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Abstract:

Diabetes is a complex metabolic disorder affecting the glucose
status of the human body. Chronic hyperglycaemia related to diabetes is
associated with end organ failure. The aim of this study to estimate the
effect of Lepidium sativum(garden cress) and Glycyrrhiza glabra
(Licorice )on bodyweight, feed intake, lipid profiles, renal, hepatic
function markersand the glucose levels in diabetic rats. Forty two (42)
adult male albino rats (Sparague Dawley Strain), weighing 150 = 5 g,
were used. Rats of diabetic group were equally divided into 6 subgroups
each one include 6 rats. The first group received basal diet as negative
control group for 28days.Body weight, lipid profile & renal function
(urea, uric acid creatinine) ALT & AST activities in addition to glucose
and histological structure of liver and pancrease were estimated .Data
showed that diabetic rats without treatments significantly increased liver
enzymes and lipid profile concentration compared with negative control,
while significantly decreasing final body weight and HDL; meanwhile
treatment with Lepidium sativum(garden cress) , Glycyrrhiza glabra
(Licorice ) and their mixture significantly decreased the lipid profile ,
liver enzymes whereas administration of herbal powder and its mixture
significantly ameliorated these hepatic and pancreatic structures.So,
Treatment with Glycyrrhiza glabra (Licorice ) followed by herbal
mixture and Lepidium sativum(garden cress) improved diabetes and its
associated metabolic problems in different degrees. Also they might be a
safe combination on the organs whose functions were examined, as a
way to surmount the diabetes state; and it has a distinct anti-diabetes
effect.

Keywords: Diabetic rats, kidney functions, hepatic function ,lipid
profile, Lepidium sativum (garden cress), Licorice( Glycyrrhiza glabra)
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Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized by
total or partial deficiencies in insulin secretion and/or insulin function
associated with hyperglycemia and alteration in the metabolism of
carbohydrate, protein, and fat (ADA, 2008). Diabetes mellitus (DM) is
one of the most common chronic conditions affecting millions of people
all over the world leading to morbidity and mortality worldwide
particularly in developing countries (Roden and Shulman, 2019).
Approximately 537 million adults between the ages of 20-79 years had
diabetes mellitus worldwide and is anticipated to surge to 643 by 2030
and 783 million by 2045 ( Chan, 2020). The uncontrolled diabetes
mellitus may lead to severe clinical consequences such as retinopathy
(eye disease), nephropathy (kidney disease), neuropathy (nerve disease),
cardiovascular disease, and other diabetes-related health problems
(Magliano, 2021).

Lifestyle modifications including diet and exercise, anti-
hyperglycemic drugs, and insulin are the main modes of treatment for
diabetes. The key objective of all diabetic treatment is to combat
hyperglycemia and to maintain the blood glucose level as near to normal
as possible (Chatterjee et al., 2017). However, many of the used
diabetes synthetic drugs have side effects and may develop drug
resistance (Gastaldelli et al., 2017). Plants play an essential role in
medicines. Medicinal plants have cultural acceptance , compatible,
adaptable and effective with fewer side effects (Bahmani et al., 2015).

Glycyrrihiza glabra, commonly known as licorice, belongs to the
family of Leguminosae and has been used as a flavoring agent and
medicinal remedies for years. Glycyrrghiza is derived from the ancient
Greek term glykos meaning sweet , and rihza, meaning root. Medicinal
parts used are roots and Rhizome. It contains active components such as
glycyrrhizin, glycyrrhetic acid, flavonoids, isoflavonoids, and chalcones
(Sharma et al., 2020).

Licorice root is commonly used in traditional medicine, particularly
for gastric and duodenal ulcers, dyspepsia and allergenic reactions.
Licorice components also exhibit anti-arthritic, anti-arrhythmic, anti-
bacterial, anti-viral and steroid like anti-inflammatory activity
(Kalaiarasi et al., 2009 and Batiha et al., 2020).

Leptdium sativum L., commonly known as garden cress, is an annual
herb belonging to Brassicaceae (Cruciferae) family that is native to
Egypt and West Asia. Garden cress is also known as garden pepper
cress, pepper grass, or pepperwort. Seeds, leaves, and roots are used in
treating various human diseases. Garden cress seeds are a rich source for
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proteins, dietary fibers, omega-3 fatty acids, iron, and other essential
nutrients and phytochemicals (Sharma et al., 2012 and Mishra et al.,
2017).

The aim of this work was to determine the effects of Lepidium
sativum L. and Glycyrrhiza glabra on biological parameters, liver
enzymes, kidney functions and histological structure of liver and
pancreas of alloxan-induced diabetic rats.

Materials and Methods
Material
Source of garden cress and licorice roots

Garden cress (Lepidium sativum) and licorice roots (Glycyrrhiza
glabra) were obtained from Harraz, Cairo, Egypt. Alloxan to induce
diabetes in rats was purchased from EI-Gomhoria Company for Drugs,
Chemical and Medical Instruments, Giza, Egypt.

Alloxan

Alloxan, which is chemically known as 5, 5-dihydroxyl
pyrimidine-2, 4, 6-trione is an organic compound which was obtained
from Al-Gomhoria Company for Drugs, Chemical and Medical
Instruments, Giza, Egypt.

Animals

Forty two (42) adult male albino rats (Sparague Dawley Strain),
weighing 150 = 5 g, were used. The animals were obtained from
Research Institute of Ophthalmology, Medical Analysis Department,
Giza, Egypt. The animals were housed in cages and received normal rat
chow and tap water ad-libitum in a constant environment with a 12h
light and 12h dark cycle. The animals were fed on the basal diet and
were under observation for 7 days for adaption prior to the start of the
experiments.

