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ABSTRACT

Introduction: Antioxidant and hypoglycemic properties of some plant seeds are considered
natural preventives for diabetic-associated glycation. This study is concerned with the
evaluation of the bioactive components of black chia and garden cress seeds and the
examination of their modulatory effects on hyperglycemia and associated glycation induced
by streptozotocin (STZ) injection.

Methods: Forty male rats were divided into 4 groups, 10 rats each: Group 1 (healthy control
group); group 2 (diabetic group): rats injected STZ intraperitoneally to induce hyperglycemia;
group 3 and group 4: rats treated (after diabetic induction) with 1 mL (20% w/w) black chia
and garden cress seed extract, respectively.

Results: STZ injection caused marked hyperglycemia, oxidative stress, glycation, and
inflammation condition with disturbance in organs functions and structural alterations in
pancreatic tissue, while; treatment with black chia and garden cress seed extracts showed
remarkable (P <0.05) modulatory effects on hyperglycemia and associated disorders.
Conclusion: Black chia and garden cress seeds might be used in the management of diabetes
and associated glycation.

Implication for health policy/practice/research/medical education:

The use of black chia and garden cress seeds improves lesions of hyperglycemia and reduces the related side effects. These seeds
might be recommended to physicians for the treatment of diabetes.

Please cite this paper as: Mohamed HS, Kholief TE, Mohamed RW, Abd El-Rhman A. The modulatory effects of black chia
(Salvia hispanica) and garden cress (Lepidium sativum) seeds on Ne-CML formation in streptozotocin-injected rats. ] Herbmed
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Introduction

The most significant metabolites of diabetic glucose
toxicity, advanced glycated end products (AGEs),
play a role in several stages of diabetes complications.
Individuals with type 2 diabetes mellitus have a much
higher rate of AGEs production than patients with type 1
diabetes. The amino acid Ne-carboxy methyl lysine (Ne-
CML) is regarded as the essential part of AGEs. Ne-CML
is a precursor to the development of diabetes problems (1-
3). Additionally, non-enzymatic glycosylation is crucial in
the pathophysiological and physiological development of
processes, including aging, atherosclerosis, neurological
disorders, and chronic renal failure. Glycation control can
reduce the severity of diabetes consequences. The body’s
natural defense mechanism, synthetic inhibitors, and
natural inhibitors can all stop glycation. In comparison

to manufactured molecules, naturally occurring
phytochemical products are thought to be non-toxic,
affordable, and readily available in ingestible forms (2).
Numerous plants and organic macromolecules prevent
glycation and have anti-diabetic properties. Antioxidant
properties may be found in some hypoglycemic substances.
A highly efficient and all-natural way to prevent glycation
in diabetes is to maintain a healthy blood sugar level.
Additionally, plasma amines, antioxidant enzymes,
and compounds, as well as liver enzymes that aid in
detoxification, promote this defense.

Black Chia seeds (Salvia hispanica L.) belongs to the
Salvia genus. Due to their high dietary fiber content,
black chia seeds are said to be good hypoglycemic and
hypolipidemic agents. It is distinguished by having large
concentrations of polyunsaturated fatty acids, particularly

*Corresponding author: Radwa Wahid Mohamed, Email: radwa.wahid@women.asu.edu.eg


https://orcid.org/0000-0003-4686-6881
https://orcid.org/0000-0003-4108-0222
https://orcid.org/0000-0002-9044-4507
https://orcid.org/0000-0001-8430-0796
http://www.herbmedpharmacol.com
https://doi.org/10.34172/jhp.2023.27

a-linolenic acid (ALA), which makes up around 60% of
all fatty acids. The seeds contain more omega-3 acids than
flaxseed (3). Additionally, seeds are a plentiful source
of phytocompound groups with significant biological
activity. Gallic, caffeic, chlorogenic, cinnamic, and ferulic
acids, as well as quercetin, kaempferol, epicatechin,
rutin, apigenin, and p-coumaric acid, are some of the
polyphenols that are particularly noteworthy (4).

The garden cress (Lepidium sativum L.) plant belongs to
the Brassicaceae family. Due to its high phytochemical and
flavonoid content, garden cress is widely recognized for its
nutritional and therapeutic benefits. Flavonoid molecules
have anti-inflammatory, antioxidant, and hypoglycemic
effects (5). Additionally, the seeds have a healthy fatty
acid profile and offer 7-8 mg of fiber per 100 g. It has a
significant quantity of linolenic acid (26-34 percent).
Arachidic acid (2-3.5%), oleic acid (26-30%), and linoleic
acid (7-11%) are also present in reasonable amounts (6).

This work aimed to study the bioactive components of
black chia and garden cress seeds and their hypoglycemic
effects in diabetic type 2 with the prevention of the
associated glycation process.

Materials and Methods

Materials

Streptozotocin (STZ) was purchased from Sigma Aldrich
Company for Chemicals, Cairo, Egypt. Black chia seeds
and Garden cress seeds were purchased from the Ministry
of Agriculture, Cairo, Egypt.

Animals

For the experimental investigation, 40 healthy adult male
Wistar rats, aged 6 weeks and weighing 180 +20g, were
purchased from the National Research Center in Cairo,
Egypt. Rats were fasted for 12 hours prior to receiving a
single intraperitoneal injection of freshly produced STZ
solution (in citrate buffer, pH=4.5) for the purpose of
inducing diabetes (7).

