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Considerable research has been carried out on diabetes mellitus (DM) and many materials have been used to
treat the disease. Silver nanoparticles (AgNPs) have been used in many fields in medicine, and have been
utilised in the treatment of DM in vivo successfully. In this paper, AgNPs were synthesized using a green

method and used with male albino mice (20 - 40) g. Light emitting diodes (LEDs) and lasers in the range
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(395 - 450) nm. AgNPs and LEDs or lasers were used in this work to evaluate their effect on diabetes mellitus.

It was found that AgNPs at the concentrations 6, 15, and 30 mg/kg reduced blood glucose level (BGL) to
normal values. The best concentration that was found to treat DM is 15 mg/kg. However, at concentrations of
15 and 30 mg/kg, several deaths occured, but when laser or LED were used by radiating AgNPs, the deaths
decreased to a ratio of fifty percent. The laser and LED in the range of (395 - 450) nm made the drug active
and reduced the deaths of animals to a ratio of 50%.
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1. Introduction

Diabetes Miletus (DM) is a disease that occurs in almost
tenth of people in the world. It is produced because of a
disorder happening to the pancreas [1]. There are two types
of DM. Type (1): B-cells, which are in the pancreas, do
not eject enough insulin hormone to the blood. Type (2):
cells of the body resist insulin to enter inside them, and the
matter develops until the glucose level in the blood raises
[2]. Ninety percent of diabetic patients all over the world
have type 2 DM. [3]. The main reason for diabetes disease
is reactive oxygen species (ROS) which cause -cells disor-
der and insulin resistance. Increasing food and decreasing
activity of body physics make overload in glucose and fatty
acids, which leads to formation of reactive oxygen species

[4]. Pancreatic B-cells are sensitive to the stressors of phys-
iological and pathological operations in the body, leading
to a loss in insulin and f-cells death [5].

Diet, changing lifestyle, and oral administration of antidia-
betic agents make key agents to down-regulate the formation
of reactive oxygen species leading to treat diabetes [4, 6].
The objective of papers, research, and drugs is to control
the blood sugar level in the normal range (70 - 140 mg/dl)
[6]. Several types of drugs and antidiabetic agents were in-
troduced to the medical field to maintain persistent control
of glycemia. But these drugs induced adverse side effects
like hypoglycemia, gastrointestinal discomfort, pancreatic
degeneration, and other symptoms [7]. Then, finding new
drugs decreasing blood sugar levels having fewer side ef-
fects and undesirable symptoms is the aim of the researchers
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that have been performing for decades of years [8]. Differ-
ent research have been published studying the antidiabetic
effect of several materials and herbs on mice and rats (al-
bino mice or albino rat) as diabetic models because they
resemble human being in diabetes Miletus [9—11].
Nanotechnology emerged in 1966 from a Japanese man who
established this science field. Nano word in Latin means
the smallest thing. It is in the range of one to one hundred
nanometer, which means one billionth unit [12—14]. Nan-
otechnology science was established that when the material
converts to smaller particles; its chemical and physical prop-
erties will change [15]. Nanoparticles proved their high
efficacy in medicine (treatment, diagnosis, and drug deliv-
ery). Especially, silver nanoparticles (AgNPs) became more
desirable than any other nanoparticles since their amazing
properties like biocompatibility, colloidal stability, low toxi-
city, bioavailability, and capacity for surface modification
[16—-18]. Silver was known to be a good antibiotic agent
against different bacteria and a good medicine for many
diseases since the Greek age. It was found that AgNPs are
more effective in treating body infections than silver ions.
Silver nanoparticles were used to treat burn infections, bac-
teria aggregation on dental filling, and microorganisms in
textile fabrics and in water processes [19-21]. Since silver
nanoparticles are a good antimicrobial agent, it was used
in water filters, antibacterial detergents and sprays, cosmet-
ics, making clothes, laptop key boards, and children toy ‘s
[22, 23]. Research also proved that it is a good antidiabetic
agent [24, 25].

LED radiation has a wide field in medicine and treatment.
Robert A. Weiss et al. (2007) prevented radiation-induced
dermatitis occurring in breast cancer by LED photomodu-
lation. Blue (415 nm) and red (660 nm) lead is effective in
the treatment of acne [26].

Laser has entered the medicine from the widest door. The
laser was used in lipolysis, tumor ablation, cancer treatment,
ablation, surgery, cardiology, skin rejuvenation, dermatol-
ogy, lithotripsy, atrial fibrillation, epilepsy [27], eye treat-
ment [28]. Laser has wide future directions in cutaneous
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applications [29].

Since laser and LED has a wide range in medicine, it was
used in this work with AgNPs to investigate its effect on
diabetes.

Animal feces was found that it is a treatment for several
diseases ; so, chicken stool was used in this search to inves-
tigate its effect on diabetes.

