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Abstract: Background: The aim of this study was to investigate the effects of aqueous extract of alfalfa on blood glucose and serum lipids in alloxan-
induced diabetic rats. Materials and methods: Thirty-two adult male Wistar rats weighing 210-250 g were selected and divided randomly into four
groups of eight animals each for 21 days as follows: (1) control group, (2) diabetic control group, (3) diabetic group plus aqueous extract of alfalfa
(250 mg/1), and (4) diabetic group plus aqueous extract of alfalfa (500 mg/1). Serum concentrations of total cholesterol (TC), low-density
lipoprotein  cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), very low-density lipoprotein
(VLDL), glucose, and the liver enzymes such as aspartate transaminase (AST) and alanine transaminase (ALT) were measured at the end of
period in all studied groups. Results: Administration of 250 and 500 mg,/l aqueous alfalfa extract resulted in a significantly decreased glucose, TC, TG,
LDL-C, VLDL, ALT, and AST levels and increased HDL levels as compared with the control group and diabetic control group (p<0.05).
Histological examination showed that the aqueous alfalfa extract caused reconstruction of damaged liver and pancreas. Conclusion: These results
suggest that aqueous alfalfa extract revealed significant effects on blood lipids and glucose levels in diabetic rats and might be useful in prevention and

treatment of diabetes. However, further studies are needed to determine the exact impacts of those effects.
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Introduction

Diabetes mellitus is the most common chronic disease
that affects the endocrine system. It is a metabolic disor-
der of carbohydrate, fat, and protein, affecting a large
number of populations in the world. Diabetes mellitus is
not a single disorder, but it is a group of metabolic dis-
orders that are characterized by chronic hyperglycemia,
resulting from defects in insulin secretion, insulin action,
or both. Increased thirst, increased urinary output, keto-
nemia, and ketonuria are the common symptoms of
diabetes mellitus, which occur due to the abnormalities
in carbohydrate, fat, and protein metabolism [1, 2].
Diabetes mellitus has caused significant morbidity and
mortality due to microvascular (retinopathy, neuropathy,

and nephropathy) and macrovascular (heart attack,
stroke, and peripheral vascular disease) complications [ 3 ].

Considering the great developments in human
knowledge about diabetes mellitus diversity and know-
ing that it is one of the major health, social, and
economic problems in the world, a need for finding
effective compounds, with fewer side effects, to treat
diabetes and its complications has been arisen [4].
Although medicinal herbs and their derivatives have
been used as a remedy for diabetes mellitus for a long
time, in most cases their effectiveness has not yet been
proven by any valid research [5]. Recent decades have
seen a rapid rise in reports indicating that botanical
dietary supplements can help and prevent disease with
various steps [6, 7].
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Alfalta (Medicago sativa) or green gold is one of the
medicinal plants that are used in traditional medicine due
to being high in protein, calcium, and vitamins, and low in
percentage of cellulose. It contains many enzymes, includ-
ing amylase, invertase, and pectinase, and so it can be used
as digestive aids. More than 20% of the dry weight of alfalfa
is protein and it is the best source of amino acids, such as
arginine (Arg), histidine (His), aspartic acid (Asp), phenyl-
alanine (Phe), and cysteine (Cys). Alfalfa has an extremely
high-nutritive value, which includes vitamins A, B1, B6,
B12, C, D, E, and K, niacin, pantothenic acid, biotin, folic
acid, minerals, protein, and beneficial saponins [8, 9].
Previous studies showed that adding of alfalfa seed in
human diet reduced triglycerides (T'G) and decreased
blood sugar levels [10, 11]. Alfalfa leaves are traditionally
used in South Africa as an effective treatment for diabetes
[12]. Alfalfa causes stimulation of insulin secretion, and also
improves insulin function by reducing the plasma glucose
[12]. Increasing of cholesterol and TG levels is due to lack
of insulin, resulting in fat storage in the liver [13]. Insulin
deficiency in diabetic patients leads to increased levels of
amino acids in the blood, and it will lead to an increase in
transaminase activity, and its eventual result is the increas-
ing of ketogenesis and gluconeogenesis [14, 15].

Therefore, the aim of this study is to evaluate the effects
of'aqueous extract of alfalfa on serum lipids, blood glucose,
and liver enzymes in alloxan-induced diabetic rats.