Animal grouping and experimental design

Ten rats apiece from each of the 4 groups of rats were used.
Rats in group 1 (the healthy control group) were given
commercial pellet diets and intraperitoneal injections of
0.1 mol/L citrate buffer and 1 mL distilled water once daily
for 28 days (8). Group 2 (diabetic group): diabetic control
rats received a commercial pellet diet after STZ induced
hyperglycemia in rats. Group 3 (black chia seeds group)
and group 4 (Garden cress seeds group): After diabetes
induction, rats received a commercial pellet diet and were
treated with 1 mL (20% (w/w)) black chia and garden
cress seed extract, respectively (Orally using stomach tube
daily for 28 days) (8).

Determination of bioactive components of black chia and
garden cress seeds
The bioactive components of the tested seeds’ methanolic
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extract were determined using gas chromatography
according to the method described before (9).

Evaluation of glucose metabolic dysfunction and glycated
markers

Serum glucose was determined by colorimetric assay
(10) using Bio-Med Kkits, serum insulin was determined
by immunosorbent assay (11) using RayBio Rat insulin
ELISA Kit. Serum glycated hemoglobin Alc (HbAlc) was
determined by colorimetric method (12) using BioSource
Rat HbAlc ELISA kit and Ne-CML was determined by
colorimetric method (13) using BioSource Rat Ne-CML
ELISA kit, respectively. Quantitative insulin sensitivity
check index (QUICKI) and homeostatic model assessment
of insulin resistance (HOMA-IR) were calculated
according to previously performed equations (14).

Determination of lipogenesis factors and Atherogenic
index (AI)

Total cholesterol (TC), triacylglycerols (TAGs), and
high-density lipoproteins (HDL-C) were measured
calorimetrically (15) using BIO-Med kits. Low-density
lipoproteins (LDL-C) and very low-density lipoproteins
(VLDL-C) were calculated using previously described
equations (16). Free fatty acids were measured by using
an ELIZA kit (17). AI and RF were also calculated using
previously described equations (18)

Evaluation of oxidative stress status and antioxidants in
the pancreas:

Superoxide dismutase (SOD), reduced glutathione (GSH),
and malondialdehyde (MDA) were measured using a Bio-
Diagnostic kit (19-21).

Determination of inflammatory biomarkers:

Interferon-y (INF-y) and interleukinl-p (IL-1B) were
determined by the colorimetric method using Rat ELISA
kits of INF-y and IL-1P (BioSource), respectively (22).

Evaluation of organs functions

To evaluate liver function, serum albumin and total
bilirubin were measured calorimetrically (23) using Bio-
Diagnostic kits. Kidney function tests were performed by
the estimation of urea and creatinine calorimetrically using
Diamond Diagnostic kits (24). For pancreatic function
evaluation, pancreatic trypsin and pancreatic iso-amylase
were determined using an ELISA kit (BioVision) (25).

Microscopic examination of the pancreas

For regular histological investigation using hematoxylin-
eosin (H&E) stain, pancreas portions were carefully
excised and preserved in neutral formalin solution at a
10% concentration.

Statistical analysis
Version 16.0 of the Statistical Package for Social Science
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(Microsoft Windows and SPSS Inc.) were utilized to
analyze the data. The data were expressed as mean *
standard deviation (SD). The one-way analysis of variance
(ANOVA) was used to detect statistical differences
between groups; the mean difference was considered
significant at the P < 0.05 level (26).

Results

Determination of bioactive components in seed extracts
by gas chromatography (GC)

The results presented in Tables 1 and 2 and Figures 1
and 2 give an overview of bioactive components in black
chia and garden cress seed extracts. From the results, it
was clear that, black chia seed extract contained 49.62%
of linolenic acid, 18.26% of chlorogenic acid, 6.11% of
5-hydroxymethylfurfural, 5.85% of caffeic acid, 5.74%
quercetin, 5.46% of 3,6-dimethyl-3,6-dihydro-pyran-
2-one oxime, and other bioactive components in traces
amounts (Table 1) while, the garden cress seed extract
contained 74.79% of 7,10- hexadecadienoic acid, methyl
ester, 21.31% of 11- octadecenoic acid, methyl ester, and
other bioactive components in smaller amounts (Table 2).

Table 1. Bioactive components of black chia seeds

The effect of black chia and garden cress seed extract on
evaluation of glucose metabolic dysfunction markers and
glycation process

The results presented in Table 3 showed that the induction
of diabetes by STZ injection in the group 2 caused a
significant increase (P<0.05) in serum glucose level by
419.36% compared with the healthy control group (1).
In addition, the administration of black chia and garden
cress seed extracts as treatments caused a significant
decrease (P<0.05) in serum glucose levels by about
66.17% and 69.67%, respectively when compared with
the diabetic control group 2. The results of serum insulin
level showed a significant decrement (P<0.05) in the
diabetic group by 41.50% as compared with the healthy
control group 1. In addition, the administration of seed
extracts caused a significant elevation (P<0.05) in serum
insulin levels by about 31.73% and 48.13%, respectively
when compared with diabetic control group 2. With
respect to the results of glycated hemoglobin (HbA1c¢), the
induction of diabetes caused the highest significant rise
(P<0.05) in HbAlc by 161.64% when compared with the
healthy control group 1. While, the administration of the

