feeding RM in G4, G6, and G8 significantly
decreased the MDA content and increased significantly
the GSH content and antioxidant enzymes activity
(Table 8). Radish extract was documented to decrease
the oxidative stress resulting from exposure to xenobiot-
ics which is mainly due to its richness with antioxidant
compounds (Salah-Abbes et al. 2008). The radish has a
high content of isothiocyanate, kaempferol glycosides,
and L-tryptophan compounds which protect the cells
against lipid peroxidation and gets rid of free radicle
intermediates of lipid peroxidation (Salah-Abbes et al.
2008; Sipos et al. 2002).

In conclusion, feeding RM to diabetic and/or aflatoxi-
cated rats decreased serum glucose level; ameliorated
liver and kidney function parameters; improved histo-
pathology of pancreas, liver, and kidneys; and improved
liver oxidative stress parameters which could be due to
its antioxidant potential.

@ Springer



98398

Environmental Science and Pollution Research (2023) 30:98389-98399

Author contribution Sara M. Mohamed: data curation; Tahany
A. A. Aly: formal analysis and writing—original draft; Emam A
Abdel-Rahim: conceptualization, investigation, and review; Marwa
S. Khattab: methodology and writing—review and editing; Ammar
AL-Farga: project administration.

Funding Open access funding provided by The Science, Technology &
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data availability Samples of the compounds and data used during the
current study are available from the corresponding author.

Declarations

Ethical approval This study was approved by the Institutional Ani-
mal Care and Use Committee, Faculty of Veterinary Medicine,
Cairo University (Vet. CU.IACUC) (Vet CU01102020224) and was
carried out in accordance with the guidelines of Care and Use of
Laboratory Animals stated by the National Institutes of Health,
USPHS.

Consent to participate All have participated and approved the manu-
script and agree with submission to Environmental Science and Pol-
lution Research.

Consent for publication This manuscript has not been published else-
where and is not under consideration by another journal. We believe
that the findings of this study are relevant to the scope of your journal
and will be of interest to its readership.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abdallah MMF (2008) Seed sprouts, a Pharaoh’s heritage to improve
food quality. Arab Univ J Agric Sci 16:469-478. https://doi.org/
10.21608/AJS.2008.15018

Abdel-Latif MS, Elmeleigy KM, Aly TAA, Khattab MS, Mohamed
SM (2017) Pathological and biochemical evaluation of cou-
marin and chlorophyllin against aflatoxicosis in rat. Exp Toxicol
Pathol 69(5):285-291. https://doi.org/10.1016/j.etp.2017.01.014

Abdel-Mobdy AE, Khattab MS, Mahmoud EA, Mohamed RE,
Abdel-Rahim EA (2021) Semi-modified okara whey diet
increased insulin secretion in diabetic rats fed a basal or high-
fat diet. Food Sci Biotechnol 30:107-116. https://doi.org/10.
1007/s10068-020-00842-3

Aebi H (1984) Catalase in vitro. Methods Enzymol 105:121-126

@ Springer

Aly TAA, Koutb FA, Farid M, Fayed SA, Ahmed AM, ELRahim EA
(2020) Biochemical and histopathological evaluation of radish
microgreen and clover etiolated sprouts against diabetic mellitus
rats. European J Pharm Med Res 7(2):126-134

Anna C, Capus A, Monnerat M, Ribeiro LC, de Souza W, Martins JL
(2016) Application of high-content image analysis for quantita-
tively estimating lipid accumulation in oleaginous yeasts with
potential for use in biodiesel production. Bioresour Technol
203, 309-317. https://doi.org/10.1016/j.biortech.2015.12.067.

Antunes LC, Elkfury JL, Jornada MN, Foletto KC, Bertoluci MC
(2016) Validation of HOMA-IR in a model of insulin-resistance
induced by a high-fat diet in Wistar rats. Arch Endocrinol Metab
60(2):138-142. https://doi.org/10.1590/2359-3997000000169

Banihani SA (2017) Radish (Raphanus sativus) and diabetes. Nutri-
ents 9(9):1014. https://doi.org/10.3390/nu9091014

Belfield A, Goldberg D (1971) Colorimetric determination of alka-
line phosphatase activity. Enzyme 12:561-568

Benkerroum N (2020) Chronic and acute toxicities of aflatoxins:
mechanisms of action. Int J Environ Res Public Health 17(2),
423. https://doi.org/10.3390/ijerph17020423.