Diet and chemicals kits

The basal diet were prepared according to the following formula as
mentioned by AIN(1993). Every 100g consists of the following: 12g.
casein, 10 g. corn oil, 0.3 g. methionine , 0.2 g. choline chloride, 4 g.
minerals (Hegested et al., 1941)., 1 g vitamin mixture (Campbell,
1963), 5 g cellulose and 67.5 g corn starch . The basal diet was stored in
a dry place away from direct sunlight. Casein, vitamins mixture,
minerals mixture, cellulose, methionine and choline chloride were be
obtained from EI-Gomhoriya Company, Cairo, Egypt. Chemical Kits
used in this study (TC, TG, HDL-c, ALT, AST, ALP, bilirubin, urea,
creatinine, albumin) were obtained from Al-Gomhoria Company for
Drugs, Chemical and Medical Instruments, Cairo, Egypt.
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Methods
Preparation of garden cress and licorice roots

To prepare garden cress and licorice roots powder were drying
them at 45 °C for 3 hr., and ground to a fine powder using an air mill,
high speed mixture (Molunix, Al-Araby company, Benha, Egypt) and
then serving as powder .
Induction of diabetic rats

Thirty six rats was intravenously injected with 150 mg/kg body
weight alloxan (50 mg/kg bw for three consecutive days) , after fasting
for 12 hours to induce diabetes according to Etuk and Muhammed(
2010). Rats induced diabetes mellitus when blood glucose was more
than 200mg/dl in the fasting state.
Experimental design

Forty two (42) adult male white albino rats, “Sprague Dawley”
Strain, 10 weeks age, weighing (150+10g) were used in this experiment.
After adaptation period, rats were divided into 7 groups, six rats per each
as follows: Group (I): Rats fed on basal diet as a negative control.
Group (2): Diabetic rats fed on basal as a positive control .
Groups( 3): Diabetic rats were fed on basal diet with 5% Lepidium
sativum .
Groups (4): Diabetic rats were fed on basal diet with 10% Lepidium
sativum .
Groups( 5): Diabetic rats were fed on basal diet with 5% Glycyrrhiza
glabra.
Groups( 6): Diabetic rats were fed on basal diet with 10% Glycyrrhiza
glabra.
Group (7): Diabetic rats were fed on basal diet containing 10%mixture
of Glycyrrhiza glabra and Lepidium sativum.
Biological Evaluation

The diet consumed was recorded every day, body weight was record
every week. The body weight gain (BWG ), feed efficiency ratio (FER),
and relative organs weight were determined according to Chapman et
al., (1959). The relative organ weight was calculated by dividing the
organ weight on the total body weight of each rat and then multiplied by
100.
Blood Sampling

Blood samples were collected after 12 hours fasting at the end of
experiment in which the rats were scarified under ether anaesthesia
(Schermer, 1967). Blood samples were collected into dry clean
centrifuge tubes and left to clot in water bath (37°C) for half an hour.
The blood was centrifuged for 10 minutes at 3000 r.p.m. to separate the
serum. Serum was carefully aspirated into clean cuvetle tube ans stored
at (-20°C) until biochemical analysis.
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Chemical Analysis:

Moisture, protein, fat, fiber, and ash contents of garden cress and
licorice were determined according to methods described by the
A.O.A.C. (2010). Carbohydrate was calculated by differences as follow :
% carbohydrate = 100 — ( % moisture + % protein + % fat + % fiber + %
Ash).

Biochemical Analysis

Serum glucose level was determined by enzymatic colorimetric
method according to Trinder (1969). Triglycerides levels in serum
were measured according to Fassati and Prencipe (1982), total
cholesterol according to Allain (1974), HDL - cholesterol according to
Lopez (1997). Calculations of VLDL and LDL — cholesterol according
to the method of Lee and Nieman (1996) as follows: VLDL (mg/dl) =
triglycerides/5 , LDL (mg/dl) = total cholesterol-HDL-c — VLDL-c.
Determination of GPT (ALT) and GOT (AST): alanin amino transferase
activity and asparate amino transferase activity was determined
calorimetrically according to the method of Henry(1974) and Reitman
&Frankel( 1957). Serum alkaline phosphatase (ALP) was determined
according to (IFCC methods, 1983), and serum albumin was measured
according to (Doumas et al.,, 1971). Serum urea was measured
according to the enzymatic method of (Patton and Crouch ,1977), uric
acid was measured using the modified kinetic method according to
Baraham and Trinder (1972), serum and urine creatinine was
measured according to kinetic method of (Henry, 1974).
Histopathological Examinations

Liver and pancrease of the scarified rats were dissected, removed,
washed with normal saline and put in 10% formalin solution. The fixed
specimens were then trimmed, washed, and dehydrated in ascending
grades of alcohol. Specimens were cleared in xylene, embedded in
paraffin, sectioned at 4-6 microns thickness, stained with Hematoxylen
and Eosin (H and E) and then studied under an electronic microscope
according to Weibel and Paumgartner( 1978).

Statistical Analysis

The data was analyzed using the software SPSS version 20. Results
were expressed as the mean + SD. Data for multiple variable
comparisons were analyzed by one way analysis of variance (ANOVA),
followed by student’ t-test. The p-value less than 0.05 were considered
statistically significant (Snedecor and Cochran, 1980).
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Results and discussion

Data in Table (1). shows the chemical composition of L. sativum
and G.glabra. From the obtained results, L. sativum was significantly
higher in mean values of protein, fat, fiber, ash, and energy than G.
glabra, whereas G. glabra was significantly higher in carbohydrate than
L. sativum. There was no statistical differences in moisture content.
Proximate composition (%) of L. sativum seeds reported by Eddouks
and Maghrani, (2008) indicated that it had appreciable amounts of
protein (17.9 to 24.2), lipids (13.7 to 23.2), carbohydrates (34.7 to
40.11), fiber (11.9to 19.76), ash (4.01 to 7.1), and moisture (2.9 to
7.09) and These data are in agreement with the obtained results. The
results obtained by Weidner et al. (2012) and Kataria et al.(2013) are
in agreement with the obtained results which revealed that licorice’s
fiber (10.98-20.41 g/100g) are the most abundant constituents that
show potential health benefits. While ash and protein contents were
represented with moderate amount 7.61to 10,76 and 3.12to 7.19
g/100g, respectively. Low moisture content (4.11 g/100g) was found
in licorice root so remains an asset in storage attributes and
preservation of the nutrients. Licorice root had a really low amount of
fat ( about 2.21 g/100g), so it might be helpful for weight loss. It has
revealed that licorice roots has reducing sugars as a major component
(40.47 @/100g) that corresponds to its high energy (210.53 to

360.43kcal/100gq) .