Name Formula Retention time (RT) Area sum %
9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (Linolenic acid) C,:H,.0, 28.494 49.62
Chlorogenic acid CH,; O, 19.137 18.26
5-Hydroxymethylfurfural CH.0, 15.463 6.11
Caffeic acid C,H,0, 21.465 5.85
Quercetin C.H,.0, 15.612 5.74
3,6-Dimethyl-3,6-dihydro-pyran-2-one oxime C,H,,NO, 11.85 5.46
Gamma-sitosterol (Clionasterol) C,H. .0 41.717 2.63
6-Acetyl-beta-d-mannose CH,,0, 13.518 2.33
Pterin-6-carboxylic acid C,H,N,O, 13.136 2.14
1-(5-Bicyclo [2.2.1] heptyl) ethylamine C,H, N 10.829 1.86
Table 2. Bioactive components of garden cress seeds
Name Formula Retention time (RT) Area sum %
7,10- Hexadecadienoic acid, methyl ester C,H,.0, 24.919 74.97
11- Octadecenoic acid, methyl ester C,H..0, 24.979 21.31
D-(+)-Turanose, octakis(trimethylsilyl) ether C,H,0,,Si, 25.756 1.21
Benzenepropanoic acid, .alpha.-(hydroxyimino)- C,H,NO, 9.509 0.93
Silanol, trimethyl-, phosphate (3:1) (Tris(trimethylsilyl) phosphate) C,H,,0,PSi, 11.31 0.44
Trimethylsilyl ether of glycerol C,,H,,0,5i, 11.212 0.36
Oleic acid, trimethylsilyl ester C,,H,,0,5i 21.182 0.27
Stearic acid, 2,3-bis(trimethylsiloxy)propyl ester C,H,0,Si, 25.529 0.17
n-Pentadecanoic acid, trimethylsilyl ester C,gH,0,Si 11.529 0.1
Palmitic acid, trimethylsilyl ester C,oH,,0,5i 19.629 0.09
1-Monopalmitin trimethylsilyl ether C,H,,0,Si, 24.135 0.09
Benzoic acid tri-methyl-silyl ester C, H OSi 10.843 0.08
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Figure 1. Gas chromatography/mass spectrometry chromatogram of
bioactive components of black chia seed extract.
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Figure 2. Gas chromatography/mass spectrometry chromatogram of
bioactive components of garden cress seed extract.

tested seed extracts caused a significant decline (P<0.05)
in HbAlc by 28.05% and 50.26%, respectively when
compared with the diabetic group 2. Regarding serum
QUICKI, the induction of diabetes caused a significant
decrease (P<0.05) by 25.05% when compared with the
healthy control group 1. In addition, the administration of
the tested extracts caused a significant increase (P<0.05)
in QUICKI by about 20.47% and 23.32%, respectively
compared with the diabetic control group 2. From Table
3 the results of HOMA-IR confirmed that the injection
of STZ caused the highest significant increase (p<0.05)
by 204.31% compared with the healthy control group 1.
Moreover, the oral administration of the tested treatments
caused a significant decrease (P<0.05) in HOMA-IR by
53.30% and 55.19%, respectively when compared with the
diabetic control group 2. According to the results of serum
Ne-CML, the induction of diabetes caused a significant
increase (P<0.05) by 129.93% compared with the healthy
control group 1. Additionally, the oral administration

Black chia and garden effects on diabetic rats

of different treatments caused significant decrements
(P<0.05) in Ne-CML by 45.15% and 47.64%, respectively
when compared with the diabetic control group.

The effect of black chia and garden cress seed extracts
on lipogenesis factors and atherogenic indices in all
experimental groups
From the results of in Table 4, the induction of diabetes
caused a significant increase (P<0.05) in serum TAGs by
31.97% compared with the healthy control group, while
the oral administration of the tested seed extracts caused
a significant decrease (P<0.05) in serum TAGs by about
16.83% and 13.53%, respectively when compared with
the diabetic control group. Considering the serum level
of total cholesterol (TC) in STZ injection, there was a
significant elevation (P<0.05) in serum TC by 60.13%
compared with the healthy control rats. In addition,
the oral administration of different treatments caused a
significant decrement (P<0.05) by about 35.82% and
21.62%, respectively when compared with the diabetic
group. With respect to the results of HDL-C, the induction
of diabetes caused a significant decrease (P<0.05) in
serum HDL-C by 45.83% as compared with the healthy
control group. In addition, the oral administration of
the tested seed extracts caused a significant elevation
(P<0.05) in serum HDL-C by 52.20%, 29.15%, and 24%,
respectively as compared with the diabetic control group.
The results of LDL-C confirmed that the induction
of diabetes caused a significant rise (P<0.05) in serum
LDL-C by 198.72% compared with the healthy control
group, while the oral administration of different
treatments caused a significant decrement (P<0.05) in
serum LDL-C by 58.52% and 33.92%, respectively when
compared with the diabetic control rats. From the results
of VLDL-C, the induction of diabetes caused a significant
increase (P<0.05) in serum VLDL-C compared
with healthy control rats by 31.99%, while the oral
administration of the seed extracts caused a significant
decline (P<0.05) in serum VLDL-C by about 16.83 and
13.55%, respectively when compared with the diabetic
control rats. From the result of free fatty acids (FFAs)

Table 3. Effect of black chia and garden cress seed extracts on glucose metabolic dysfunction markers and glycation process in all experimental groups

Parameters/Groups Glucose level (mg/dL) Insulin level (uIU/mL) (HbA1c) % QUICKI HOMA Ne-CML (ng/mL)
G1: (HC) group 73.51°%6.79 12.82°+0.45 5.11°+0.72 0.515°+0.01 2.09°+0.17 226.90°+7.78
G2: (DC) group 381.78°+42.60 7.50°+0.49 13.37°+1.50 0.386°+0.01 6.36°+0.86 521.71°+10.47
G3: (BC) group 129.14°+6.97 9.88°+0.75 9.62°+1.20 0.465°+0.01 2.97¢+0.25 286.16°+14.17
G4: (GC) group 115.449+3.32 11.119+0.84 6.65+0.51 0.476+0.00 2.85°+0.23 273.169+18.80
LSD 12.42 0.402 0.651 0.0 0.27 8.47

HbA1lc: Hemoglobin Alc; HOMA: Homeostatic model assessment of insulin resistance; QUICKI: Quantitative insulin sensitivity check index; Ne-CML:

Ne-carboxy methyl lysine.
Values are mean * SD.