Materials and Methods

Thirty-two adult male Wistar rats of about 3-5 months of
age and weighing 210-250 g were purchased from the
Razi Institute (Karaj, Iran). They were fed with rat labo-
ratory chow diet during 2 weeks of adaptation, and then
were divided randomly into four groups of eight animals
cach for 21 days as follows: (1) control group, fed by usual
water and food, (2) diabetic control group, (3) diabetic
group by gavage 250 mg/l dose of aqueous extract of
alfalfa, and (4) diabetic group by gavage 500 mg/1 dose of
aqueous extract of alfalfa. Rats selected for the intervention
group, were injected with 120 mg/kg dose of alloxan
monohydrate, 7 days after injecting alloxan monohydrate
to confirm the diabetic state in rats [16], blood glucose
level of rats was measured, and rats with blood glucose
concentration more than 200 mg/100 c¢m® that were
diabetics were selected [17].

Identification and preparvation of the aqueous extract of

alfalfn

M. sativa was collected before sprouting from Semirum
District, Isfahan Province. The plant specimen was au-
thenticated and deposited at the Herbarium of the Col-
lege of Sciences, Isfahan University. The aerial part of the
plant was dried in shade.
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For preparing the treatment sample, alfalfa plants were
collected after the approval of agricultural experts, dried
in the shade, and then grinded. Resulting powder was
dissolved in physiological serum, and the solution was
filtered and used for oral administration after 48 h.

Prepared aqueous solution of alfalfa was administrat-
ed orally or intraperitoneally in 250 mg/1 dose to third
diabetic group and 500 mg/1 dose to fourth group (only
to alloxan monohydrate-induced diabetics). For investi-
gation of treatment effect 21 days after the alfalfa solu-
tion administration, blood samples from all animals were
prepared and serum concentrations of total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), TG, very
low-density lipoprotein (VLDL), glucose, and the liver
enzymes such as aspartate transaminase (AST) and ala-
nine transaminase (ALT) levels were measured at the
end of supplementation period in all studied groups.

Histological studies

After a 3-week experimental period and the last blood
sampling, the whole pancreas and liver was removed after
sacrificing the animal and was immersed in 10% formalin
for histopathological examination. Sections were cut
and stained with hematoxylin and eosin for histological
examination [18].

Statistical analysis

Statistical analyses were conducted using SPSS software
version 13.0 (SPSS Inc., Chicago, IL, USA). Between-
group comparisons of biochemical factors were carried
out using Kruskal-Wallis test. Post-hoc multiple compar-
isons were made using Tukey’s test. p < 0.05 was consid-
ered as statistically significant.

Results

Measurement of blood glucose, AST, and ALT levels in
rats showed that the diabetic control group that were
treated by alloxan monohydrate has increased level of
blood glucose, AST, and ALT as expected. Glucose, AST,
and ALT concentrations of blood in two diabetic groups
that were treated by alfalfa solution (250 and 500 mg/1
aqueous alfalfa extract) showed significant decrease as
compared to diabetic controls without alfalfa treatment
(p<0.05) (Table I). As shown in Table I, the decrease of
blood glucose, AST, and ALT levels in rats that were
treated with 500 mg/1 dose is more than in rats with
250 mg/1 dose treatment.

Table 11 shows TC, TG, LDL-C, and VLDL levels of
rats blood comparison of all groups confirmed diabetic
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Table I I Effects of alfalfa on serum concentrations of blood glucose and liver enzymes in experimental groups

Parameters Control group  Diabetic control group  Treated with 250 mg/1 dose  Treated with 500 mg/] dose
Glucose (mg/dl) 56+16.17° 48.80 +2.38" 55.50 +4.23%° 47.57 + 6.57*

AST (1U/1) 127 + 3.47° 199 +14.22° 178.25 + 8.08° 138.45 +2.37%

ALT (TU/) 53.55+1.43° 84 +2.33° 62.37 £2.09%° 54 +3.1%¢

All values are expressed as mean + SD (n=8), AST: aspartate transaminase, ALT: alanine transaminase
*Significant difference with the diabetic control group (p < 0.05)

bSignificant difference with the normal control group (< 0.05)

“Significant difference with the treated by 250 mg/1

Table II I Effects of alfalfa on serum concentrations of lipid profile parameters in experimental groups