Bennett JW, Klich M (2003) Mycotoxins. Clin Microbiol Rev
16(3):497-516. https://doi.org/10.1128/CMR.16.3.497-516

Beutler E, Duron O, Kelly BM (1963) Improved method for
the determination of blood glutathione. J Lab Clin Med
61:882-890

Cavar S, Maksimovic M (2012) Antioxidant activity of essential oil and
aqueous extract of Pelargonium graveolens L’Her. Food Control
23:263-267. https://doi.org/10.1016/j.foodcont.2011.07.031

Davis ND, Diener UL, Eldridge DW (1966) Production of aflatoxins
B1 and G1 by Aspergillus flavus in a semisynthetic medium. Appl
Microbiol 14:378-380

Dzowela BH, Hove L, Mafongoya PL (1995) Effect of drying method
on chemical composition and in vitro digestibility of multi-pur-
pose tree and shrub fodders. Trop Grassl 29:263-269

Emerging Risk Factors Collaboration et al (2010) Diabetes melli-
tus, fasting blood glucose concentration, and risk of vascular
disease: a collaborative meta-analysis of 102 prospective stud-
ies. The Lancet 375(9733):2215-2222. https://doi.org/10.1016/
S0140-6736(10)60484-9

Fawcett JK, Scott JE (1960) Determination of urease modified Berth-
elot reaction. J Clin Pathol 13:156-159

Fletcher B, Gulanick M, Lamendola C (2003) Risk factors for type
2 diabetes mellitus. J Cardiovasc Nurs 16(2):17-23. https://doi.
org/10.1097/00005082-200201000-00003

Giacco F, Brownlee M (2010) Oxidative stress and diabetic compli-
cations. Circ Res 107(9):1058-1070. https://doi.org/10.1161/
CIRCRESAHA.110.223545

Gornnall AG, Bardawill CJ, David MM (1949) Determination of
serum proteins by means of the biuret reaction. J. Biol. Chem.
177:751-766

Kamali H, Sani TA, Feyzi P, Mohammadi A (2015) Chemical com-
position and antioxidant activity from essential oil of Capsella
bursa-pastoris. Int J] Pharmtech Res 8:1-4

Kaneto H, Kawamori D, Matsuoka TA, Kajimoto Y, Yamasaki Y
(2005) Oxidative stress and pancreatic -cell dysfunction. Am
J Ther 12(6):529-533. https://doi.org/10.1097/01.mjt.00001
78773.31525.¢c2

Khedr AA, El Sheikh NA (2016) Antidiabetic and antiatheroscle-
rotic activity of dried red radish roots (Raphanus sativus L)
on hypercholesterolemic diabetic rats. Bull Nat Nutr Inst Arab
Rep Egypt 47:1-31. https://doi.org/10.21608/BNNI1.2016.4222

Kim DH, Kim SJ, Jeong SI, Cheon CJ, Kim SY (2014) Antiadipo-
genic effects of red radish (Raphanus sativus L.) sprout extract
in 3T3-L1 preadipocytes. J Life Sci 24(11):1224-1230. https://
doi.org/10.5352/JL.S.2014.24.11.1224


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.21608/AJS.2008.15018
https://doi.org/10.21608/AJS.2008.15018
https://doi.org/10.1016/j.etp.2017.01.014
https://doi.org/10.1007/s10068-020-00842-3
https://doi.org/10.1007/s10068-020-00842-3
https://doi.org/10.1016/j.biortech.2015.12.067
https://doi.org/10.1590/2359-3997000000169
https://doi.org/10.3390/nu9091014
https://doi.org/10.3390/ijerph17020423
https://doi.org/10.1128/CMR.16.3.497-516
https://doi.org/10.1016/j.foodcont.2011.07.031
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1097/00005082-200201000-00003
https://doi.org/10.1097/00005082-200201000-00003
https://doi.org/10.1161/CIRCRESAHA.110.223545
https://doi.org/10.1161/CIRCRESAHA.110.223545
https://doi.org/10.1097/01.mjt.0000178773.31525.c2
https://doi.org/10.1097/01.mjt.0000178773.31525.c2
https://doi.org/10.21608/BNNI.2016.4222
https://doi.org/10.5352/JLS.2014.24.11.1224
https://doi.org/10.5352/JLS.2014.24.11.1224

Environmental Science and Pollution Research (2023) 30:98389-98399

98399

Kinnear PR, Gray CD (1999) SPSS for Windows made simple, 3rd
edn. Psychology Press/Taylor & Francis, UK

Kulkarni CP, Bodhankar SL, Ghule AE, Mohan V, Thakurdesai
PA (2012) Antidiabetic activity of Trigonella foenumgraecum
L. seeds extract (INDO1) in neonatal streptozotocin-induced
(n-STZ) rats. Diabetol Croat 41(1):29-40.