In this work, AgNPs have been synthesized (in the green
method) by reducing silver nitrate by rosemary herb as
done by [23, 24]. AgNPs synthesized were applied on forty
albino alloxan-induced diabetic mice to investigate their
antidiabetic effect.

2. Materials and methods

Chemical compounds used in this work

The chemical compounds used in this work are alloxan
and silver nitrate (AgNO3). Table 1 describes the chemical
compounds used.

Organic compounds used

The organic compounds used in this search are rose merry
herb and feces of chicken.

Apparatus used

The machines used in this work are magnetic stirrer, uv-
spectroscopy, balance, LED in the range 395 - 450 nm and
laser (395- 450 nm, power 250 mw), and “On call plus”
(blood glucose monitoring system).

3. Preparing and synthesis of AgNPs

Preparing rose merry herb solution

Rose merry plant was dried and crushed and then immersed
in alcohol until we can obtain a solution of it. The solution
is filtered in a plate until it vaporizes; and then, the precip-
itate material is rubbed and dissolved in 10 mL of water.
The resultant solution is filtered again.

Preparing silver nitrate solution

Put 1 mM of silver nitrate in 90 mL of distilled water, (mM
means milli mole). The molar weight of silver nitrate is
almost 170 grams; then milli mole of it is 0.170 gram or

Table 1. The chemical compounds used in this research.

The chemical compound name

The chemical molecule

Chemical structure

X
HN NH
Alloxan C4H2N204
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O
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170 milligrams. Put the mixture on magnetic stirrer until it
dissolves.

Pull 5 mL or 10 mL of the rose merry solution and inject it
into the silver nitrate solution on the magnetic stirrer until
the color of the solution converts from yellow pale to dark
brown within 5 minutes. When the color converts from yel-
low pale to dark brown, it‘s a sign that silver nanoparticles
have been generated. The images of that are in Fig. 1.
Characterization of the prepared AgNPs

The first test of generated silver nanoparticles is UV-
spectroscopy of the suspension, which shows that there
is an absorption at almost 430 nm, as shown in Fig. 2. The
second one is FTIR, as shown in Fig. 3.

It is clear that FTIR of the AgNPs prepared is similar to the
standard one that is in Fig. 4.

Preparing diabetic mouse

All procedures in this work were run according to the guid-
ance of the Animal Ethics Committee of Mustansiriyah
University/College of Pharmacy. Forty Adult albino mice
aged from seven weeks to ten weeks and their weights from
twenty to forty grams.

The mice were starved from food not water for 24 hours;
and then, they were injected with alloxan by intraperitoneal
(ip) method with ratio of 180 milligram per kilogram.

The origin of alloxan is from England or (sigma) from Ger-
many exclusively. After alloxan is weighed with a ratio
of 180 mg/kg, it is dissolved in 0.5 mL of distilled water.
The operation is run in semi dark room because alloxan is
oxidized and damaged if it is subjected to light. Alloxan is
injected by ip method.

Summary of the method

Mice are subjected to fasting from only food for 24 hours;
then, the mice are injected with alloxan with the ratio men-
tioned above. After the mice have been injected, a sugar so-
lution is put for them so that they drink it for 12 or 24 hours
or more (the sugar solution consists of two food spoons
of sugar dissolved in 400 mL of water). This solution of
water is assumed to be a breakfast for the mice. Put food
for them after one to two hours for them; and then, you can
lift this water and put the usual water until measuring blood
glucose level BGL. After seven or eight to ten days, blood

Figure 1. A figure explains how it converts from yellow
shape to dark brown to be evidence that silver nanoparticles
are generated.
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glucose level (BGL) was measured for the mice since BGL
reaches to the top value at this period. When BGL reaches
or is more than 120, the mouse is assumed to be a diabetic
mouse.

Experimental work

Forty-five mice were divided into nine groups. Each group
contains five mice. According to the concentration of Ag-
NPs that was mentioned by [30-33], the fatal concentration
is between 10 — 20 mg/kg; so, the concentrations of AgNPs
that were chosen in this work is around this range. The
concentrations of AgNPs that were chosen in this research
are 6, 15, 30, and 60 mg/kg. The concentrations of silver
nanoparticles for every group of mice that is used in this
research are listed in Table 2.

The measurements were taken after three days from injec-
tion by alloxan. The unit of blood glucose level is milligram
per deciliter (mg/dl). Deciliter is 1 x 10719 liter.

4. Results

Group (1) was treated with silver nanoparticles (AgNPs)
with a concentration of 6 mg/kg that is mentioned in the
Table 2. Table 3 explains the results of the group (1).

The results of the second group that is treated with AgNPs
with concentration of 15 mg/kg are listed in the Table 4.
The results of the third group that they were treated with 15
mg/kg and radiated with laser or LED in the range of (395 -
450) nm are in the Table 5.