Table (1). Chemical composition of L. sativum and G. glabra g/100g dry
weight

Constituents (g/100g) Lepidium sativum L. Glycyrrhiza glabra
Moisture 6.872 £ 1.07 6.322+£1.02
Protein 18.03* +1.07 9.03%+ 0.37
Fat 13.76°+ 0.87 2.07°+0.23
Fiber 18.08%+2.03 11.33°+1.32
Ash 4.42 *+ 0.87 3.78 "+ 0.09
Carbohydrate 38.84°+ 4.95 67.47%+ 10.97
Energy 351.32 %+ 7.94 324.63°+ 8.76

*The results are means of triplicate determination + standard deviation
The effect of feeding L. sativum and G. glabra on feed intake, feed
efficiency ratio and body weight gain are shown in Table (2). Feed intake
values decreased in diabetic rats fed on diet containing L. sativum or G.
glabra or the mixure compared to positive control group. The decrease was
significant (P < 0.05) in groups 10 % L. sativum, 10 % G. glabra, and 10
% (L. sativum + G. glabra). Concerning body weight gain, there was a
significant increase in the above mentioned groups compared to positive
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group (P < 0.05). FER increased in groups fed on diet containing L.
sativum or G. glabra or the mixure compared to positive control group (P
< 0.05). The increase in FER in group 10 % G. glabra and 10 % mixture
was nonsignificant when compared to negative control group. The current
results due to the effect of HMF, showed a significant decrease in body
weight and food consumption in accordance with the findings of York et
al. (2007). Several isoflavans constituents of licorice are unique
phytoestrogens, which like estradiol, affect the serotonergic system,
inhibiting serotonin re-uptake and thereby increasing the levels of
serotonin in synaptic clefts. This enhances satiety and resembles the
action of sibutramine, but naturally, Dietary phytoestrogens may also
activate AMPK leading to a reduction in food intake (Cederroth et
al.,2018). Our study is a novel trial for using a phytoestrogen in fennel,
licorice and anise as a natural serotonin reuptake inhibitor instead of
sibutramine.

The reduction in food intake produced by Glycyrrhiza glabra root
extract, in this study, could be possibly attributed to the presence of
either a glycoside glycyrrhizin, which is 50-fold sweeter than sugar or
bitter principles that may reduce food intake. The increase in body
weight gain by Glycyrrhiza glabra root extract is in accordance with that
reported by Ofir et al., (2013). The authors of the previously mentioned
study explained this finding on the basis that Glycyrrhiza glabra inhibits
11 B-hydroxysteroid dehydrogenase and that induces excess release of
mineralocorticoids, which causes retention of sodium and water that
leads to oedema and increase in body weight. However, the increased
body weight gain that reported in this study could be possibly explained
by the improvement in feed efficiency reported herein.

Table (2). The effect of feeding L. sativum and G. glabra on feed intake,
body weight gain, and feed efficiency ratio in diabetic rats

i 17 2024 L 06Dl g aaludl aad)

Groups
Negative | Positive | 5%L. 10%L. | 5%G. 10%G. | 10%
Control control | sativum sativum | glabra | glabra Mixture
parameters | (G1) (G2) (G3) (G4) (G5) (G6) (G7)
FI 12.9° 10.90° 9.73° 8.08° 9.78° 8.04¢ 7.67¢
g/100g +1.78 +1.02 +0.05 +0.91 +0.52 | £0.49 +0.63
BWG 42272 22.41° 22.58° 27.82° | 23.27¢ | 28.98° 29.92°
0/28 days +3.11 +5.13 +2.54 +0.76 +354 | £4.70 +3.04
FER 0.1172 0.078° 0.086° 0.111*@ | 0.085° | 0.118? 0.119?
g/100g +0.001 +0.002 | £0.002 +0.006 | +£0.002 | +0.01 +0.01
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Means with different letters (a, b, ¢, d) in the same raw differ
significantly at p<0.05, while those with similar letters are non-
significantly different.

As shown in Table (3). There was a significant increase (P < 0.05)
in relative organs weight (liver, kidney, and pancreas) in positive control
group compared to the negative control group. Liver and pancreas
weight were decreased in groups 10 % L. sativum, 10 % G. glabra, and
10 % mixture compared to positive control group (P < 0.05). Kidney
weight decreased significantly (P < 0.05) in diabetic rats fed on diet
supplemented with 10 % L. sativum, 5 % G. glabra, 10 % G. glabra, and
10 % mixture.

Table (3). The effect of feeding L. sativum and G. glabra on some relative
organs weight (gram) of diabetic rats

Animal Negative | Positive | L. L. G. G. 10%
Groups | Control control | sativum | sativum | glabra | glabra | Mixture
Parameters 5% 10% 5% 10% (G7)
(G1) (G2) (G3) (G4) (G5) (G6)

L w /Bw 2.13° 2.86% 2.66% 2.58° 2738 | 252> | 2.34°
9/100g 10.14 +0.77 +0.75 +0.98 +0.04 | +x0.74 | £0.76
K w/Bw 0.59° 0.672 0.642 0.60° 0.61° | 0.59° | 0.59°
g/100g +0.42 +0.33 +0.39 +0.29 +0.01 | +0.21 | 0.11
P w/Bw 0.34¢ 0.532 0.532 0.42° 0.51* | 0.43" |0.40°
g/100g +0.02 +0.61 +0.61 +2.03 +0.62 | +0.57 | £0.69

All results are expressed as mean + SD. Values in each raw which have
different letters are significantly different (P <0.05).

Data in Table (4). demonstrated that there was a significant increase
in blood glucose level in the positive control group compared to the
negative control group at the end of the study. There was a significant
decrease (P < 0.05) in blood glucose level in diabetic rats fed on diet with
different levels of L. sativum and G. glabra or the mixture. The best results
was recorded for group 7
(10 % mixture).

Hypoglycemia induced by Ls is probably mediated through
enhanced secretion of insulin from the beta-cells of the pancreatic islets
or through an extra pancreatic mechanism. Moreover, LS may reduce the
effect of inflammatory cytokine release during diabetes which may be
one of the causative agents for the insulin resistance (Frayn , 2002).
Also, its effect due to increased fat mobilization from adipose tissue and
resistance to the antilipolytic actions of insulin. Impaired insulin action
is associated with an oversupply of lipids. This increased availability led
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to either elevated lipid stored in insulin target tissues (e.g. muscle, liver
adipose) or increased plasma FFA or triglyceride (Rao et al.,2016).
Table (4). The effect of feeding L. sativum and G. glabra on fasting blood
glucose in diabetic rats (mg/dl).