There is a significant difference between the means having different letters in the same row (P < 0.05).
G1: Healthy control (HC) group; G2: Diabetic control (DC) group; G3: Black chia (BC) group; G4: Garden cress (GC) group.
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Table 4. Effect of black chia and garden cress seed extracts on lipogenesis factors and atherogenic indices in all experimental groups

Groups/Parameters G1:(HC) G2:(DC) G3:(BC) G4:(GC) LSD
TAGs (mg/dL) 132.57°+4.78 174.96°+9.03 145.52°+10.7 151.299+ 12.60 6.66
TC (mg/dL) 116.9°+7.49 187.19°+9.24 120.14°+3.12 146.729+ 13.96 6.15
HDL-C (mg/dL) 46.54°+5.76 25.21°+3.02 38.37°+4.46 32.56+6.10 3.068
LDL-C (mg/dL) 42.51°+15.87 126.99°+10.31 52.67°+6.40 83.91+9.60 6.94
VLDL-C (mg/dL) 26.51°+0.96 34.99°+1.80 29.10°+ 2.17 30.25°+2.52 1.33
FFAs (ng/mL) 94.52°+6.81 239.77°+ 14.83 128.32°+7.67 124.28°+ 5.87 6.15
Al) 2.986°+0.41 6.801°+1.25 3.829°+ 0.48 4.768%+ 0.84 0.48
RF 0.952+0.45 5.13°+0.95 1.06°+ 0.46 2.64°+ 0.44 0.38

TC: Total cholesterol; HDL-C: high-density lipoproteins; LDL-C: Low-density lipoproteins; VLDL-C: very low-density lipoproteins; FFAs: Free fatty acids;

RF: Risk factor; Al, Atherogenic index.
Values are mean * SD.

There is a significant difference between the means having different letters in the same row (P < 0.05).
G1: Healthy control (HC) group; G2: Diabetic control (DC) group; G3: Black chia (BC) group; G4: Garden cress (GC) group.

tabulated in table (4), the induction of diabetes caused
a significant increase (P<0.05) in serum FFAs by about
153.67% compared with the healthy control rats, while the
oral administration of the tested seed extracts caused a
significant decrement (P<0.05) in serum FFAs by about
46.48% and 48.17%, respectively when compared with
the diabetic control rats. Considering the value of Al the
injection of STZ caused a significant increase (P<0.05) in
serum Al by 127.76% compared with the healthy control
rats. On the other hand, the oral administration of the
tested seed extracts caused a significant decline (P<0.05)
in serum AI by about 43.70% and 29.89%, respectively
when compared with the diabetic control rats. From
the results of risk factor (RF), the induction of diabetes
caused a significant increase (P<0.05) in serum RF by
440% compared with the healthy control rats. In addition,
the oral administration of different treatments caused
a significant decrease (P<0.05) in serum RF by about
79.34% and 48.54%, respectively when compared with the
diabetic control rats.

The effect of black chia and garden cress seed extracts on
antioxidant and lipid peroxidation status in pancreatic
tissue in all experimental groups

The data presented in Table 5 showed that pancreatic
SOD activity significantly decreased (P<0.05) following

STZ injection by about 56.74% when compared with
the healthy control rats. In addition, the administration
of black chia and garden cress seed extracts caused a
significant increase (P<0.05) in SOD activity by 95.73%
and 103.23%, respectively compared with the diabetic
control rats. Additionally, pancreatic GSH levels showed
a significant decrease (P<0.05) with diabetic induction
by about 34.12% when compared with the healthy control
rats. Administration of different treatments caused a
significant increase (P<0.05) in GSH levels by 50.37%
and 44.24%, respectively compared with the diabetic
control rats. Considering the level of pancreatic MDA, the
injection of STZ caused a significant increase (P< 0.05) in
MDA level by 257.02% compared with the healthy control
group. In addition, the oral administration of the tested
seed extracts caused a significant decrease (P<0.05) in
MDA level by about 50.02% and 42.80%, respectively
when compared with the diabetic control rats.

The effect of black chia and garden cress seed extracts
on inflammatory biomarkers levels in serum in all
experimental groups

The data presented in Table 5 confirmed a significant
increase (P<0.05) in serum INF-y by 196.31% in diabetes
group compared with the healthy control rats. On the
other hand, the oral administration of the tested seed

Table 5. Effect of back chia and garden cress seed extracts on antioxidant, lipid peroxidation status, and inflammatory biomarkers in all experimental groups

Parameters/groups SOD (U/g) GSH (mmol/g) MDA (nmol/g) INF-y (pg/ML) IL-1B (pg/ML)
G1: (HC) group 20.02°+1.63 58.76°+ 2.05 32.48°+2.84 51.46°+2.95 115.07°+ 3.89
G2: (DC) group 8.66°+ 0.52 29.50°+3.71 115.96°+ 4.59 152.48°+7.35 276.35°+6.20
G3: (BC) group 16.95“+ 0.92 44.36°+ 3.74 57.96°+ 5.03 81.04°+ 10.15 135.80°+ 4.56
G4: (GC) group 17.60°+ 1.29 42.55+ 3.08 66.339+ 6.91 74.759+ 1.58 142.349+ 4.45
LSD 0.725 1.95 3.05 4.012 3.07

SOD: Superoxide dismutase; GSH: Reduced glutathione; MDA: Malondialdehyde; INF-y: Interferon-y.