The results of the fourth group that is treated with AgNPs
with concentration of 15 mg/kg in two doses (the period
between the first dose and the second is three days) and
radiated with laser or LED in the range 395 - 450 nm are in
the Table 6. Both doses are radiated.

The results of the fifth group which is treated with AgNPs
with a concentration of 30 mg/kg Table 7.

The sixth group which was treated by AgNPs with a con-
centration of 30 mg/kg and radiated with laser or LED at
the range (395 - 450) nm whose results are in the Table 8.
The seventh group was treated with 60 mg/kg and its results
are in the Table 9.

The diabetic control group is in the Table 10.

The control of the nondiabetic group is shown in Table 11,

[o:] o

o4l

Absorbance

o2

Wavelength (nm)

Figure 2. UV-spectroscopy of silver nanoparticles.
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Figure 3. FTIR of prepared silver nanoparticles.

which shows the glucose levels for nondiabetic mice after
and before three days. They are only given water and food.
Tables 10 and 11 show statistical analysis of the compari-
son between before and after treatment of every group and
between (after treatment) of every group and the control,
respectively, the mean values, and the standard deviation of
every group.

Fig. 5 shows a comparison in blood glucose levels for the
groups before and after giving treatment.

Fig. 6 shows a comparison in BGL for the groups under
study between the control diabetic and after giving treat-
ment of every group.

Statistical software

The statistical analysis was run by statistical package for
social sciences SPSS using Anova post hok test and Tukey
HSD (version 23) USA and Exell Microsoft 2019. Each

’: \\ ////A\N//\\ ;/\w /‘\\\\

\

1 \\/ |

% Tr
8
~
s

Figure 4. Standard FTIR of silver nanoparticles.
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Figure 5. Compares in blood glucose levels (BGL) for the
groups 1, 4, 5, and 6 before and after treatment. The blue
bar represents blood glucose level (BGL) before treatment,
and the green bar represents BGL after treatment. Each bar
represents the mean value &= SD of five mice in each group.

bar in figures represents the mean value £+ SD of five mice
in each group. p < 0.05 was considered to be significant.
ANOVA test was p < 0.001.

5. Discussion

As for comparison between the before-treatment and (after-
treatment) of every group:

In group (1), it can be seen that the concentration of 6 mg/kg
of AgNPs resulted in insignificant (p > 0.05) decrease in
blood glucose level. This doesn’t agree with [8, 23-25].

600

BGL (mg/dl)

92.8 101
716
100 156 5
23.6
- 0
° 1

control  after group1 after group after group after group after group after group after group
2 3 4 5 6 7

Figure 6. Compare between control and (after treatment) of
the groups under study. Blue bar represents the mean value
of the control and the red bar represent the mean value of
each group (after treatment). + Standard deviation (SD) of
the five mice in each group.

Table 2. Concentration of silver nanoparticles used for the mice in this article.

Group First  Second Third  Fourth Fifth Sixth  Seventh  Eighth Eighth
Concentration per 1.8 1.8 1.8 1.8 1.8 1.8 3.7 Control Control
mil liter of water mg/mL mg/mL mg/mL mg/mL mg/mL mg/mL mg/mlL diabetic nondiabetic
Concentration per ~ 0.18 045 0.45 0.45 0.9 0.9 1.8
every mouse mg mg mg mg mg mg mg
Concentration 6 15 15 15 30 30 60
for weight mg/kg  mgkg mgkg mgkg mgkg mgkg  mglkg
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Table 3. Results of the group (1). HI: blood glucose level > 600 mg/dl.

Blood glucose level (BGL) (mg/dl) before treatment  Blood glucose level BGL (mg/dl) after treatment

184 70
HI 110
136 78
136 113
412 93

Table 4. The results of group (2).

Blood glucose level (BGL) (mg/dl) before treatment  Blood glucose level BGL (mg/dl) after treatment

222 Died
252 Died
301 74
408 81
HI 78

Table 5. The results of the third group.

Blood glucose level (BGL) (mg/dl) before treatment  Blood glucose level BGL (mg/dl) after treatment

313 89
288 87
239 96
165 86
289 Died

Table 6. The results of the fourth group.

Blood glucose level (BGL) (mg/dl) before treatment  Blood glucose level BGL (mg/dl) after treatment

209 86
210 96
600 112
328 113
552 98

Table 7. The results of the fifth group.

Blood glucose level (BGL) (mg/dl) before treatment  Blood glucose level BGL (mg/dl) after treatment

174 Died
150 Died
130 Died
108 Died
HI 118
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Table 8. The results of the sixth group.