Intervals | Negative | Positive | L. L. G. G. 10
Control | control | sativum | sativum | glabra glabra %Mixture
(G1) (G2) 5% 10% 5% 10% (G7)
(G3) (G4) (G5) (G6)

Blood 94.8° 302.1* | 270.6° | 213.2° | 265.1° 209.9¢ 195.7¢
glucose | +6.87 +9.28 +4.79 +9.67 +4.53 +7.31 +6.22
mg/dI

All results are expressed as mean + SD. Values in each raw which have
different letters are significantly different (P <0.05).

Data in Table (5). demonstrated that parameters associated with
lipid profile such as TC, TG, HDL-c, LDL-c, and VLDL-c were
improved in diabetic rats fed on diets containing L. sativum or G. glabra
or the mixture when compared with positive control group. These
Improvements were statistically significant (P < 0.05) in all parameters in
groups 4 (10 % L. sativum), 5 ( 10 % G. glabra), and 7 (10 % mixture).
T. chebula components of HMF have hypocholesterolemic activity that
might be mediated through increased cholesterol excretion in the feces.
In addition anthraquinone glycosides from rhubarb in the HMF have
lipid-lowering effects, resulting in depression of lipid accumulation. It
consequently has anti-atherosclerotic properties (Liu et al., 2008). The
results showed that oral administration of Glycyrrhiza glabra root
extract to male rats for 4 weeks induced significant (p < 0.05) decreases
in serum total cholesterol and triglycerides associated with non-
significant decreases in concentrations of HDL-c, LDL-c and VLDL-c
fractions . The decrease in serum total cholesterol and triglycerides
reported in this study is similar to that reported by Ofir et al., (2013)..
The authors of the previously mentioned studies attributed the
hypocholesterolemic effect of Glycyrrhiza glabra to the presence of
certain isoflavones, which act as antioxidants via inhibition of LDL-c
oxidation and that inhibits the local mechanism of atherogenesis.
Glycyrrhizin, the active constituent in licorice root, which is another
plant in the mixture, exerts hypocholesterolemic action by stimulating
the conversion of cholesterol into bile acids without effect on cholesterol
synthesis (Novikov et al., 2009). Glabridin, a natural polyphenolic
isoflavone antioxidant from licorice root extract in HMF possesses
potent free radical scavenging activity that could promote a decrease in
lipid peroxidation and could protect LDL from oxidation. This would
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occur via a direct interaction with the lipoprotein and/or an indirect
effect through accumulation in arterial macrophages. Therefore licorice
represents a potent nutrient, which can attenuate the development of
atherosclerosis, secondary to its antioxidant properties against lipids
peroxidation in arterial cells (Vaya et al., 2007 and Thornalley , 2008).
Table (5). The effect of feeding L. sativum and G. glabra on lipid profile in
diabetic rats

Serum lipids | Negative | Positive | L. L. G. G. 10%

Control | control | sativum | sativum | glabra | glabra | Mixture
5% 10% 5% 10%
(G1) (G2) (G3) (G4) (G5) (G6) | (G7)

Total 95.26¢ 163.73% | 156.87% | 140.36° | 160.8° | 142.57° | 131.44°
cholesterol +1.19 +2.15 +0.13 | +0.12 | +3.21 |+151 |#121

Triglycerides | 106.48° | 129.8° | 127.4* | 116.68" | 124.36% | 117.28" | 114.88°
+0.13 0.03+ +2.01 | +0.63 | +0.02 |=+0.45 | +0.02

HDL- 5394° | 40.87° | 40.89° |4592° |4390° |43.93° | 46.96°
cholesterol | +0.12 | £115 |+0.04 |0.03 |+097 |0.03 |+0.14
LDL- 2029 [969° |905° |7L1° |738 |641° |6L5
cholesterol | +1.17 | #4.34 |+0.74 |091 |$024 |+341 |+2.43
VLDL- 2129 °©|2596 °| 2548 °| 2334 °| 2487 *|23.45 | 2298

cholesterol +1.07 +2.18 +0.17 | +4.13 | £0.98 |°+1.19 | P+0.15

All results are expressed as mean + SD. Values in each raw which have
different letters are significantly different (P <0.05).

Data in Table (6). shows a significant increase (P < 0.05) in serum
urea, uric acid, and creatinine levels in the positive group compared
with the negative control group due to the diabetic nephropathy. There
were improvements in renal function parameters upon feeding a basal
diet with different levels of L. sativum and G. glabra. The decrease
was statistically significant (P < 0.05) in group 4 (10 % L. sativum), 5 (
10 % G. glabra), and 7 ( 10 % mixture).

Abnormal renal function is mainly associated with diabetic
nephropathy. The pathophysiology involves glucose that binds
irreversibly to proteins in the kidney circulation to form advanced
glycosylation end products that can form complexes that contribute to
renal damage by stimulation of fibrotic growth factors . The oral
administration of LS extract clarified that serum concentration of urea;
uric acid and creatinine were significantly decreased. The herbal drugs
containing tannins have a uremic-toxin-decreasing action, whereas
rhubarb’s tannins significantly improved BUN creatinine, glomerular
filtration rate and renal blood flow. In this respect rhubarb has proven
effective as a diuretic in rabbit models, apparently by blocking sodium-
potassium ATPase in the renal medulla (Rao et al., 2016).
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Based on previous recommendations, LS was advised for treatment
of hypertension, diabetes, and renal disease . The protective and curative
effect of LS extract on the renal function was observed as it significantly
reduced the level of urea and creatinine, indicating increased glomerular
filtration rate when administrated daily for 3 weeks (Al Hamedan,
2010). Glabridin, a natural polyphenolic isoflavone antioxidant from
licorice root extract in HMF possesses potent free radical scavenging
activity that could promote kidney functions(Deng et al., 2020).

Table (6). The effect of feeding L. sativum and G. glabra on kidney
functions in diabetic rats.