Values are mean * SD.

There is a significant difference between the means having different letters in the same row (P < 0.05).
G1: Healthy control (HC) group; G2: Diabetic control (DC) group; G3: Black chia (BC) group; G4: Garden cress (GC) group.
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extracts caused a significant decrease (P<0.05) in serum
INF-y by about 46.85% and 50.98%, respectively when
compared with the diabetic control group. Considering
the results of IL-1f, the induction of diabetes caused a
significant increase (P<0.05) in serum IL-1pB by 140.16%
compared with the healthy control rats. In addition, the
oral administration of the tested seed extracts caused a
significant decrease (P<0.05) in serum IL-13 by about
50.68% and 48.49%, respectively when compared with the
diabetic control group.

The effect of black chia and garden cress seed extracts on
liver function tests in all experimental groups

From the results presented in Table 6, the induction of
diabetes mellitus caused a significant decrease (P<0.05)
in serum albumin by 24.40% when compared with the
healthy control group. In addition, the oral administration
of tested treatments seed extracts caused a significant
increase (P<0.05) in serum albumin by 16.73% and
19.92%, respectively compared with the diabetic control
rats. Considering the serum total bilirubin level, the
injection of STZ caused a significant increase (P<0.05)
by 30.99% compared with the healthy control rats, while
the oral administration of the tested seed extracts caused
a significant decrease (P<0.05) in serum total bilirubin
by about 20.24% and 20.09%, respectively when compared
with the diabetic control rats.

The effect of black chia and garden cress seed extracts on
kidney function in all experimental groups

The kidney function presented in Table 6 showed the
induction of diabetes caused a significant increase
(P<0.05) in serum urea by 102.54% compared with the
healthy control rats, while the oral administration of the
tested treatments with seed extracts caused a significant
decrease (P<0.05) in serum urea by about 33.13% and
26.15%, respectively when compared with the diabetic
rats. With respect to the level of serum creatinine, the
induction of diabetes caused a significant increase
(P<0.05) in serum creatinine by 71.10% compared with
the healthy control rats, while the oral administration
of the tested seed extracts caused a significant decrease
(P<0.05) in serum creatinine by about 32.50% and

Black chia and garden effects on diabetic rats

40.20%, respectively when compared with the diabetic
control rats.

The effect of black chia and garden cress seed extracts on
pancreatic function in all experimental groups

The data presented in Table 6 showed that the induction
of diabetes caused a significant increase (P<0.05) in
pancreatic trypsin concentration by 270.41% compared
with the healthy control rats. In addition, the oral
administration of the tested seed extracts caused a
significant decrease (P<0.05) in pancreatic trypsin
concentration by about 54.80% and 55.21%, respectively
when compared with the diabetic control rats. With
respect to the activity of pancreatic amylase enzyme, the
injection by STZ caused a significant increase (P<0.05)
by 168.79% compared with the healthy control group.
But the oral administration of the tested treatments of
seed extracts caused a significant decrease (P<0.05) in
pancreatic amylase enzyme activity by about 49.64% and
54.19%, respectively when compared with the diabetic
control.

The effect of black chia and garden cress seed extracts
on histological examination of the pancreas in all
experimental  groups

The data illustrated in Figure 3 showed the effect of black
chia and garden cress seed extracts on the microscopic
examination of pancreatic tissues in all experimental rat
groups. From the data, the healthy control rats showed
normal histological structure of the islet of Langerhans as
well as the acini and duct system as exocrine ones (Figures
3a and 3b). However, the induction of diabetes by STZ
injection caused the atrophy of Langerhans islets with
decline in the size and number of the cells associated with
periductal inflammatory cells infiltration surrounding the
cystic ducts of the exocrine portion (Figures 3c and 3d). In
addition, the oral administration of black chia and garden
cress seed extracts caused significant histopathological
improvement in the morphological cellular features of
pancreatic tissues (Figures 3e, 3f, 3g and 3h, respectively).

Discussion
Hyperglycemia is assumed to be the primary cause of both

Table 6. Effect of black chia and garden cress seed extracts on the liver, kidney, and pancreatic functions in all experimental groups

Parameters/Groups Albumin (g/dL)  Total Bilirubin (mg/dL) Urea (mg/dL)  Creatinine (mg/dL) Trypsin (ng/g) Amylase (nlU/g)
G1: (HC) group 3.32°+0.35 1.026°+ 0.01 24.77°+1.78 0.865°+0.06 2.67°+0.33 65.44°+ 3.64
G2: (DC) group 2.51°+0.31 1.344°+0.10 50.17°+ 5.08 1.48+0.12 9.89°+ 1.07 175.90°+ 8.38
G3: (BC) group 2.93+0.08 1.072°4£0.02 33.55 3.59 0.999°+0.11 4.47°+0.44 88.58+4.73

G4: (GC) group 3.01+ 0.07 1.074°4+0.01 37.05%% 3.22 0.885°+0.07 4.43+0.37 80.57%t 4.85
LSD 0.14 0.03 2.20 0.07 0.363 3.375

Values are mean * SD.