Intact control Diabetic control Treated with Treated with
Parameters group group 250 mg/1 dose 500 mg/1 dose
TG (mg/dl) 104.87 +7.39° 221.87+13.37° 175.37 +12.43% 153.5 +10.90%>
TC (mg/dl) 81.52 +5.65° 131.12+11.36" 100.72 £2.62%° 90.77 +2.47%¢
HDL-C (mg/dl) 15.05 + 3.61* 9.85+2.03" 22.65+5.26™ 31.87 +7.50°>
LDL-C (mg/dl) 17 +3.02° 19.62+2.61° 18.37+3.71%° 15.25 + 3.19%
VLDL (mg/dl) 34.37+7.79° 78.87 +9.34° 53.25+8.11°° 42.12 £11.45%

All values are expressed as the mean + SD (z = 8), TG: triglycerides, TC: total cholesterol, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-
density lipoprotein cholesterol, VLDL: very low-density lipoprotein

“Significant difference with the diabetic control group (p < 0.05)

“Significant difference with the normal control group (< 0.05)

“Significant difference with the treated by 250 mg/1

rats (that treated with alloxan monohydrate) have higher
in blood rather than intact control group. Rats treated
with the extract of aqueous alfalfa (250 and 500 mg/1)
showed a significant decrease in TC, TG, LDL-C, and
VLDL levels compared with untreated diabetic control. As
shown in Table I1, the decrease of blood glucose, TC, TG,
LDL-C, and VLDL levels in rats that were treated with
500 mg/1 dose is more than in rats with 250 mg/1 dose
treatment.

Table II shows the HDL level of rat’s blood. Rats
treated with the extract of aqueous alfalfa (250 and
500 mg/1) showed a significant increase in the HDL
level as compared to untreated diabetic control. As shown
in Table 11, the increase in HDL level in rats that were
treated with 500 mg/1 dose is more than in rats with
250 mg/1 dose treatment.

Pancreas and liver cells were highly organized in the
normal (control) rats with intact cells. The pancreas and
liver cells were disorganized in the diabetic rats with
impaired cells. However, the pancreas and liver cells in
the groups of treatment with alfalfa aqueous were im- .
proved compared with the diabetes group (Figs I and 2). Fig. 1. Liver cross-section in the studied groups at the end of

The hiStOlOgy of the pancreas (Flg 2) reveals that the 21 days. The histological studies revealed a significant
normal (control) rats had intact pancreatic islets. How- reduction in the treated diabetic groups. Aqueous alfalfa
ever, alloxan-induced diabetic rats (diabetic control rats) extract caused reconstruction of damaged liver. (A) Liver of

. . . control rats that shows normal arrangement of hepatocytes,
showed depleted islet cells. Diabetic rats that had been (B) liver slice of diabetic control group, (C) liver of rats

treated with the 250 mg/1 extract showed preserved islet treated with 250 mg/1 dose, and (D) liver of rats treated
cells, which is an improvement from what occurred in with 500 mg/1 dose. All panels were stained with hema-
the untreated alloxan-induced diabetic rats. Further toxylin and cosin, 400X magnification
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Histopathological effect of aqueous extract of alfalfa on
the changes of pancreatic islets of alloxan-induced dia-
betic rats at the end of 21 days. (A) Negative control —
pancreas, (B) diabetic control — shows depleted islets,
(C) diabetic rats treated with 250 mg/1 of extract — shows
preserved islets, and (D) diabetic rats treated with
500 mg/1 of extracts — shows full regeneration of islets
and exocrine. All panels were stained with hematoxylin
and eosin, 400x magnification

improvements were observed in rats that had been
treated with 500 mg/1 of extract, such as more promi-
nent islet cells, which indicated an improvement in the
architecture of the pancreas as the concentration of the
extract increased.

Discussion

This study investigated the effects of alfalfa extract as a
possible cure for diabetes disease, so we used diabetic
rats induced by alloxan monohydrate injection. Diabetic
rats were under oral administration of aqueous extract
of alfalfa in different doses. Twenty-one days after
oral administration, the TG, cholesterol, and glucose
levels of blood were measured, and the results were
analyzed.

Results showed that diabetics rats that were treated
with alfalfa extract introduced blood factors improved
compared with diabetic control that did not receive
treatment. This improvement was enhanced with admin-
istration of high alfalfa dose.