Parameters | Negative | Positive | L. L. G. G. 10%
Control | control | sativum | sativum | glabra | glaba Mixture
(G1) (G2) 5% 10% 5% 10% (G7)

(G3) (G4) (G5) (G6)

Creatinine 0.69° 1.96% 1.822 1.43° 1.78% 1.67° 1.21¢

mg/dI +0.31 +0.21 +0.07 +0.14 +0.01 +0.02 +0.07
Uric Acid 2.35¢ 2.95? 2.828 2.56P 2.75° 2.67° 2.51P
mg/dI +0.15 +0.22 +1.00 +0.21 +0.11 +15 +0.81
Urea

Nitrogen 25.2d 48.46% | 42.76° | 37.18"> | 39.15* | 40.21° | 35.1¢
mg/dI +1.15 +0.1 +1.3 +1.2 +0.5 +0.7 +0.2

All results are expressed as mean + SD. Values in each raw which have
different letters are significantly different (P <0.05).

Table 7 shows the effect of administration of L. sativum and G.
glabra powder for 4 weeks on liver functions in the serum of diabetic
rats. The mean values of AST, ALT, and ALP in serum of the positive
control group was significantly (P < 0.05) higher than that of the negative
control. The mean values of serum albumin in the positive control were
significantly (P < 0.05) lower than that of the negative control. Treating the
diabetic rats with different levels of L. sativum and G. glabra decreased
the mean values of AST, ALT, and ALP in the serum compared with
that of the positive control and increased the mean values of serum
albumin. The present results demonstrate that the LS showed a
significant decrease in the activity of both AST and ALT agreeing with
the resulted obtained by (Al Hamedan, 2010).The presence of
flavanoids, triterpens, alkaloid, tannin, and coumarins in LS explains its
role in hepatoprotection by inhibiting the toxic radicals mediated
damage.

Moreover, Woo et al. (2008) reported that the glycosides of Glycyrrhiza
glabra prevent accumulation of cholesterol in cells as well as human
blood serum. Results obtained in this study revealed that oral
administration of Glycyrrhiza glabra root extract to male rats for 4 weeks
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produced a significant (p < 0.05) reduction in the levels of AST and
ALT enzymes in the serum. The results revealed that Glycyrrhiza glabra
root extract reduced the levels of hepatic enzymes (AST and ALT) in the
serum of rats. This finding is consistent with the findings of who
reported that glycyrrhizin of Glycyrrhiza glabra reduced the liver
enzymes in rats and induced interferon production in patients with
chronic hepatitis B and C(Vaya et al., 2007).

Table (7). The effect of feeding L. sativum and G. glabra on liver functions
in diabetic rats.

Parameters | Negative | Positive | L. L. G. G. 10%
Control control sativum | sativum | glabra | glabra | Mixture
5% 10% 5% 10% )G7)

(G1) (G2) (G3) (G4) (G5) (G6)
AST(U/L) | 26.1¢ 45.22 38.5° 31.7¢ 39.1° [32.1¢ |[27.7
+0.67 +4.91 +0.21 +0.75 +0.90 | £9.3 +1.91
ALT(U/L) | 19.8° 38.92 38.42 30.7° 36.4° [29.5° |20.9
+1.31 3.51+ +4.5 +0.25 +3.51 | +6.82 | £4.06
ALP (U/L) | 80.1° 97.7% 86.7° 79.7° 84.1> [80.1° | 785°
+0.67 +2.71 +4.46 +1.55 +4.61 | +2.31 |£1.92
Albumin 3.842 2.81° 2.90° 3.22° 2.98> [3.09° |3.28°
mg/dI +0.152 +1.05 +0.05 +0.01 +0.03 | £2.31 | £1.65

All results are expressed as mean + SD. Values in each raw which have
different letters are significantly different (P <0.05).

The histopathology of liver is shown in photo (1). Liver tissues of
rat from negative control group showing average central venule (yellow
arrow) , average blood sinusoids ( red arrow) and hepatocytes (blue).
Liver section from Alloxan treated (diabetic control) group, sinusoidal
congestion , dilated c.v central vein of liver lobule, Vascular
degeneration of hepatocytes in zone 3. Increase vacualation in the
cytoplasm of hepatocytes as indistinct clear vacuoles indicating glycogen
infiltration in diabetes as shown in photo (2). Liver section of diabetic
rat administered with 10% G. glabra showed normal hepatocytes and
normal of hepatic architecture with mild vacuolation of hepatocytes
arranged in normal sheets around central vein photo (4). Liver section of
diabetic rat administered with 5% G. glabra showed minimal portal
inflammation. inflammatory cells limited to portal tracts the presence of
mild lymphocytic inflammatory infiltrate with occasional eosinophils in
the portal area are shown in photo (3). According to Rizzato et al.
(2017), glycyrrhizin and glycyrrhetinic acids prevent drug-induced liver
injury and ensure the disruption of bile acid metabolism in humans.
Indeed glycyrrhetinic acid has been reported as anti-inflammatory and
hepatoprotective compound whereas glycyrrhizin, when compared with
the placebo, induced a significant reduction in the serum
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aminotransferases and improved the liver histology . It has also been
reported that the long-term use of glycyrrhizin prevents the development
of hepatocellular carcinoma in chronic hepatitis C (Yin et al., 2017).
Liver section of diabetic rat administered with 5% L. sativum
showed minimal portal inflammation, inflammatory cells limited to
portal tracts the presence of mild lymphocytic inflammatory infiltrate
with occasional eosinophils in the portal area photo (5). Liver section of
diabetic rat administered with 10% L. sativum showed normal
hepatocytes and normal of hepatic architecture with mild vacuolation of
hepatocytes arranged in normal sheets around central vein phoyo (6).
Liver section of diabetic rat administered with mixture showed few
portal inflammation. low necrosis consist of inflammatory cell
aggregates, mostly composed of lymphocytes and macrophages photo
(7). The present results agreeing with the resulted obtained by (Al
Hamedan, 2010) who reported that the presence of flavanoids,
triterpens, alkaloid, tannin, and coumarins in LS explains its role in
hepatoprotection by inhibiting the toxic radicals mediated damage.