There is a significant difference between the means having different letters in the same row (P < 0.05).
G1: Healthy control (HC) group; G2: Diabetic control (DC) group; G3: Black chia (BC) group; G4: Garden cress (GC) group.
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Figure 3. Microscopic examination of pancreatic tissues in all
experimental groups. (a and b) The healthy control rats (G1) showed no
histopathological alteration and the normal histological structure of the
islet of Langerhans. (c and d) The diabetic rats (G2) showed atrophy
in the islet of Langerhans with a decline in the size and number of the
cells associated with periductal inflammatory cells infiltration surrounding
the cystic ducts of the exocrine portion. (e and f) Chia seed group (G3)
showed histopathological improvement in morphological cellular features
of pancreatic tissues. (g and h) Garden cress seed group 4 showed small
inflammatory cells with less infiltration surrounding the duct. (H & E x400).

glycation and the gradual buildup of AGEs in physiological
tissues. Despite the possibility that intracellular AGEs
may be involved in the activation of intracellular signaling
pathways and modification of the functions of intracellular
proteins, there are numerous indications that the
accumulation of AGE:s is a significant pathogenic factor
for the development of diabetes, cataracts, atherosclerosis,
diabetic nephropathy, and neurodegenerative diseases (2).
Anti-diabetic drugs can interrupt glycation by reducing
blood glucose levels or by inhibiting the third phase of
the synthesis of AGEs because glycation is an irreversible
reaction.

Black chia seeds are a rich source of bioactive chemicals
due to their high concentration of polyphenolic
compounds, including chlorogenic acid, caffeic acid,
myricetin, quercetin, and kaempferol, as well as lipophilic
substances like tocopherols, phytosterols, carotenoids,
and phospholipids. Polyunsaturated fatty acids (PUFAs),
particularly the beneficial linolenic acid, are very
abundant in black chia seeds, which are favorable for
human health (27,28). In addition, hexadecanoic acid,
palmitic acid, benzenepropanoic acid, methyl ester, and

other substances are the primary chemicals discovered in
garden cress seeds. Garden cress also includes oleic acid
(30.5%), palmitic acid (10.3-0.12), and other fatty acids.
These findings demonstrated the value of garden cress as
an omega -3 fatty acid source (29).

Induction of diabetes by STZ injection was found to be
associated with high serum glucose levels, alack or absence
of the hormone insulin, increased glycation products,
HbAlc and Ne-CML, and increased insulin resistance
indices. These findings were based on the evaluation of
glucose metabolic dysfunction and glycated markers. Oral
administration of black chia and garden cress seed extracts
exhibited an anti-diabetic effect because of their ability
to preserve beta-cell and pancreatic cell proliferation. In
contrast to the diabetic group, this resulted in a rise in
blood insulin levels and a drop in serum glucose levels,
which enhanced the cells sensitivity to insulin and glucose
absorption. Our results confirmed previous studies that
demonstrated chia seeds enhanced biological markers
for dyslipidemia, inflammation, cardiovascular disease,
glucose homeostasis, insulin resistance, and glycation
without causing adverse effects (30). Additionally, in
insulin-resistant rats given black chia seeds for two months,
a considerable drop in blood glucose levels was seen along
with a decrease in serum Ne-CML. This could be as a
result of the large amount of dietary fiber included in chia
seeds, which works to reduce the absorption of intestinal
glucose (31). Consistent with our results a research (32),
found that the consumption of chia seeds decreased blood
glucose levels. Their high phenolic content and increased
free radical scavenging activity had the effect of inhibiting
stage 3 of Ne-CML synthesis. Because garden cress
seeds’” physiologically active chemicals promoted glucose
absorption via inducing insulin receptor kinase activity,
insulin receptor autophosphorylation, and eventually
enhanced glycogen synthase activity, they supported
prior results that indicated these seeds contained insulin-
mimetic characteristics (33). Additionally, using the
aqueous garden cress extract might significantly reduce
blood glucose levels. According to Hamidpour et al study
(34), the presence of benzyl isothiocyanate flavonoid in
garden cress seed extract, which prevented Amadori
reaction, an organic reaction of hemoglobin glycation,
accounted for the powerful glycation inhibition effect
of garden cress seed extract on synthesis of HbAlc.
Antioxidant compounds may be useful preventative
agents for the production of glycation and AGE since
oxidative stress followed and accelerated the synthesis
of glycation and Ne-CML (35). The bulk of studies on
polyphenolic compounds with regard to possible anti-
diabetic effects focused on flavonoids in particular.
In STZ-induced diabetic rats, oral administration of
polyphenolic compounds extract resulted in a significant
reduction in HbAlc and Ne-CML production, fasting
blood glucose levels, and an improvement in lipid profile
status, indicating that garden cress has strong antioxidant
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properties in addition to anti-diabetic and cholesterol-
lowering effects.