Blood glucose level (BGL) (mg/dl) before treatment

Blood glucose level BGL (mg/dl) after treatment

350
210
600
348
552

77

85

114
Died
Died

Table 9. The results of the seventh group which was treated with 60 mg/kg AgNPs.

Blood glucose level (BGL) (mg/dl) before treatment

Blood glucose level BGL (mg/dl) after treatment

387
286
487
297
424

Died
Died
Died
Died
Died

In group (2), this group was treated with AgNPs with a
concentration of 15 mg/kg; it could be seen that this con-
centration produced a significant decrease in glucose level p
< 0.008 but killed 40 percent of mice 40% (two mice from
five).

Group (3), this group was treated with 15 mg/kg of AgNPs
and radiated with LED or laser at the range 395 - 450 nm for
20 seconds. This concentration led to insignificant decrease
p > 0.05 in glucose blood level and killed one mouse.
Note that the environmental conditions to the animals in
group 2 and group 3 are the same from nutrition, light ex-
posure (12 hours day and 12 night), humidity, temperature
which was 24 Celsius (room temperature), water (ordinary
water).

In group (4), this group was treated with 15 mg/kg (two
doses) of AgNPs radiated (twice) by laser or LED at the
range (395 - 450) nm. This treatment resulted in a signifi-
cant (p < 0.05) decrease in blood glucose levels and treated
all the animals. That means that AgNPs with 15 mg/kg (two
doses) and radiated twice is assumed to be a treatment for
diabetes mellitus. It could be seen here that laser or LED

Table 10. The diabetic control group.

Blood glucose level (mg/dl)
285
254
293
344
600

made the drug (AgNPs) reduced the glucose levels to the
normal values and caused no deaths.

Group (5), this group was treated with AgNPs with a con-
centration of 30. This concentration made four of five mice
died. It could be seen that this treatment reduced Blood
glucose level insignificant p > 0.05.

As regards group (6), this group was treated with 30 mg/kg
and radiated with laser or LED. This treatment resulted in
significant p < 0.05 differences and died two animals.
The seventh group was injected with 60 mg/kg of AgNPs.
This treatment made the animals all died.

In group (2) where no using LED or laser, that leads to oc-
curring two deaths in spite of the others were treated from
DM, but when radiation is used in the group (3), the deaths
reduced to one, and the BGL returned to its normal values,
but the difference is insignificant p > 0.05.

In group (4),where the treatment was given in two doses
with the radiation twice, there were no deaths, and the drug
(AgNPs) improved. Hence the difference became signifi-

Table 11. The nondiabetic group (seventh group). Before
and after three days (the period of treatment of the other

groups).
Before  After
64 58
70 86
83 77
87 80
88 92
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Table 12. Measurements of the glucose blood level (BGL) of the groups with regards to compare between after and before
each group. Each value given in this table represents the mean £ SD of five mice in each group. Statistical analysis: groups
1, 3, and 5 are insignificant p > 0.05; groups 2, 4, 6, and 7 are significant p < 0.05.

Groups BGL (mg/dl)

Before treatment ~ After treatment
Group 1 293 £205.9 293 £205.9
Group 2 356.6 153 46.6+
Group 3 258 +59 71.6+40
Group 4 379.8£186 101 £11
Group 5 232+206.9 23.6+52.7
Group 6 412+ 161 55£52
Group 7 376 £85 0000
Control 355+£140.6

Table 13. Measurements of BGL for the groups under study with regard to comparison between the control and (after
treatment) of every group. Each value in this table represents the mean value + SD of five mice in each group. Statistical
icons: # = p = 0.53 (few greater than 0.05), @ =p =0.009 < 0.05,$=p < 0.05, & =p >0.05, *=p < 0.05, % =p
< 0.05, A p=0.001 < 0.05.

Groups

BGL (mg/dl)

Control

355.2+£140.6

After treatment of every group

1

~N O L AW

92.8+£18.99#
46.6+42.6 @
71.6+40$

101 +11 &

23.6£52.7*

55+£52 %
0000 A

cant p < 0.05.

In the group (5), the concentration of AgNPs was high, thus
four mice were died. But, when radiation was used in group
(6), the deaths reduced to two mice (50%).

Then the role of LED or laser is: laser or LED made the
treatment active for treating the disease DM and reduced
the deaths to 50% as it is clear in the groups 3, 4, and 6.
The explanation of that is: the laser or LED at the range (395
—450) gives an energy to the bio cells to become treated and
activates them to be live and do not die.

6. Conclusion

The laser or LED at the range (395 - 450) nm made the
treatment (AgNPs) active and treated the animals from
diabetes mellitus and reduced the deaths to 50%.

Suggestions

I hope from the researchers to apply this radiation (laser or
LED at the range 395 - 450 nm) on other drugs of the other
diseases to make the drugs active and treat the diseases and
to reduce deaths in human being.
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