Photo (1): Liver of rat from group (1) fed on basal diet as control group (
_ H&E X200)
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e
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Photo (2): I|ver of dlabetlc rat from group (2) fed on basal dlet as positive
control group( H&E X200)
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Photo (6): Liver of diabetic rat fed on basal diet with 10% L. sativum ( G6) (
H&E X200)
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The histopathology of pancrease is shown in photo (8). Normal
average islets of Langerhnas (yellow arrow) , normal average secretory
acini (red arrow) . For Pancreatic tissue of diabetic rats Photo
(9)showed architecture of the islets is disrupted islets of Langerhans
exhibited hydrophobic cells, necrotic cells, vacuolizations and irregular
hyperchromic nuclei. Pancreas of diabetic rat treated with G. glabra 5%
showing normal sized islets of langerhans some degeneration of the -
cell Photo (10). Pancreas of diabetic rat treated with G. glabra 10%
showing normal sized islets of langerhans some degeneration of the f3 -
cell Photo (11).Pancreatic tissue of diabetic rats treated with L. sativum
5 % showing hypertrophy and vacuolations of B-cells of islets of
Langerhans Photo (12). Pancreatic tissue of diabetic rats treated with L.
sativum 10% showed no vacuolizations and appear highly divided B-
cells in the islets of Langerhans Photo (13). Rat fed on mixture of herbs
, pancrease showed normal B-cells in the islets of Langerhans Photo
(14). In the same line, Brady et al.( 2002) showed a decrease in serum
fasting glucose levels upon administration of 200 and 400 mg/kg
Glycyrrhiza glabra root extract in diabetic rats. Likewise, Glycyrrhiza
glabra contains glabridin, a polyphenolic flavonoid, which posess a
hypoglycemic effect. Glycyrrhizic acid is another bioactive component
in Glycyrrhiza glabra has shown to improve glucose metabolism in rats
fed on a high-sucrose diet (Kalaiarasi and Pugalendi, 2019). The
decrease in serum fasting glucose concentration seen in our study can be
explained by the presence of benzyl isothiocyanate (BITC), a bioactive
phytochemical found in Lepidium sativum (Kholoud et al., 2019).
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Photo (9): Pancrease of diabetic rat from group (2) fed on basal diet as
B ‘gos'itive control grou
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Photo (10): Pancrease of diabetic rat fed on basal diet with 5% G. glabra

Photo (11): Pancrease of diaetic rat fed on basal diet wih 10% G. glabra
(G4) (H&E X200)
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Photo (12): Pancrease of dlabetlc rat fed on basal diet with 5% L. sativum

__(G5) (H&E X200)

. 5N
Photo (14) : Pancrease of diabetic rat fed on basal diet with 10% mixture (G7)
( H&E X200)
Conclusion
Diabetes mellitus is a metabolic disease characterized by increased blood
ﬂlucose levels, known as hyperglycemia. It Tposes a great challenge to the
ealth care system in the world. Many of the used diabetes synthetic
drugs have side effects and may develop drug resistance . Thus, the need
to use medicinal plants as a mode of treatment for diabetes has been
increased as Glyc?/rrhlza glabra root and Lepidium sativum powder.
10% G. glabra followed by 10% had higher effect on the biological and
biochemical markers of dlabetlc rats. The histological studies showed
altered pathological changes in the tissues of liver and pancreas as a
result of diabetes in the positive control group. Treating diabetic rats
with G. glabra root powder followed by the mixture and L. sativum
seeds and restored the altered tissues.

57




i 17 2024 L 06Dl g aaludl aad) dac gl A @l ANt doalad) Alaal) |

References :
AIN (1993): American Institute of Nutrition purified diet for laboratory
rodent, Final Report. J. Nutrition, 123: 1939-1951.

Al Hamedan, W.(2010): Protective effect of lepidium sativum L. seeds
powder and extract on hypercholesterolemic rats. Journal of American
Science, 6(11):873-879.

Allain, C. Z.; Poon-L. S. and Chan, C. S. (1974):American Institute of
Nutrition Purified diet for Laboratory Rodent , Final report., J.
Nutrition, 123:1939-1951.

ADA(American Diabetes Association) (2008):Medical Management of Type
2 Diabetes.6" ed. Alexandria, VA, American Diabetes Association,

AOAC, (2010): Official Methods of Analysis of the Association of Official
Agricultural Chemists. Arlington, Virginia, U.S.A.

Bahmani, M.; Sarrafchi, A.; Shirzad, H.; Shahinfard, N.; Rafieian-
Kopaei, M.; Shahsavari,S.; Baharvand-Ahmadi, B.; Taherikalani,
M. and Ghafourian, S. (2015): Pharmaceutical, phytochemical, and
economical potentials of Glycyrrhiza glabra L: A review. Journal of
Chemical and Pharmaceutical Sciences, 8, 683-692

Baraham, D. and Trinder, P. (1972): Quantitative enigmatic colorimetric
determination of determination of uric acid in serum plasma or urine.
Analyst.,97:142.

Batiha, G. E.; Beshbishy, A. M.; EI-Mleeh, A.; Abdel-Daim, M. M.,
and Devkota, H. P. (2020): Traditional uses, bioactive chemical
constituents, and pharmacological and toxicological activities
of Glycyrrhiza glabra L. (Fabaceae). Biomolecules, 10, 352.

Brady, M.; Bhatia, M.; Christmas, S.; Boyd, M.T.; Neoptolemos, J.P. and
Slavin, J.(2002):Expression of the chemokines MCP-1/JE and
cytokine-induced neutrophil chemoattractant in early acute
pancreatitis. Pancreas, 25:260-269.

Campbell, J. A. (1963): Methodology of Protein Evaluation. RAG Nutr.
Document R. 101 Led.37 June Meeting, New York.

Chan .C.N. (2020):The Lancet Commission on diabetes: using data to
transform diabetes care and patient lives. Lancet, 23(6)342-351.
Chapman, D. G.; Castillo, R. and Campbell, J. A. (1959): Evaluation of
protein in foods:1. A method for the determination of protein
efficiency ratio.Canadian Journal of Biochemistry and Physiology,

37(5): 679-68.

Chatterjee, S.; Khunti, K. and Davies, M.J. (2017):Type 2
diabetes. Lancet, 389: 2239-2251.