Lipogenesis factors and atherogenic indices results
showed that hyperlipidemia and oxidative stress are the
disorders of diabetes mellitus. They also elevated the serum
levels of TAGs, TC, LDL-C, VLDL-C, FFAs, AI, and RF and
decreased the level of HDL-C. In contrast, administering
black chia and garden cress seed extracts caused a decrease
in serum levels of TAGs, TC, LDL-C, VLDL-C, FFAs, Al
and RF and an increase in HDL-C serum level. The ability
of black chia and garden cress seeds to improve lipid
metabolism and decrease atherogenicity might be due to
the high content of omega-3 fatty acids, which helps to
increase HDL-C “good”, decrease LDL-C “bad”, and reduce
blood TAGs. In addition to highly content of vitamin C,
which help to protect the arteries from the increased level
of cholesterol. Additionally, our findings supported those
of (36) who discovered that chia seed, the richest vegetal
source of linolenic fatty acids, significantly reduced TAGs,
LDL-C, TC, and FFAs, while considerably raising HDL-C.
After consuming both black and white chia seeds, an
improvement in lipid profiles was seen, which might be
related to the high concentration of omega-3 fatty acids in
chia seeds (37). Dietary chia supplementation increased
dietary fiber intake by 55% and plasma-linolenic acid
content by 75% (38). Additionally, as compared with
the matching control group, TC, HDL-C, and FFAs all
dramatically decreased by roughly 25%, 32%, and 38%,
respectively. In a previous research (39), rats received
diets enriched with garden cress seeds powder at 5% and
10%, and their mean levels of LDL-C and VLDL-C were
lower than those of the positive control group. Garden
cress seeds were also given to hypercholesterolemic rats,
improving their lipid profiles because they contained large
amounts of vitamin C, which protected the arteries from
excessive cholesterol levels (40). It was evident from the
findings of the antioxidant and lipid peroxidation status
in pancreatic tissue that the induction of diabetes mellitus
led to oxidative stress in pancreatic cells, which decreased
the antioxidant enzyme SOD, reduced GSH molecule,
and increased the lipid peroxidation product MDA. Due
to their antioxidant properties, administration of black
chia and garden cress seed extracts increased SOD activity
and GSH level, and decreased MDA level in pancreatic
tissues, enabling cell production of insulin and glucagon
to regulate blood sugar levels. Our findings are consistent
with an earlier research (41) showing that diabetes
mellitus is related to reduced antioxidant enzyme activity
and lipid peroxidation caused by free radicals. These facts
manifested as a marked decrease in SOD activity and GSH
level, as well as an increase in MDA in pancreatic tissue.
In addition, another study (42) verified that adding chia
and garden cress seeds to the diet significantly reduced
inflammation and lipid peroxidation as seen by lower
levels of MDA, nitric oxide (NO), and tumor necrosis
factor alpha (TNF-a) in the rat liver tissues. The primary

Black chia and garden effects on diabetic rats

antioxidants in chia seeds, caffeic acid, and chlorogenic
acid were capable of preventing lipid peroxidation. These
compounds are substantially stronger and more potent
antioxidants than other antioxidants like vitamin E and
vitamin C. Another antioxidant present in chia seeds was
quercetin, which could prevent the oxidation of lipids.
Additionally, the antioxidant properties of quercetin were
considered to be stronger than those of some flavanol
compounds (3). Our results were consistent with those of
(8) who found that administering garden cress methanol
extract to diabetic rats significantly (P<0.001) increased
the mean value of SOD in comparison to the positive
control. In accordance with these results, garden cress
included a substantial quantity of phenolic groups, which
resulted in the scavenging of free radicals, one of the
primary antioxidation techniques for stopping the chain
reaction of lipid peroxidation. The antioxidant activity
of garden cress was discovered to inhibit the glycation
process, reduced HbAlc levels, and stop the production
of Ne-CML (35).

Serum levels of inflammatory biomarkers showed that
diabetes mellitus generated large amounts of free radicals
and damaged the antioxidant system. An imbalance
between the creation and removal of ROS, which was
shown as an increase in the production of IFN-y and
IL-1f in diabetes, was linked to the inflammation of the
pancreatic PB-cells. These pro-inflammatory substances
increased the activity of inducible nitric oxide synthase
(iNOS), which produced NO and aided in the deterioration
of B-cells. Due to the anti-inflammatory and antioxidant
effects of black chia and garden cress seed extracts, the
inflammatory biomarkers decreased. Following the
injection of STZ, inflammatory cells were found inside
the pancreatic islets and AGEs were produced. The
interaction of these molecules with their cell-surface
receptors led to oxidative stress and the start of an
inflammatory cascade. The MAPK pathway was activated
throughout the inflammatory cascade resulting in the
production of IL-6, TNF-qa, IL-1p, VCM-2, and INF-y,
and caused B-cell dysfunction (2). The intake of chia
seeds had the ability to improve the antioxidant activity
by increasing SOD activity, CAT activity, and PPAR-a
expression. In addition, chia consumption decreased the
concentrations of the inflammatory biomarkers IL-1p and
INF-y. The improvement may be due to the presence of
phenolic compounds, vitamins, minerals, dietary fiber,
and polyunsaturated fatty acids from omega-3-type (43).
The intake of garden cress seeds resulted in decreased
inflammation and oxidative stress due to their high
contents of vitamins B complex, A & C that inhibited AGEs
combination with their receptors. The anti-inflammatory
effects resulted in decreased glycation process, HbAlcand
Ne-CML formation (8).

