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Abstract
Background: Hyperbilirubinemia is a most leading cause of neonatal readmission condition and occurred due to rise in the level of
unconjugated bilirubin in the blood. Phototherapy is widely used for the treatment of neonatal hyperbilirubinemia. Objective: To study
the effect of edixeon S series power Light Emitting Diodes (LED) on obstructive jaundice induced hyperbilirubinemia in laboratory animals.
Material and Methods: Hyperbilirubinemia was induced in male Wistar rats (180-220 g) via ligation of common bile duct. Rats were
exposure to LED (low (0.06 W mG2) and high (1.0 W mG2) irradiation for 5 h for 3 days after recovery from surgery. Control rats were
exposed to normal day light for 3 days. After 24 h of 3 days of exposure, blood was withdrawn under anaesthesia and they were sacrificed
by cervical dislocation to collect the hepatic tissue. Various biochemical and histopathological parameters were evaluated in serum and
hepatic tissue. Results: The LED irradiation (low and high) treatment significantly (p<0.01 and p<0.001) decreased serum albumin,
aspartate transaminase (AST), alanine transaminase (ALT), alkaline phosphates (ALP), gamma-glutamyl transferase (GGT), total bilirubin
and direct bilirubin levels as compared with control treated rat. Decreased level of hepatic superoxide dismutase (SOD) and glutathione
peroxidase (GSH) were significantly (p<0.01 and p<0.001) increased by LED irradiation (low and high) treatment. It also significantly
(p<0.01 and p<0.001) reduced the elevated level of malondialdehyde (MDA) and Nitric Oxide (NO) levels in hepatic tissue. Histological
alternation induced in liver was also reduced by LED irradiation. Conclusion: The LED irradiation treatment showed inhibition in the
elevated bilirubin levels via modulation of hepatic biomarkers as well as elevated oxidative stress. The use of edixeon S series power LED
may be beneficial in terms of low cost of LED emitters and power requirements which can make this LED phototherapy a useful and
possibly a preferred modality for the treatment of neonatal jaundice.
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conjugated bilirubin effectively scavenge oxygen radicals15,16

INTRODUCTION

thus this bilirubins are classified as antioxidants17,18. Irradiation
of bilirubin leads to the generation of vicious cycle that ends

Today, the most common cause of neonatal readmission
to the hospital is hyperbilirubinemia1-4. Hyperbilirubinemia is
an exceedingly common complication for new-born babies.
Almost 50% terms and 80% of preterm are getting high level
of bilirubin and resolve spontaneously during the 1st week of
life5. The normal level of Total Serum Bilirubin (TSB) level in
full-term infants usually is 6-8 mg dLG1 by 3 days where as in
premature infants the peak may be 13 mg dLG1 TSB on the
5th day of life. However, without any specific abnormality of
bilirubin metabolism possibly rising over 15 mg dLG1. Due
to the limited ability of new-born to metabolism these
elevated bilirubin thus itʼs accumulated in the form of
unconjugated bilirubin. The increased levels of TSB leads
to hyperbilirubinemia which clinically know as jaundice6. The
elevated levels of bilirubin are also highly neurotoxicas it
penetrates blood brain barrier, accumulates over there and
produce kernicterus which leads to damage of brain tissue 7.
The main aim of the medical intervention is to reduce the
level of elevated bilirubin and to avoid a toxic accumulation.
It has been reported that approximately 10% of all new-borns
needs such intervention to treat hyperbilirubinemia8.
Currently there is two major medical intervention are available
for treatment of hyperbilirubinemia i.e., exchange transfusion
and photo therapy. Exchange transfusion is continuing since
1930 which causes very rapidly decrease in bilirubin label.
However, this treatment is associated with complications
such as metabolic acidosis, electrolyte abnormalities,
hypoglycemia, hypocalcemia, volume overload and graft
versus host disease, etc. Whereas, phototherapy which
consists of exposure to blue light (410-460 nm) is
comparatively cheap treatment intervention that has an ability
to convert the bilirubin into water-soluble isomers via a
photochemical reaction. This transformed configurational and
structural bilirubin isomers can be excreted directly into the
bile or into the urine9,10. A study conducted during 2003 in
the United States showed that, the 4.3% of infants had TSB
levels in a range in which phototherapy was recommended
by the 1994 American Academy of Pediatrics (AAP) guidelines
and 2.9% had values in a range in which the 1994 AAP
guidelines suggest considering phototherapy11.
Bile duct-ligated Sprague-Dawley rats are well established
and widely used animal model to investigate the effect of
medical intervention in elevated TSB levels12,13. It mimics the
clinicopathological features of hyperbilirubinemia where
bile duct ligation of resulted inelevated levels of both
unconjugated and conjugated bilirubin in serum14. Research
carried out over a past decade showed that both free and