Lee SW et al (2012) Effects of white radish (Raphanus sativus)
enzyme extract on hepatotoxicity. Toxicol Res 28(3):165-172.
https://doi.org/10.5487/TR.2012.28.3.165

Lozano-grande MA, Gorinstein S, Espitia-rangel E, Davila-Ortiz G,
Martinez-Ayala AL (2018) Plant sources, extraction methods ,
and uses of squalene. Int J Agron 2018, 1829160. https://doi.
org/10.1155/2018/1829160.

Mohamed SM, Abdel-Rahim EA, Aly TA, Naguib AM, Khattab
MS (2022) Barley microgreen incorporation in diet-controlled
diabetes and counteracted aflatoxicosis in rats. Exp Biol Med
(Maywood) 247(5):385-394. https://doi.org/10.1177/15353
702211059765

Moore JF, Sharer JD (2017) Methods for quantitative creatinine
determination. Curr Protoc Hum Genet 93:A.30.1-A.30.7.
https://doi.org/10.1002/cphg.38

Naithani M, Singh P (2006) Teitz textbook of clinical chemistry &
molecular diagnostics. Med J Armed Forces India 62:204

Nishikimi M, Rao NA, Yagi K (1972) The occurrence of superoxide
anion in the reaction of reduced phenazine methosulfate and
molecular oxygen. Biochem Biophys Res Commun 46:849-854.
https://doi.org/10.1016/s0006-291x(72)80218-3

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

Otsuki T, Matsufuji H, Takeda M, Toyoda M, Goda Y (2004) Acylatedan-
thocyanins from red radish (Raphanus sativus L.). Phytochemistry
60:79-87. https://doi.org/10.1016/s0031-9422(02)00063-8

Reitman S, Frankel SA (1957) Colorimetric method for the deter-
mination of serum glutamic oxaloacetic and glutamic pyruvic
transaminases. Am J Clin Pathol 28(1):56—63. https://doi.org/10.
1093/ajcp/28.1.56

Salah-Abbes JB et al (2008) Tunisian radish extract (Raphanus sati-
vus) enhances the antioxidant status and protects against oxida-
tive stress induced by zearalenone in Balb/c mice. J Appl Toxicol
28(1):6-14. https://doi.org/10.1002/jat. 1240

Santana PM, Miranda M, Payrol JA, Silva M, Her nandez V, Peralta EP
(2013) Gas chromatography-mass spectrometry study from the leaves
fractions obtained of Vernonanthura patens (kunth) H. Rob IntJ Org
Chem 3:105-109. https://doi.org/10.4236/ijoc.2013.32011

Sipos P, Hagymasi K, Lugasi A, Feher E, Blazovics A (2002) Effects
of black radish root (Raphanus sativus L. var niger) on the colon
mucosa in rats fed a fat rich diet. Phytother Res 16:677-679.
https://doi.org/10.1002/ptr.950

Tamura S, Tsuji K, Yongzhen P, Ohnishi — Kameyama M, Murakami N
(2010) Six new acylatedanthocyanins from red radish (Raphanus
sativus). Chem Pharm Bull (Tokyo) 58:1259-1262. https://doi.
org/10.1248/cpb.58.1259

Taniguchi H, Muroi R, Kobayashi-Hattori K, Uda Y, Oishi Y, Takita T
(2007) Differing effects of water-soluble and fat-soluble extracts
from Japanese radish (Raphanus sativus) sprouts on carbohydrate
and lipid metabolism in normal and streptozotocin-induced dia-
betic rats. J Nutr Sci Vitaminol (Tokyo) 53:261-266. https://doi.
org/10.3177/jnsv.53.261

Taniguchi H et al (2006) Eftect of Japanese radish (Raphanus sativus)
sprout (Kaiware-daikon) on carbohydrate and lipid metabolisms
in normal and streptozotocin-induced diabetic rats. Phytother Res
20:274-278. https://doi.org/10.1002/ptr. 1851

