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The eftects of aqueous extract of alfalfa
on blood glucose and lipids
in alloxan-induced diabetic rats
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Abstract: Diabetes is a common metabolic disorder that is specified by hyperglycemia resulting from defects in insulin secretion, insulin action,
or both. The use of nonpharmacological treatments (herbal agents) is a new approach in the management of diabetes. The aim of this study was
to investigate the effect of aqueous extract of alfalfa on blood glucose and serum lipids in alloxan-induced diabetic rats. In this study, 32 female
rats (210-250 g) were used which were divided randomly into 4 groups including intact control group, diabetic control group, and 2 diabetic
groups which received 250 and 500 mg/kg doses of aqueous extract of alfalfa, respectively. In the diabetic groups, alloxan-monohydrate
was injected peritoneally to create diabetic condition. The two last groups orally received aqueous extract of alfalfa for 21 days. At the end
of experiment, sugar, cholesterol, triglycerides, high-density and low-density lipoprotein, and aspartate aminotransferase (ALT) and alanine
aminotransferase (AST) levels were measured in the samples. Consumption of aqueous alfalfa extract significantly reduced glucose, cholesterol,
triglycerides, and low-density lipoprotein (LDL) levels in the diabetic rats but enhanced high-density lipoprotein (HDL) levels. ALT and AST
liver enzyme levels were also reduced in blood. Histological examination showed that the aqueous alfalfa extract caused reconstruction of
damaged liver and enhanced Langerhans islets’ diameter in pancreas. Therefore, all signs of diabetes were improved by oral administration of
alfalfa in defined dose.
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Introduction This fact has previously confirmed that herbal drugs
have fewer side effects than chemically synthetic drugs,
Diabetes mellitus is one of the most common chronic so researchers followed herbal drugs or agents to pre-
diseases in nearly all countries, and it continues to in- venting and treating diabetes [3].
crease in numbers and is significant because of changes Alfalfa or green gold is one of the medicinal plants
in lifestyles that have led to reduced physical activity that are used in traditional medicine due to being high
and increased obesity. According to the 2000 statistics, in protein, calcium, and vitamins and also its low per-
there were 177 million diabetic patients in worldwide, centage of cellulose. It contains many enzymes, includ-
and this number increased to 284.8 million in 2010 [1]. ing amylase, invertase, and pectinase, so it can be used
It is the most common disease that involves endocrine as digestive aids [4]. More than 20% of dry weight of
system. Its complications are hyperglycemia and im- alfalfa is protein, and it is the best source of Arg, His,
paired metabolism of carbohydrates, fats, and proteins. Asp, Phe, and Cys amino acids. Alfalfa has an extreme-
Currently, the main treatment for diabetes mellitus ly high nutritive value; it includes vitamins A, B1, B6,
is using insulin and hypoglycemic drugs, although there B12, C, D, E, and K| niacin, pantothenic acid, biotin,
are many proven side effects for these compounds [2]. folic acid, minerals, protein, and beneficial saponins [5,
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6]. Previous studies showed that adding alfalfa seed in
human diet reduced triglycerides and LDL, improved
HDL levels, and decreased blood glucose [7, 8]. There-
fore, alfalfa leaves are traditionally used in South Africa as
an effective treatment for diabetes [9, 10]. Alfalfa causes
stimulation of insulin secretion. It also improves insulin
function in reducing the plasma glucose, but its effects
on the blood lipids have not been investigated widely
[10, 11].

Insulin deficiency in diabetic patients leads to in-
creased levels of amino acids in the blood, and it will lead
to an increase in transaminase activity (enhanced level of
AST and ALT levels); eventually, its result is increase of
ketogenesis and gluconeogenesis [12, 13].

This paper examined the effects of different ratios
which concentrate to alfalfa extraction on blood lipids
and glucose in rats. Histological studies have also been
conducted on pancreas tissue.

Our results like previous studies confirmed that the
lack of insulin in addition to the rise of blood glucose
will increase cholesterol and triglycerides levels. Increase
in insulin reduces fat storage in the liver [14], and alfalfa
improves this status.