into oxidation of bilirubin19. Elevated levels of unconjugated
bilirubin via fragmentation of bilirubin serves as reactive
oxygen species in vivo and that leads to oxidative stress to
animals20. These oxidative stress caused hepatic damage in
the animals.
Phototherapy is widely used for lowering elevated
levels of unconjugated bilirubin10,21,22. However, conventional
phototherapy systems which used fluorescent or halogen light
sources has the limitation of light intensity and portability.
Hence, to overcome this limitation we have implement Light
Emitting Diodes (LEDs) with blue region of visible spectrum. In
the present investigation we have used edixeon S series
power LED which has minimum luminous flux of 256.3
mW at 350 mA current and has narrow range of wavelength
that is 440-460 nm than other LED's. The low power LED has
lower luminous ranging in between 17.6-30.3 mW and also
has lower spectral irradiance which provides advantages of
low cost with long operational lifespans over conventional or
fiberoptic phototherapy. However, its potential in the
treatment of hyperbilirubinemia has not been yet evaluated.
Hence, the aim of present investigation was to study the effect
of LEDs on obstructive jaundice induced hyperbilirubinemia
in laboratory animals.
MATERIALS AND METHODS
Animals: Adult male Wistar rats (180-220 g) were obtained
from the National Institute of Biosciences, Pune, India. They
were housed in cages in a facility maintained at 24±1EC, with
a relative humidity of 45-55% and 12:12 h dark/light cycle
(except experimental condition). The animals had free access
to standard pellet chow (Pranav Agro Industries Ltd., Sangli,
India) and filtered water throughout the experimental
period. All experiments were carried out between 09:00 and
17:00 h. The experimental protocol
(CPCSEA/70/2012)

by

was

approved

the Institutional Animal

Ethics

Committee (IAEC) of Poona College of Pharmacy, Pune, India
and performed in accordance with the guidelines of
Committee for Control and Supervision of Experimentation on
Animals (CPCSEA), Government of India. Animals were
transferred to testing laboratory 1 h before the experiment for
adaptation.
Chemicals: Bilirubin IX was purcahsed from Otto Chemie
Pvt., Ltd., Mumbai, India. The 1,1',3,3'-tetraethoxypropane,
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crystalline beef liver catalase, reduced GSH and 5,5-dithiobis

3-0 polyglactin and the skin was closed with continuous

(2-nitrobenzoic acid) were purchased from

subcuticular 4-0 polyglactin sutures.

SD fine

chemicals, Mumbai, India. Sulphanilamides, naphthylamine
diamine HCl and phosphoric acid were obtained from

Irradiation procedure: The rats in the metabolic cages were

Loba Chemi

subjected

Pvt.,

Ltd.,

Mumbai,

India.

All

other

chemicals were commercial products of at least analytical

Induction of obstructive jaundice and drug treatment
schedule: Rats were randomly divided into six groups of six
rats as follows:
Normal control: Rats did not undergo any
surgery and did

not

whole

body irradiation using LED lamps

(Sylvania, Waltham, MA). The lamps had an emission
maximum at 460 nm and a half-band width of 40 nm. The
light fluence, at the level of the irradiated animals was
1.2 W mG2 as assessed with a radiometer. The fluence was
periodically controlled during the photo-treatment.
After 3 days of exposure, rats fasted overnight and after
24 h, they were sequentially anesthetized with anesthetic
ether for about 30-40 sec. The blood was withdrawn by the
retro-orbital puncture. Each blood sample was collected into
separate vials for the determination of serum parameters.
After blood collection, the animals were sacrificed by cervical
dislocation and then liver was removed. The specimens were
divided into two portions: One portion was used for
biochemical estimation and another portion was processed for
histopathological examination.

grade.

Group I:

to

receive any bile duct

ligation. They were exposed to normal day light for
12 h for 3 days
Group II: Sham: Rats were undergone surgery but did not
receive any bile duct ligation. They were exposed
to normal day light for 12 h for 3 days
Group III: Control: Rats were undergone surgery and
received bile duct ligation. They were exposed to

Serum biochemistry: The

normal day light for 12 h for 3 days

centrifugation using an Eppendorf cryocentrifuge (model No.
5810, Eppendorf, Hamburg, Germany) maintained at 4EC and
run at a speed of 7000 rpm for 15 min. The levels of serum
albumin,
alkaline phosphatase (ALP), direct bilirubin,
aspartate transaminase (AST), alanine transaminase (ALT),
total bilirubin and gamma-glutamyl transferase (GGT)
were measured by a spectrophotometer
(UV-visible
spectrophotometer, Jasco V-530, Tokyo, Japan) using
commercially available reagent kits according to procedure
provided by manufacturer (Accurex Biomedical Pvt., Ltd.,
Mumbai, India)23-32.