Temple TC, Clark PM, Hales NNC (1992) Measurement of insulin
secretion in type 2- diabetes problems and pitfalls. Diabet Med
9:503-512. https://doi.org/10.1111/j.1464-5491.1992.tb01830.x

Trinder P (1969) Determination of blood glucose using an oxidation
peroxidase system with a noncarcinogenic chromogene. J Clin
Pathol 22(2):158-161. https://doi.org/10.1136/jcp.22.2.158

Trucksess MW, Stack ME, Nesheim S, Page SW, Albert RH, Hansen TJ
(1991) Immunoaffinity column coupled with solution fluorometry
or liquid chromatography postcolumn derivatization for determi-
nation of aflatoxins in corn, peanuts, peanut butter: collaborative
study. Assoc Anal Chem 74:81-88

Vivarelli F, Canistro D, Sapone A, De Nicola GR, Babot Marquillas C,
Tori R (2016) Raphanussativus cv. sango sprout juice decreases
diet-induced obesity in Sprague Dawley rats and ameliorates
related disorders. PLoS One 11(3):e0150913. https://doi.org/10.
1371/journal

Waller RA, Duncan DB (1969) A Bayes rule for the symmetric multi-
ple comparisons problem. J] Am Stat Assoc 64:1484—-1503. https:/
doi.org/10.1080/01621459.1969.10501073

Walter M, Gerarde H (1970) Ultramicromethod for the determination
of conjugated and total bilirubin in serum or plasma. Microchem
J15:231-236

Zafar M, Naqvi SNH (2010) Effects of STZ-induced diabetes on the
relative weights of kidney, liver and pancreas in albino rats: a
comparative study. Int J Morphol 28(1):135-142. https://doi.org/
10.4067/S0717-95022010000100019

Zhang M, Lv XY, LiJ, Xu ZG, Chen L (2008) The characterization of
high-fat diet and multiple low-dose streptozotocin induced type
2 diabetes rat model. Exp Diabetes Res 704045. https://doi.org/
10.1155/2008/704045

We disclose that it has not been submitted as a preprint.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.5487/TR.2012.28.3.165
https://doi.org/10.1155/2018/1829160
https://doi.org/10.1155/2018/1829160
https://doi.org/10.1177/15353702211059765
https://doi.org/10.1177/15353702211059765
https://doi.org/10.1002/cphg.38
https://doi.org/10.1016/s0006-291x(72)80218-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/s0031-9422(02)00063-8
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1093/ajcp/28.1.56
https://doi.org/10.1002/jat.1240
https://doi.org/10.4236/ijoc.2013.32011
https://doi.org/10.1002/ptr.950
https://doi.org/10.1248/cpb.58.1259
https://doi.org/10.1248/cpb.58.1259
https://doi.org/10.3177/jnsv.53.261
https://doi.org/10.3177/jnsv.53.261
https://doi.org/10.1002/ptr.1851
https://doi.org/10.1111/j.1464-5491.1992.tb01830.x
https://doi.org/10.1136/jcp.22.2.158
https://doi.org/10.1371/journal
https://doi.org/10.1371/journal
https://doi.org/10.1080/01621459.1969.10501073
https://doi.org/10.1080/01621459.1969.10501073
https://doi.org/10.4067/S0717-95022010000100019
https://doi.org/10.4067/S0717-95022010000100019
https://doi.org/10.1155/2008/704045
https://doi.org/10.1155/2008/704045

	Pathological and biochemical evaluation of radish microgreen on diabetes and aflatoxicosis in rats
	Abstract
	Introduction
	Materials and methods
	Microgreens of radish
	Aflatoxin preparation
	Animals
	Induction of type 2 diabetes mellitus
	Diets and their preparation
	Experimental design
	Determination of glucose level in plasma
	Determination of serum insulin hormone
	Determination of liver function
	Determination of kidney function parameters and LDH
	Histopathology
	Immunohistochemistry
	Determination of oxidative stress in liver
	Statistical analysis

	Results and discussion
	Bodyweight gain
	Blood glucose and insulin level
	Homeostatic model assessment
	Liver function parameters
	Kidney function parameters and LDH activity
	Histopathological and immunohistochemical findings in pancreas
	Oxidative stress biomarkers in liver

	References