Materials and Methods

This study was conducted on experimental animals, and
we used adult male Wistar rats weighing 250-300 g
obtained from the animal house of martyr portal. Ani-
mals with average age of 3-5.2 months were selected.
Testing was carried out at temperature of 20-25 °C; day
duration was 12 h and dark period was 12 h. Municipal
tap water was used as drinking water and animal feed
as nutrition (compressed feed), which the company that
prepared feed was buying. Forty experimental animals
were randomly divided into four groups (10 rats in each
group) as follows: first was control group fed with usual
water and food; second was diabetic control group; third
was experimental group, which consists of diabetic rats
administrated with 250 mg/kg dose of aqueous extract
of alfalfa; and fourth group, which consists of diabetic
rats treated with 500 mg/kg dose. The last three dia-
betic groups were created by intraperitoneal injection of
120 mg/kg dose of alloxan monohydrate for produc-

ing alloxan-induced diabetic rats [15]. Seven days after
alloxan monohydrate injection for confirming the dia-
betic state in rats, blood glucose of rats was measured,
and rats with blood glucose concentration more than
200 mg/100 cc that were diabetics have been selected
(8 rats of 10 reach to diabetic state) [16]. The first con-
trol group is injected by physiologic serum for equiva-
lency of shock obtained by intraperitoneal injection.

For preparing the treatment sample, alfalfa plants were
collected after approval of agricultural experts and then
were dried in the shade and grinded. The resulting pow-
der was dissolved in physiological serum, and after 48 h,
solution was filtered and used for oral administration.

Prepared aqueous solution of alfalfa was administrat-
ed orally in 250 mg/kg dose to the third diabetic group
and 500 mg/kg dose to the fourth group (note that
these two groups were alloxan monohydrate-induced
diabetic). Alfalfa administration was repeated every day
orally. This continued up to 21 days. For investigation
of treatment effect after this time interval, blood samples
from all animals were prepared, and blood glucose, cho-
lesterol, and triglyceride were measured.

Alanin aminotransferase (ALT) and aspartate amino-
transferase (AST) were assayed by Reitman and Frankel
method [17].

The results were analyzed based on the statistical pro-
gram SPSS in which ANOVA and Tukey tests were con-
ducted to measure the significant difference in the level
< 0.05.

For histological studies at the end of experiment, rats
were anesthetized by diethyl ether and their livers were
removed and fixed by 10% natural formalin bufter. After
tissue processing, the samples were blocked in cylindrical
paraffin blockers and then stained by hematoxylin—eo-
sin [14]. It should be noted that the samples’ diameter
is 5-6 pm. Stained tissue samples were studied by light
microscope.

Results

This study used alloxan monohydrate for creating dia-
betic status in rats except for the first control group [15].
Investigation of the feeding behavior of the treated rats
showed, at early stage of experiment, daily uptake of

Table I Measurement of food and water uptake in beginning and end of experiment. As shown, usage
of water and food in diabetic rats enhanced
Uptake water (mL) Uptake food (g)
Groups - -
Baseline End of study Baseline End of study
Intact control 52.6 +9.4 53.1 +10.3 18.5+4.2 17.8 £+ 4.7
Diabetic control 148.2 £ 20.1° 158.2 + 37.5" 384+52" 39.1+4.8"
Treated by alfalfa 151.2 £ 26.4" 136.6 = 33.3" 352+ 34" 33.5+4.5"
* Asterisk symbols showed significant changes by P < 0.05
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Table IT | Blood glucose and lipids measurement, which showed TG, Chol, and LDL increased in diabetic rats which decreased by alfalfa
treatment. HDL improved by treatment also. Glucose increased by alloxan-induced diabetes and decreased by alfalfa treatment

Groups Intact control Diabetic control ~ Treated by 250 mg/kg Treated by 500 mg/kg
BS (mg,/100 c.c.) 107 + 7.89 24225 + 1415 182.5 +11.07" 168.25 + 16.30"
TG (mg/100 c.c.) 94.87 +7.39 231.87 +13.37" 169.37 + 14.43" 144.5 + 11.90
Chol (mg/100 c.c.) 71.62 565  120.12 +11.36 90.62 + 3.62° 80.75 + 3.57
HDL (mg/100 c.c.) 16.25 +2.71 10.75 + 1.03" 18.75 + 4.26 28.87 +9.50
LDL (mg/100 c.c.) 12+ 3.02 21.62 +2.61° 19.37 + 3.81° 14.25 + 3.19
VLDL (mg/100 c.c.) 43.37 +7.79 88.87 +9.34" 50.25 +9.117" 37.12+11.55

* Asterisk symbols showed significant changes by P < 0.05

Table IIT
of liver enzymes

Enzymes Intact control Diabetic control
AST (IU/L) 117 +4.37 299 +16.22"
ALT (IU/L) 43.75 + 1.83 94 +3.33"

Liver enzymes measurement in blood. Results showed that treatment by alfalfa caused improvement of liver due to decrease

Treated by 250 mg/kg Treated by 500 mg/kg
178.25+7.08 148.75 + 3.37
52.37 £1.59 50+ 25

* Asterisk symbols showed significant changes by P < 0.05

water and food in alloxan-induced diabetic rats which
increased more significantly than the first control group
(p<0.01) (Table I).