Group IV: LED (Low): Rats were undergone surgery and
received bile duct ligation. They were subjected
to whole body irradiation of LED with intensity
0.06 W mG2 for 5 h for 3 days
Group V: LED (High): Rats were undergone surgery and
received bile duct ligation. They were subjected
to whole body irradiation of LED with intensity
1.0 W mG2 for 5 h for 3 days
Group VI: Per

se:

Rats

did not undergo any surgery

however, they were subjected to whole body
irradiation of LED with intensity 1.0 W mG2 for 5 h

by

tissue segments were mixed with 0.1 M phosphate buffer and
homogenized on ice for 60 sec at 10000 rpm in a homogenizer
(Remi Equipment Pvt., Ltd., Remi Motors Ltd., Mumbai, India).
Supernatant of tissue homogenates was employed to estimate
superoxide dismutase (SOD), reduced GSH, lipid peroxidation
(malondialdehyde (MDA) content) and nitric oxide (NO
content).

as previously described12. Briefly, after overnight fasting,
was

separated

Preparation of tissue homogenate: For liver homogenization,

The induction of obstructive jaundice was carried out
HCl

was

Biochemical estimations

for 3 days

ketamine

serum

administered

(50

mg

kgG1, i.p.).

Povidone-iodine (1%) was used for local cleansing. The
peritoneal cavity was entered through a 2 cm upper
midline laparotomy. In rats of groups II (sham groups) the
common bile duct was freed from the surrounding soft
tissue without ligation. In group III, IV and V animals

Determination of total protein, SOD, GSH, MDA and NO: The

(obstructive jaundice groups), the common bile duct was

level of total protein, SOD, GSH, MDA and NO in liver and
kidney homogenate was determined according to earlier
reported methods33-42.

identified and double ligated with 5-0 silk and divided
between the two ligatures. The fascia was closed with running
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Histopathological examination: Liver tissues were stored in

Effect of LED irradiation treatment on total bilirubin and

10% formalin for 24 h. The specimen was dehydrated and
placed in xylene for 1 h (3 times) and later in ethyl alcohol
(70, 90 and 100%) for 2 h. The infiltration and impregnation
were carried out by treating with paraffin wax twice, each time
for 1 h. Tissue specimens were cut into sections of 3-5 mm

direct bilirubin levels in rats: Control rats showed
significantly (p<0.001) increased levels of total bilirubin
and direct bilirubin as compared to normal and sham rats.
When compared with control rats, there was significant
(p<0.01 and p<0.001) decrease in the levels of total bilirubin

thickness and were stained with hematoxylin and eosin

and direct bilirubin after LED (low and high) irradiation

(H and E). The specimen was mounted on the slide by use of

treatment. However, there was no any significant difference

distrene phthalate xylene (DPX) as a mounting medium.

in the levels of total bilirubin and direct bilirubin of per se

Sections were examined under a light microscope for the

rats when compared with normal and sham control rats

inspection of the histopathology features of specimen and

(Table 1).

infiltration of cells. The various changes in histological features
were graded as grade 0 (not present or very slight), grade 1

Effect of LED irradiation treatment on hepatic SOD, GSH,

(mild), grade 2 (moderate) and grade 3 (severe) as described

MDA and NO in rats: Control rats showed significantly

earlier43,44.

(p<0.001) decrease in the level of SOD and GSH in hepatic
tissue as compared to normal and sham rats. There was

Statistical analysis: Data were expressed as Mean±Standard

significant increase (p<0.001) in the levels of hepatic MDA and

Error Means (SEM). Data analysis was performed using

NO in control rats as compared to normal and sham rats.

software (v5.0, GraphPad, San Diego, CA). Data of biochemical

Treatment with LED irradiation (low and high) showed

parameters were analyzed using one-way analysis of variance

significant elevation (p<0.01 and p<0.001) in the level of

(ANOVA) and followed by Tukey's multiple range tests for each

hepatic SOD and GSH as compared to control rats. Whereas

parameter separately. A value of p<0.05 was considered to be

hepatic MDA and NO levels were significantly decreased after

statistically significant.

LED (low and high) irradiation as compared to control rats.
The level of SOD, GSH, MDA and NO in hepatic tissue did not
RESULTS

significantly differ in per se group as compared to normal and
sham group (Fig. 1).