Cederroth, C.R.; Vinciguerra, M.; Gjinovci, A.; Kihne, F.; Klein, M.;
Cederroth, M.; Caille, D.; Suter, M.; Neumann, D.; James, R.W.;
Doerge, D.R.; Wallimann, T.; Meda, P.; Foti, M.; Rohner-
Jeanrenaud, F.; Vassalli, J.D. and Nef, S.(2018): Dietary

58


https://www.sciencedirect.com/science/article/pii/S0140673620323746
https://www.sciencedirect.com/science/article/pii/S0140673620323746

i 17 2024 L 06Dl g aaludl aad) dac gl A @l ANt doalad) Alaal) |

phytoestrogens activate AMP-activated protein  kinase  with
improvement in lipid glucose metabolism. Diabetes.57:1176-85.

Deng, Q. P. ; Wang, M. J. ; Zeng, X. ; Chen, G. G. and Huang, R. Y.
(2020): Effects of glycyrrhizin in a mouse model of Ilung
adenocarcinoma. Cellular Physiology and Biochemistry: International
Journal of Experimental Cellular Physiology, Biochemistry, and
Pharmacology, 41(4): 1383-1392.

Doumas , B.T. and Biggs, H.G. (1971): Albumin standard and measurement
of serum albumin with bromocresol green .Clin . Chem. , 31:78.

Eddouks, M. and Maghrani,M. (2008): Effect of Lepidium sativum L. on
renal glucose reabsorption and urinary TGF- 8 1 levels in diabetic rats.
Phytother. Res., 22: 1-5.

Etuk, E.U. and Muhammed, B.J. (2010): Evidence based analysis of
chemical method of induction of diabetes mellitus in experimental rats.
Int. J. Res. Pharm. Sci., 1: 139-142.

Fossati, P and Prencipe, L (1982): Serum triglycerides determined
colorimetrically with an enzyme that produces hydrogen peroxide..
Clinical Chemistry, 28(10): 2077-2080.

Frayn, K.N.(2002): Insulin resistance, impaired postprial lipid metabolism
abdominal obesity. A deadly triad Med. Princ. Pract., 11 (Suppl 2): 31-
40. 10.

Gastaldelli, A.; Gaggini, M. and DeFronzo, R.A.(2017): Role of Adipose
Tissue Insulin Resistance in the Natural History of Type 2 Diabetes:
Results From the San Antonio Metabolism Study. Diabetes , 66: 815—
822.

Kholoud,H.; Toliba,A.O.; Gehan, A.; EIShourbagy, Sh.E. and El-
Nemr,E.(2019):Chemical and functional properties of garden cress
(Lepidium sativum L.) seeds powder, Zagazig J. Agricul. Res.,46 (5) :
1517e1528.

Hegsted, D.; Mills, R. and Perkins, E. (1941): Salt mixture. J. Biol. Chem.,
138: 459.

Henry, R. J. (1974): Clinical Chemist: Principels and Techniques. 2",
Edition, Hagerstoun (MD), Harcer, ROW, P. 882.

Henry, R. J. (1974): Clinical Chemist: Principels and Techniques. 2",
Edition, Hagerstoun (MD), Harcer, ROW, P. 882.

I.LF.C.C. (1983): Methods for the measurement of catalytic concentration of
enzymes - Part 5: IFCC, methods for alkaline phosphatase. J. Clin.
Chem. Clin. Biochem.,21:731-748.

Kalaiarasi, P. and Pugalendi, K. V. (2009): Antihyperglycemic effect of 18
beta-glycyrrhetinic acid, aglycone glycyrrhizin, on streptozotocin-
diabetic rats. European Journal of Pharmacology, 606: 269-273.



i 17 2024 L 06Dl g aaludl aad) dac gl A @l ANt doalad) Alaal) |

Kataria, R.; Singh, G.; Gupta, A.; Jalhan, S. and Jindal, A. (2013):
Pharmacological activities on Glycyrrhiza glabra—a review. Asian J.
Pharm. Clin. Res., 6(1): 5-7.

Lee, M. and Nieman, D. (1996): lological Evaluation Of Balady Bread As
Affected By Replacing Wheat Flour With Different Levels Of Date
Fiber. Nutrition Assessment. 2" Ed. Mosby, Missouri, USA, 591-594.

Liu, Y.; Yan, F.; Liu, Y.; Zhang, C.; Yu, H.; Zhang, Y. and Zhao,
Y.(2008): Aqueous extract of rhubarb stabilizes wvulnerable
atherosclerotic plaques due to depression of inflammation lipid
accumulation. Phytother. Res.,22: 935-42.

Lopez ,M.F. (1977) : HDL- cholesterol colorimetric method .J. Clin .
Chem., 230:282.

Magliano, J. (2021): Trends in the incidence of diagnosed diabetes: a
multicountry analysis of aggregate data from 22 million diagnoses in
high-income and middle-income settings Lancet Diabetes
Endocrinol.,23(9):216-222.

Mishra, N.; Mohammed, A. and Rizvi, S.1.(2017): Efficacy of Lepidium
sativum to act as an anti-diabetic agent. Prog. Health Sci., 7 (1):1e10.

Novikov, D.K.; Mukhamedova, N.A.; Lakeev, lu.V.; Charyev, K.E. and
Repin, V.S.(2009): Effect of mevinolin glycyrrhizinic acid on
cholesterol  bile acid  metabolism in  cultured rabbit
hepatocytes. Biokhimiia.,57:897-903.

Ofir, R.; Tamir ,S.; Khatib, S. and Vaya, J.(2013): Inhibition of serotonin
re-uptake by licorice constituents. J. Mol. Neurosci., 20:135-40.
Patton, C. J. and Crouch, S. R. (1977): Spectrophotometric and kinetics
investigation of the Berthelot reaction for determination of ammonia.

Anal. Chem., (49):464-469.

Rao, N.K. and Nammi, S. (2016): Antidiabetic and renoprotective effects of
the chloroform extract of Terminalia chebula Retz seeds in
streptozotocin-induced diabetic rats. BMC Complementary Alternative
Medicine, 7 (6): 17-10.

Reitman, S. and Frankel, S. (1957): Colorimetric method for the
determination of serum glutamic oxaloacetic and glutamic pyruvic
transaminases. Am.J. Clin. Patholo., 28: 56.

Rizzato, G. ; Scalabrin, E. ; Radaelli, M. ; Capodaglio, G. and Piccolo, O.
(2017): A new exploration of licorice metabolome. Food
Chemistry, 221: 959-968.