Measurement of blood glucose in rats showed that
diabetic control group was treated by alloxan monohy-
drate and increased level of blood glucose, as expected.
Glucose concentration of blood in two diabetic groups
that were treated by alfalfa solution showed signifi-
cant decrease (p < 0.05) as compared to diabetic con-
trols without alfalfa treatment (1able II). As shown in
Table I1, decrease of blood glucose in rats treated with
500 mg/kg dose is more than in rats with 250 mg/kg
dose treatment, so improving effects in alfalfa are dose
dependent.

Table II shows the LDL level of rats’ blood. Com-
parison of LDL concentration in all groups confirmed
that diabetic rats (that were treated with alloxan mono-
hydrate) have higher LDL level in blood than intact con-
trol group [14]. Rats that were treated with aqueous al-
falfa extract showed decreased LDL level in comparison
with untreated diabetic control, and in rats given higher
dose of alfalfa solution, decrease in LDL is more signifi-
cant (Table II).

Liver enzymes (AST and ALT) in blood serum are
good indicator for liver condition because these two fac-
tors increased in serum by liver cells dysfunction due to
leakage in liver cells membrane. Results showed a signifi-
cant increase in AST and ALT level of serum in alloxan-
induced diabetes (Table I11). This enhancement showed
dysfunction of liver cell membrane which is an abnor-
mal condition. An interesting point is that treatments
by alfalfa extract improved this disorder and decreased
the level of these two important factors to nearly normal
condition in the first control group.
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Alloxan treatment showed inflammation in liver tis-
sue, and this inflammation was improved by alfalfa treat-
ment. Rats treated with 500 mg/kg dose showed more
improvement than those treated with 250 mg/kg dose,
so its therapeutic effects are dose dependent.
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Fig. 1. The histological studies revealed a significant reduction
in the size of Langerhans islets in the diabetic group.
A is pancreas slice of intact control group, B is pancreas
slice of diabetic control group, C: related to rats treated
by 250 mg/kg dose and D: related to rats treated by

500 mg/kg dose (x10)
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Figure 1 showed the appearance of the islets of Lang-
erhans in rat’s pancreas. Results showed that Langerhans
islets significantly reduced in alloxan-induced diabetic
rats. Treatment with alfalfa improved this condition (in-
creased number and size of Langerhans islet), so insulin
secretion enhanced.

Discussion

Diabetes mellitus (DM) is a group of metabolic diseases
which is characterized by hyperglycemia resulting from
defects in insulin secretion and/or activity. Clinical dia-
betes mellitus can be classified as type 1 and type 2. The
alloxan-induced diabetic model mimics type 1 diabetes
which is characterized by a typical autoimmune assault
against the cells, inducing progressive cell death which is
in line with the progressive decline in first-phase insulin
secretion and results in insulin insufficiency and hyper-
glycemia [18].

This study investigates the effect of alfalfa solution
as a possible cure for diabetes, so we used diabetic rats
by alloxan monohydrate injection, which is injection
of alloxan (120 mg/kg single dose) that produced a
significant increase in the blood pressure, bradycardia,
hyperglycemia, hypoinsulinemia, hyperlipidemia, hypo-
thyroidism, and depression in left ventricular developed
pressure (LVDP) [14]. Therefore, diabetic rats were un-
der oral administration of aqueous extract of alfalfa in
different dose. Oral administration was continued for 21
days, then triglyceride, cholesterol, and glucose level of
blood was measured, and results were analyzed.

Results showed that diabetic rats treated with alfalfa
solution introduced blood factors that improved as com-
pared to diabetic control which did not receive herbal
treatment. This improvement is dose dependent and en-
hanced with administration of high alfalfa extract dose.