Effect of LED irradiation treatment on serum albumin,
alkaline phosphatase, AST, ALT and GGT in rats: The level of

Effect of LED irradiation treatment on pathological

serum albumin, alkaline phosphatase, AST, ALT and GGT levels

alteration in rat liver:

were significantly (p<0.001) increased in the control rats as

normal and sham control as well as per se animals, showed

compared to normal and sham rats. The LED irradiation (low

normal central vein in liver parenchymal cells and without any

and high) treatment significantly decreased serum albumin,

signs of inflammation as well as necrosis in cells (Fig. 2a, b, f).

alkaline phosphatase, AST, ALT and GGT levels (p<0.01 and

However, there was evidence of congestion and necrosis in

p<0.001) as compared to control rats. However, serum

hepatic tissue from per se group rats (grade 1). The

albumin, alkaline phosphatase, AST, ALT and GGT did not

histopathological examination of liver from control rats

differ significantly in normal, sham as well as per se treated

showed inflammatory cells (grade 4), cytoplasmic vacuolation

group (Table 1).

(grade 3), centrilobular necrosis (grade 2) and vascular

In the histopathological studies,

Table 1: Effect of LED irradiation treatmenton albumin, alkaline phosphatase, AST, ALT, GGT, total bilirubin and direct bilirubin levels in rats
Albumin

Alkaline

AST

(g dLG1)

phosphatase (IU IG1)

------------------------------(IU I G1)-----------------------------------

(mg%)

(mg%)

617.9±0.12

617.9±44.09

18.51±0.05

0.44±0.03

0.30±0.02

Sham

614.1±0.23

614.1±22.52

16.86±0.2

38.64±4.52

19.58±2.41

0.39±0.05

0.29±0.03

Control

992.7±0.12###,$$$

992.7±21.05###,$$$

15.43±0.11###,$$$

99.92±5.2###,$$$

42.82±0.96###,$$$

1.30±0.04###,$$$

0.59±0.02###,$$$

LED (low)

869.9±0.06**

869.9±42.92**

14.28±0.13**

76.84±2.6**

32.50±1.92**

0.93±0.06**

0.46±0.03*

LED (high)

735.5±0.16***

735.5±26.17***

23.87±0.22***

54.55±4.75***

27±2.01***

0.68±0.07***

0.35±0.04***

Per se

670.3±0.17

670.3±20.16

14.71±0.13

41.08±3.64

21.41±2.99

0.31±0.04

0.29±0.02

Treatments
Normal

ALT
36.57±4.98

GGT
21.05±0.85

Total bilirubin

Direct bilirubin

Data are expressed as Mean±SEM (n = 5) and analyzed by one-way ANOVA followed by multiple range test for each parameter separately, **p<0.01 and ***p<0.001
as compared to control group, ###p<0.001 as compared to normal group and $$$p<0.001 as compared to sham group
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Fig. 1(a-d): Effect of LED irradiation treatmenton hepatic, (a) SOD, (b) GSH, (c) MDA and (d) NO in rats, data are expressed as
Mean±SEM (n = 5) and analyzed by one-way ANOVA followed by multiple range test for each parameter separately,
**p<0.01 and ***p<0.001 as compared to control group, ###p<0.001 as compared to normal group and $$$p<0.001 as
compared to sham group
Table 2: Effect of LED irradiation treatmenton pathological alteration in rat liver
Treatments

Vaculization

Necrosis

Normal

Inflammatory infiltration
0

Plasma cells
0

Congestion
+

Edema
0

+

0

Sham

0

0

+

+

0

0

Control

++++

+++

++

+++

+++

++

LED (Low)

++

++

++

++

++

+

LED (High)

+

+

+

0

+

+

Per Se

0

0

+

+

+

+

0: No abnormality detected, +: Damage/active changes up to less than 25%, ++: Damage/active changes up to less than 50%, +++: Damage/active changes up to less
75% and ++++: Damage/active changes up to more than 75%

congestion (grade 2) of the hepatocytes
However,

hepatic

(Fig. 2c).