Roden, M.and Shulman, G.1.(2019): The integrative biology of type 2
diabetes. Nature ,576: 51-60.

Schermer, S. (1967): The Blood Morphology of Laboratory Animal.
Longmans, Printed in Great Britain, Green and Co.LTd, P. 350.

Sharma R. K.; Vyas K. and Manda H.(2012): Evaluation on antifungal
effect of ethanolic extract of Lepidium sativum seed. International

60


https://www.sciencedirect.com/science/article/pii/S2213858720304022
https://www.sciencedirect.com/science/article/pii/S2213858720304022
https://www.sciencedirect.com/science/article/pii/S2213858720304022

i 17 2024 L 06Dl g aaludl aad) dac gl A @l ANt doalad) Alaal) |

Journal of Phytopharrnacololgy ,3(2):117-120.

Sharma, S. K.; Jain, S.; Bahl, P.; Potturi, P.; Rathi, M.; Naidu,
S.; Sachdeva, N.; Dhir, V. and Jain, S. (2020): Ovarian dysfunction
with moderate-dose intravenous cyclophosphamide (modified NIH
regimen) and mycophenolate mofetil in young adults with severe
lupus: A prospective cohort study. Arthritis Research
Therapy, 22, 189.

Snedecor, G.W. and Cochran, W.G. (1980): Statistical methods 7th ed.,
lowa State Univ. Press, Ames lowa, USA, Hard Cover: 507 p.

Thornalley, P. J. (2008):Protein and nucleotide damage by glyoxal and
methylglyoxal in physiological systems—role in ageing and disease.
Drug metabolism and drug. Interaction, 23, 125-150.

Trinder, P.(1969): Glucose. Ann. Clin. Biochem., (62):24-33.

Vaya, J.; Belinky, P.A. and Aviram, M.(2007): Antioxidant constituents
from licorice roots: isolation, structure elucidation antioxidative
capacity toward LDL oxidation. Free Radic Biol Med., 23:302-13.

Weibel, E. R. and Paumgartner, D.(1978): Integrated stereological and
biochemical studies on hepatocytic membranes. Il. Correction of
section thickness effect on volume and surface density estimates. J.
Cell Biol., 77(2):584-97.

Weidner, C.; Groot, J. C.; Prasad, A.; Freiwald, A.; Quedenau,
C.;Magdalena, K.; Witzke, A.; Kodelja, V.; Han, C.; Giegold,

S.; Baumann, M.; Klebl, B.; Siems, K.; Miller-Kuhrt,

L.; Schirmann, A.; Schiller, R.; Pfeiffer, A. F. H.; Schroeder, F.
C.; Bussow, K., and Sauer, S. (2012): Amorfrutins are potent
antidiabetic dietary natural products. Proceedings of National
Academy of Sciences, 109, 7257-7262.

Woo, M.N.; Bok, S.H.; Lee, M.K.; Kim, H.J.; Jeon, S.M.; Do, G.M.; Shin,
S.K.; Ha, T.Y. and Choi, M.S.(2008): Anti-obesity hypolipidemic
effects of a proprietary herb fiber combination (S&S PWH) in rats fed
high-fat diets. J. Med. Food, 11:169-78.

Yin, X. ; Gong, X. ; Zhang, L. ; Jiang, R. ;Kuang, G. ; Wang, B. and Wan,
J. (2017): Glycyrrhetinic acid attenuates lipopolysaccharide-induced
fulminant hepatic failure in d-galactosamine-sensitized mice by up-
regulating expression of interleukin-1 receptor-associated kinase
M. Toxicology and Applied Pharmacology, 320: 8-16.

York, D.A.; Thomas, S.; Greenway. F.L.; Liu, Z. and Rood, J.C.(2007):
Effect of an herbal extract Number Ten (NT) on body weight in
rats. Chin Med. 14:10.



i 17 2024 L 06Dl g aaludl aad) dac gl A @l ANt doalad) Alaal) |

Jouully bl ol (o g pl1g ol i 3 JS ol il 3

ObiS QI Al 9nl Syt
Oladal) ALy gl [ A Gl ) Jale /o)
Laalal) agle s Adal) Jad Laala) agle s Adal) M
ddgiall daals — Buall 2Ly S Ll Ldsiall aals adhyg
L) hhaa ariall 3o 4300 e s sland [a

AaalaY) asles A8 ayde

dgidl dnals — Zocgil) Angll 48
Ll padlal)

L) s A 3eSslal) (Sinn o g diaa ol Ciblaial g oSl g
Ayl el Jad (o<l sl (rayal aliadll aall 3 Gpadall Sl g lisy) Jasiy
0o olially el (s o Gugadpally SN (e IS 80 (bl Aol o8 Caagls
Lladl ohadll (& 5sSelall ligiaay aslly S @l oy Gspall Sy lad)
+ 150 Gyse ALl elandl sl HeS3 (e (42) Gaenpls i) alasiud &5 LSl ¢l
pai dejd Glegans 6 L gl (Sl Lladll deganall )8 st & .aba 5
Jobe dajlin degaaeS Unlia Lilde Lllas Jo¥) deganall cdli o)y 6 degana S
sl aea (bysdll) S dadigy (saall (Ssis camal) iy ks S Llagy 28 Badl
DsSshall (Y ALEY L pdas)igine) Gy ypdes)iginel () Laldss (gaasb Sl
eadle a ol Al dlad) ol o il coelal . oebSully wSUl sl uSlly
O (A cdbas gl gl ae Alie Geaall 550 ASl Gilasy] (8 80 il )
G ALl Lay ESD ) Jg ed oS0l Sl avall (39 Bagale IS8 caatss|
Ll 2l @lasiily Osaall (s5inn (& Lagale (aleasl ) Leghailag Gugudyally ol
ChSH O gy Bsale S GbpSadly ST sl QSAL (& G )l
Lasbluall @bl dagyall (Sl sl HB) e s QLESYT (o LAl ady sl sl
iy oa I (lgaillay and @ S sliac) o il 4S5 ol LS L diliae sy
Sl el e il Al Cus (oSl Jodl Gage e il
—osaal Lasl Cailagl) — S Cila g <l Joll Blias oy ¢ doaliiy) cilalst)
cpusedpall = AL s

62