The findings of liver function evaluation revealed that
diabetes mellitus produced severe damage to the liver
cells, which was shown as a significant rise in blood
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total bilirubin and a significant fall in serum albumin.
However, the group that received black chia and garden
cress demonstrated enhanced liver function. Diabetes
mellitus decreased serum albumin level and damaged the
liver. Additionally, it has been shown that both white and
black chia seeds can enhance liver function and reduce
liver damage (44,45). Our findings corroborated those of
a previous study (46) that found the levels of albumin were
significantly higher in the chia seed extract treatment
group compared to the control group. This might be
because chia seeds contain a high amount of omega-3,
which is considered an antioxidant, playing a role in
stimulating protein synthesis throughout the body by
decreasing lipid peroxide and increasing catalase activity,
which and reduce lipid peroxide. The mechanism of the
hepatoprotective action of garden cress might be related
to the ability to inhibit lipid peroxidation in the liver. The
presence of flavonoids triterpenes, alkaloids, tannins,
and coumarins in garden cress seeds explain its role in
hepatoprotection by inhibiting the free radicals mediated
damage (47).

The evaluation of kidney function showed that renal
failure was a diabetic complication due to the effect of
glucose on the renal glomerulus and the oxidative stress
present in diabetes mellitus causing the alternation in the
kidney function and leading to increase in both serum urea
and creatinine. Diabetes induction affected renal function
by increasing serum urea and creatinine levels. This result
was consistent with the fact that STZ-induced diabetes led
to diabetic nephropathy (48). Treating the diabetic rats with
garden cress with different concentrations of methanol
extract caused a significant decrease in serum urea and
creatinine. Flavonoids and phenolic compounds protected
against diabetic nephropathy in STZ- induced diabetic rats
improving blood urea nitrogen and creatinine as well as
kidney tissue damage, with a reduction in mitochondrial
damage (49). Moreover, the extract of garden cress had
both renal protective and curative effects as it significantly
reduced the blood levels of urea and creatinine indicating
an increased glomerular filtration rate (42). In addition,
chia seed methanolic extract had renal protective effects
by decreasing blood levels of urea and creatinine in CCL4-
induced renal toxicity. The authors explained their results
by the high scavenging activity for free radicals of chia due
to high level of flavonoids with excess hydroxyl groups in
their structure (4).

From the results of pancreatic function evaluation,
increased levels of trypsin and amylase occurred due
to the inflammation of the pancreas. While after the
oral administration of black chia and garden cress,
the pancreatic function was improved to regulate the
production of trypsin and amylase enzymes due to their
antioxidant effect, which decremented the oxidative
stress on the pancreatic cells and improved the sensitivity
of insulin to uptake glucose by cells. Acute or chronic
pancreatitis is often indicated by elevated amylase levels.

Amylase levels rose four to six times beyond the upper
limit of the normal range due to acute pancreatitis
(50). When digestive enzymes get activated, irritate
the pancreatic cells and result in inflammation. Acute
pancreatitis can damage the pancreas over time, which
can result in chronic pancreatitis. The pancreas may
develop scar tissue, which would impair its functionality.
Diabetes and digestive issues were brought on by an
inefficient pancreas (51). When pancreatic inflammation
developed, trypsin levels in all patients increased. In the
small intestine, serum trypsin was created along with its
precursor enzyme. The subsequent activation of other
pancreatic enzymes by trypsin caused tissue damage and
ultimately the auto-digestion of pancreatic cells or the
pancreas. Both black chia and garden cress seeds had
anti-inflammatory properties that improved pancreatic
function, returned trypsin concentration and amylase
enzyme activity to normal levels, and increased the
pancreatic capacity to carry out its typical function (52).

The results of microscopic examination of the pancreatic
tissue confirmed that diabetes mellitus induction caused
oxidative stress in pancreatic cells, resulting in damage
and atrophy in beta of Langerhans, while administration
of different treatments led to a decrease in the oxidative
stress on pancreatic tissue and improved pancreatic
function. Our findings were consistent with earlier
findings (53) that showed that treatment with garden cress
seeds improved the pancreatic architecture and caused
the islets of Langerhans to regenerate. Garden cress’s
potent ability to repair the histological damage caused
by STZ and hyperglycemia was explained by increasing
cell repair and proliferation, stimulation, and enhancing
insulin secretion. This powerful action was likely a result
of the garden cress’s flavonoids, alkaloids, and polyphenol
contents. Hexadecadienoic acid content of garden cress
seeds was reported (42) to inhibit the combination of
AGEs with their receptors and resulted in inhibiting the
MAPK pathway of inflammatory cytokines production.
Decreased inflammatory conditions regenerated the
structure of pancreatic tissue. Moreover, Chia seeds
have been reported to regenerate the normal structure
of pancreatic tissue by decreasing free radicals and
inflammatory conditions through their high omega-3 fatty
acids content, which have anti-inflammatory effects by
inhibiting NF-kB pathway, the pathway of inflammatory
cytokines production (4).

Conclusion

Injection of STZ resulted in hyperglycemia, disturbed lipid
metabolism, oxidative stress, glycation, inflammation,
and disturbed liver, kidney, and pancreas functions, in
addition to structural alteration of pancreas tissue. Being
keen to consume food high in antioxidant contents
and phytochemicals, such as polyphenols, carotenoids,
and flavonoids seem to be sufficient in alleviating
hyperglycemia and associated disorders. Black chia and
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garden cress seeds can prevent hyperglycemia and the
glycation process. In addition to their antioxidant and anti-
inflammatory effects that appeared as a marked reduction
of oxidative stress markers (MDA, SOD, and GSH) and
inflammatory cytokines (IL-1p and INF-y), black chia and
garden cress seeds have hepatoprotective, renoprotective,
and pancreatic protective effects. These protective
effects appeared in liver, renal, and pancreatic function
parameters (albumin, total bilirubin, urea, creatinine,
trypsin, and amylase), as well as on the pancreatic tissue
structure of STZ-injection animals.
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