DISCUSSION

tissue from LED (low) irradiation

treatment showed moderate histopathological changes in
liver

marked

by

sinusoidal

congestion

Hyperbilirubinemia is a condition where there is a rise in

(grade 2),

the level of unconjugated bilirubin in the blood. In normal

cytoplasmic vacuolation (grade 2) and the presence of

circulatory blood, Red Blood Cells (RBCs) contain the

inflammatory cells (grade 2) (Fig. 2d). In the LED (high)

hemoglobin which is a carrier of an oxygen and this

irradiation treated

rats, the histology of liver showed a

hemoglobin broken down from RBCs when it undergoes lysis,

mild degree of vacuolization (grade 1), necrosis (grade 1)

either due to normal physiology or as the result of a variety of

and congestion (grade 1) around central vein. It also

pathologic processes. Enzyme haeme oxygenase catalyses

showed evidence of moderate inflammatory cells with few

played a vital role in the conversion of haeme to bilirubin via

plasma cells (grade 1) were present in its hepatic tissue

biliverdin. Then this unconjugated form of bilirubin bound to

(Fig. 2e) (Table 2).

albumin and then in the liver it ultimately converted into its
375
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(a)

(b)

10 µm

10 µm

10 µm

10 µm
(d)

(c)

10 µm

10 µm
10 µm

10 µm

(e)

(f)

10 µm

10 µm
10 µm

10 µm

Fig. 2(a-f): Effect of LED irradiation treatmenton pathological alteration in rat liver, photomicrograph of sections of liver of
(a) Normal, (b) Sham, (c) Control, (d) LED (low) treated, (e) LED (high) treated rats and (f) Per se rats, H and E staining
at 40X
256.3 mW. Moreover, it a lso has narrow range of
wavelength (440-460 nm) which provides a advantage high
irradiance with fastest corresponding photo transformation
rate by these LED's.
It has been reported that bilirubin acts as a substrate for
peroxidase that converted into biliverdin47. Superoxides and
peroxyradicals react with bilirubin resulted in elevated
biliverdin level48. Furthermore, bilirubin ditaurate (BR-DT) react
with HOCl that also causes increased biliverdin level48.
Recent reports suggested that bilirubin has a free radical
quenching ability, thus reduced the elevated levels of reactive
oxygen species and served as an antioxidant20. However, in
neonatal hyperbilirubinemia where there is an elevated level
of unconjugated bilirubin which may lead to life threatening
conditions like kernicterus and encephalopathy7 in such
condition, phototherapy is used for lowering these elevated
levels of unconjugated bilirubin.
It has been reported that in serum, a total protein
comprised 50% of albumin and correlated with each other 49.

more water-soluble form conjugated bilirubin by the enzyme
uridine diphosphoglucuronate-glucuronosyltransferase.
Conjugated bilirubin mono-glucuronide and bilirubin
di-glucuronide can then be excreted into the bile, ultimately
reaching the intestines for excretion45. In the new-born,
hyperbilirubinemia resulted from an insufficiency in the
metabolism this elevated unconjugated bilirubin in the
liver.
Research carried out over
past decades proved
that phototherapy is and well established and more
effective treatment strategy for this unconjugated
hyperbilirubinemia10,21,22.
Moreover,
conventional
phototherapy systems produced an irradiance of up to
approximately 40 µW cmG2 nmG1 (KL Tan). However, the
successful drop in the hyperbilirubinemia is depend upon the
amount of skin exposed to phototherapy as well as the
irradiance delivered by the phototherapy system46. The
phototherapy used in the present investigation has an
edixeon S series power LED with minimum luminous flux of
376
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Albumin maintains the plasma volume and transportation of
various substances in the blood50-52. Hepatic cells injury
decreased the serum protein levels might be due to
denaturation of proteins with elevated extravascular loss53. An
elevated level of total cholesterol and triglycerides is an
important feature of altered fatty acid metabolism54. This
alteration in fatty acid metabolism caused fat accumulation in
hepatocytes, leading to liver damage. Changes in AST, ALT,
ALP, GGT and bilirubin levels are also indicators of hepatic
dysfunction55,56. Results from our study showed that LED
irradiation treatment caused significantly deceased in these
elevated levels of hepatic plasma markers. Similarly, the liver
histopathological analysis also in line with these biochemical
findings suggested that LED irradiation treatment played an
important role in the improvement of hepatic damage via
modulation of hepatic enzymes.
The SOD and GSH are the two important endogenous
antioxidant enzymes present in tissue and play a vital role
in detoxifying
free
radicals and other cytotoxic
57-64
. Depletion of t hese enzymes result
chemical species
from the elevated production of
reactive
oxygen
species generation65-73. The MDA, an end product of lipid
peroxidation which is responsible for bio-membrane damage
through modulation of unsaturated bonds of fatty acids36, 74-82.
In the current study, we observed a significant decrease in the
levels of SOD and GSH whereas significant increase in the
MDA and NO in liver tissues reflected the elevated oxidative
stress. Whereas, LED irradiation treatment showed inhibition
in these elevated oxidative stress via modulation of
antioxidant status of the hepatic tissue.
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