Comparison of diabetic control and intact control
rats showed an increase of cholesterol level in diabetic
control rats. Both treatment groups compared with
control diabetic group showed a significant decrease in

. ISSN 2061-1617 © 2016 The Author(s)
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cholesterol level, which may suggest the positive effect of
alfalfa in cure.

Diabetic control group showed decreased level of
HDL compared with intact control group. Reduced
HDL level is one of the signs of diabetes discase
and application of alfalfa extract caused compensation
of this decrease in diabetic rats that were treated by
alfalfa.

Previous studies confirmed that alloxan-induced dia-
betes caused tissue lipid peroxidation in liver, kidney, and
heart. It also caused secretion and release of liver enzymes
to circulation [19, 20]. In other words, diabetes and
hyperlipidemia result in destruction of cells by altering
membrane structure by which the activity of liver
enzymes in diabetic rat is increased [15]. Therefore, it
appears that alfalfa extraction causes reduction of liver
enzymes that may be due to improved diabetes and lipid
peroxidation.

In patients with diabetes, increased levels of liver
enzymes in the blood indicate liver damage. Under
normal circumstances, these enzymes are within the liver
cells but in hepatic disorders that liver cells are damaged,
enzymes are released into the bloodstream. Oral admin-
istration of alfalfa extract with 250 mg/1 dose decreased
liver enzyme concentration in blood and this decrease was
more significant in 500 mg/l dose, so alfalfa extract
caused reduction of liver damage.

Overall, the results suggest that the aqueous extract of
alfalfa significantly reduces blood sugar, TG, cholesterol,
and LDL levels and increases HDL levels and liver
enzymes (AST and ALT) in blood. AST and ALT are
good indicators for liver function [21].

The histological studies revealed a significant reduc-
tion in the size of Langerhans islets in the diabetic group,
and this group showed significantly increased liver inflam-
mation compared with intact control group. Therefore,
aqueous alfalfa extract caused reconstruction of damaged
liver and pancreas.

Alfalfa stimulates insulin secretion and improves insu-
lin function resulting in the reduction of plasma glucose
concentration [12]. A previous study reported the in-
crease of insulin secretion up to 3-fold in the presence of
alfalfa extraction [22]. Oral administration of alfalfa seeds
triggered the reduction of blood lipoprotein level in
diabetics that this factor was very high. Alfalfa is a phy-
toestrogen source [23]. Phytoestrogens are non-steroidal
plant-derived compounds with biological activity similar
to estrogen [24]. Phytoestrogens increase liver lipid
biosynthesis from glucose [25].

Alfalfa consists of saponins that have heart-protective
effects due to cholesterol reduction, and these agents
can absorb in digestive system in the body [26].
Saponins inhibit cholesterol esterase and acetyl coenzyme
A carboxylase enzymes, so inhibit fatty acid synthesis,
which increases the ratio of HDL-C to LDL-C. There-
fore, they can be effective in reducing cardiovascular
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complications of diabetes. Saponins decrease the intesti-
nal absorption and increase the defecation of cholesterol
[27]. Alfalfa is a rich source of vitamins and phytoestro-
gens, and so it is used as a food additive in many devel-
oped countries [28, 29]. The liver is one of the organs
that is affected by diabetes [26]. When liver enzyme
activity increases in serum, it reflects liver damage and
increased activity of liver enzymes ALT and AST is
because of leakage from the cytosol into the blood stream
[30, 31]. Inflammation that showed in liver slice of
untreated diabetic rats was very slight in rats that were
cured with alfalfa extraction. This may show curable effect
of alfalfa in liver disease improvement.

Diabetes is associated with increased oxidative stress,
and antioxidants are able to reduce the oxidative stress
and ameliorate diabetes mellitus complications [28-30].
It should be noted that antioxidants are also able to
reduce the plasma lipid level [31, 32] and ameliorate
liver damage [33]. Hence, alfalfa that has antioxidant
activity may have these positive effects, at least in part, by
its antioxidant activity. Antioxidants also reduce other
complications of diabetes including renal damage
[33-35]. Therefore, alfalfa may have more benefits on
diabetic and hyperlipidemic patients.

Conclusion

The results of this study indicate that the diameter and
number of pancreatic islets were significantly increased in
diabetic rats treated with the extract compared with
diabetic controls. According to biochemical and histo-
logical results, we can conclude that the mechanism of
alfalfa extract for hypoglycemia is islets repair.
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