Comparison of diabetic control and intact control
showed an increase in cholesterol levels in diabetic con-
trol rats. Both of treatment groups compared to control
diabetic group showed significant decrease in choles-
terol levels, which suggests therapeutic effects of alfalfa
extract. Diabetic control group showed decreased level
of HDL as compared to intact control group; reduced
HDL level is one of signs of diabetes disease, so ap-
plication of alfalfa extract causes compensation of this
decrease in treated diabetic rats by alfalfa. Overall, the
results suggest that the aqueous extract of alfalfa signifi-
cantly reduces blood sugar levels, triglycerides, choles-
terol, LDL, and increased HDL levels [19].

Alfalfa consists of saponins that have heart protective
effects due to cholesterol reduction, and these agents can
absorb in digestive system in body [20]. Saponins inhibit
cholesterol esterase and acetyl coenzyme and carboxylase
enzymes, thus, inhibiting fatty acid synthesis, which in-
creases the ratio of HDL cholesterol to LDL cholesterol,
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and it can be effective in reducing cardiovascular com-
plications of diabetes. Saponins decrease intestinal ab-
sorption of cholesterol and increase its defecation [21].
Alfalfa is a rich source of vitamins and phytoestrogens, so
it is used as a food additive in many developed countries
[22]. In addition, because of its mentioned therapeutic
effects, it is used as herbal drug in many countries.

The liver is one of the organs that are affected by dia-
betes. When liver enzyme activity increased, it reflects
liver damage in serum. Possibly, increased activity of liver
enzymes ALT and AST is because of leakage from the
cytosol into the blood stream, leakage increased by liver
damage that is caused by diabetes [23]. AST and ALT
are good indicators for liver function.

Previous studies confirmed that alloxan-induced di-
abetes caused tissue lipid peroxidation in liver, kidney,
and heart [24]. It also caused secretion and release of
liver enzymes to circulation [24]. In other words, dia-
betes and hyperlipidemia cause destruction of cells by
altering membrane structure and increase the activity of
liver enzymes, and this is what happens in diabetes [13].
Oral administration of alfalfa extract with 250 mg/kg
dose decreased liver enzyme concentration in blood, and
this decrease is more significant in 500 mg/kg dose, so
alfalfa extraction causes reduction of liver damage. It is
clear that alfalfa extract causes reduction of liver enzymes
that is maybe due to improved diabetes and inhibition of
lipid peroxidation (1able I11).

Alfalfa stimulates insulin secretion and improves insu-
lin function in reduction of plasma glucose concentration
[10, 11]. Previous study reported increase of insulin se-
cretion up to 3-folds in the presence of alfalfa extraction
[25]. High concentrations of manganese in alfalfa have
been reported as a possible reason of hypoglycemia [26].
Oral administration of alfalfa seeds triggered reduction
of blood lipoprotein level in diabetics that this factor is
very high. Alfalfa is a phytoestrogens source [27]. Phy-
toestrogens are nonsteroidal plant-derived compounds
with biological activity similar to estrogen [28]. Phy-
toestrogens increased liver lipid biosynthesis from glu-
cose, so it decreased glucose concentration in blood and
improved repair and turnover rate of cell membrane.

According to the results, water and food intake in-
creased in alloxan-induced diabetics (with p < 0.01); this
factor reduced in treatment of rats by alfalfa extraction,
but this does not reach to the level of intact controls.

The histological studies revealed a significant reduc-
tion in the size of Langerhans islets in the diabetic group,
so it can be a result of insulin reduction in blood and this
group showed significantly increased liver inflammation
as compared to intact control group. Therefore, aque-
ous alfalfa extract, because of all the mentioned features,
caused reconstruction of damaged liver and pancreatic
cells.

Inflammation that showed in the liver slice of un-
treated alloxan-induced diabetic rats was very slight in
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rats cured with alfalfa extract; this showed the effects of
alfalfa in liver disease improvement in addition to meta-
bolic disorders.

Conclusions

The results of this study indicate that, in diabetic rats
treated with the alfalfa extract, the diameter and number
of pancreatic islets were significantly increased as com-
pared to diabetic controls, so production and secretion
of insulin increased. Alfalfa causes reduction in choles-
terol synthesis by saponins, and it can reform membrane
of liver cells, thus, inhibiting leaking of liver enzymes.
High dose of manganese in alfalfa and increased insulin
resulted to decrease of blood glucose.

According to biochemical and histological results, we
can conclude that the mechanisms of alfalfa extract for
hypoglycemia are Langerhans islets repair.
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