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ABSTRACT
Liver is important organ that deals with different traumas and neutralize a lot of toxins.
Objective of current study was to examine the hepato-protective effect of honey at 50,100 and
200ug/ml, in Streptozotocin induced diabetic hepato-toxicity. Albino female rats, 350-400g,
(one vehicle, one positive Hepato-toxic, one positive hepato-protective (induced with 10
mg/ml/Kg b.w. of animal of metformin) and rest experimental groups (induced with extracts)]
were induced intraperitoneally with Streptozotocin(55mg/ml/kg b.w). Hepato-toxicity was
checked by measuring blood glucose and Hepato-toxicity was confirmed when blood glucose
became constant at more than 350 mg/dl. By using open chest method, whole blood was
collected for evaluating biochemical and oxidative parameters while liver for histopathology.
Statistically analyzed results showed that ethanolic extract (50 µg/ml) of large honey were
highly effective for hypoglycemic effects (234.67±97.33mg/dl) followed by its 100µg/ml
water extract (245±90mg/dl) as compared to vehicle and hepato-protective control group
(500±30.33 and 370.33±196mg/d) and they also reduced bilirubin (0, 0.1±0.03mg/dl), ALT(0
and 177.5±25.5u/l), AST(0 and 525±105u/l), ALP (0 and 273.01±10u/l), Albumin (0,
2.9±0.01g/dl), globulin (0 and 2.9±0.3g/dl), A/G ratio (0, 1.005±0.105%), HDL (42±5.3 and
60.2±55.8mg/dl), LDL (19.6±1.13 and 20.3±1.7mg/dl), VLDL (24.6±3.1 and 26.7±7.1mg/dl),
Triglycerides

(30.3±8.4

and

199.3±121.9mg/dl),

Total

cholesterol

(62±4.6

and

81.5±17.2mg/dl), total lipids (442.3±9.5 and 447±52.5mg/dl) and HbA1C (6.06±0.11 and
5.2±0.6%). Histopathological examination revealed that these extracts reduced inflammation
and regenerated hepatocytes with mild bile pigmentation than control hepato-protective group
which mean honey extracts were more effective than synthetic drug. So it’s concluded that
honey have more defensive role against hepatic injury and its hepato-protective components
can be isolated and identified which could be a beneficial addition in pharmaceutical industry.
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INTRODUCTION:
Liver has reddish brown color and located on right side of belly. Its weight is mostly three
pounds and considered as the largest meaty organ. It is protected by ribs and near to it there
was a gallbladder that stores bile which play role in the breakdown of lipids. Liver have two
lobes right lobe and left lobe which has numerous lobules, these lobules are considered as
basic unit of liver and having a special type of cells called hepatocyte which are divided into
three zones. Zone I is responsible for the metabolism of oxidative stress and is evaluated as
periportal region of Hepatocytes, Zone II lies between zones I and III and is considered as
hepatocytes pericentral region and Zone III has a vital role in the drug detoxification and
biotransformation and also perform many other function (Meharie et al., 2020). Chemicals
are detoxified by liver and many drugs are metabolized by it that’s why it has biological
importance in metabolism and it has a vital role in the supply of glucose for the sake of energy
(Ahmad et al. , 2014). This function may become unaffected by exposure of certain types of
toxins or infections that cause destruction of cellular functions by damaging hepatocytes
leading to necrosis. Hepatic destruction increases the level of aspartate transaminase (AST),
alanine transaminase (ALT), and alkaline phosphatase (ALP) which causes diabetes (Tegegne
et al., 2017)
Streptozotocin is a type of drug which can damage β- cells of pancreases and cause
deficiency of insulin. It has antibacterial properties and discovered from a kind of soil
bacterium (Streptomyces achromogenes). It can destroy DNA of cells and used to induce
diabetes in rats. It appears as white power and intraperitoneally injected in rats by dissolving
it in citrate buffer.265 g/mol is the molecular weight of Streptozotocin and its chemical
formula is C8H15N3O7 (Costa et al. , 2016). It was known that Streptozotocin effect the
concentration of glucose after two hours of injection glucose cumulate in the body causing
hyperglycemia and after six hours there was immense decrease in insulin concentration
causing dysfunction of beta cell of pancreas, it is noticed that streptozotocin first temporarily
stop the function of pancreatic islet and then this loss can be permanent (Arwa et al., 2017).
Streptozotocin is carried by β-cells through GLUT 2 transporter and cause cell death. There
were three important processes related to cell death which are DNA methylation, Nitric oxide
and free radical production (Diseases of Pregnancy and Fetal Programming: Cell and
Molecular Mechanisms et al., 2014). Nitric oxide is component of Streptozotocin which
constrains activity of aconitase important for DNA damage. Streptozotocin accelerates the

activity of malondialdehyde (MDA) and deplete antioxidant activity which cause oxidative
stress resulting diabetes.
Honey is one of the beneficial products as our religion Islam also emphasizes on the
use of honey by human beings to enhance the taste of our products or as a curative medicine.
There is a special surah in the Holy Quran which is named as ‘surah al Nahl’ that highlights
the use of honey as in food or in medicine (An-Nahl .16; Al-Madinah Al-Munawara., 1990).
Honey has different contents liable on the plant flora, but the main content of honey remains
the same which are sugar and water. Glucose and fructose are the main sweetener contents in
honey which play the role of sugar; they constitute 85-95% of total sugar content (Zhao et al.
, 2018). Glucose and fructose have different structural formula but same molecular formula
(Erejuwa et al. , 2012). Honey also contain many other components like amino acids, vitamins,
flavonoids, enzymes and so on (Figure 01) (El-Haskoury et al. , 2019).
Honey is a sweet product made by honey bees by using nectar collected from flowers.
Honey bees are found all over the world and they live in the form of colonies where there are
queen, drone and worker bees which are responsible for the production of honey. It is one of
the useful products that add taste to different dishes and had health benefits. Honey is used as
curative medicine from ancient time and is the largest sweetener until 1800 before the
production of artificial sugar (Buba et al., 2013). Honey have a variety of origins so there are
different kind of honey depending upon their taste and colour (Asaduzzaman et al., 2015).
The composition of honey is very complex as it has fructose, glucose, enzymes and vitamins
(Figure 01) that play role in the recovery of many diseases such as respiratory disorders,
cardiac problems and in case of diabetes. Medical researchers indicate its roles as hepatoprotective and antioxidant. Wounds are also healed by honey it is consider as a nature’s
mankind medicine from ancient time. Polyphenols are the constituents of honey which donate
electrons and hydrogen group from hydroxyl ion to control the production of reactive oxygen
species which are agents for causing oxidative stress (Mahmood et al., 2016).

Figure 1. Chemical composition of honey (Mahmood et al., 2016).

Role of honey by mediating hypoglycemia condition caused by fructose Content had
no interaction between insulin and fructose when blood glucose concentration is very low or
no glucose were present in that medium however the interaction between insulin and fructose
were elucidated when glucose was present in massive amount. Honey has vital role in
everyday life it control diabetes and its high sugar content diminishes the microbes growth. In
diabetic patient, there was oxidative stress due to hyperglycemic condition and honey is
beneficial in this case as it has antioxidant properties (Afroz et al., 2016). In the presence of
glucose, the rate of intestinal absorption for fructose is increased but the procedure that how
glucose increases this absorption is still not known (Buba et al., 2012). Glucose was
considered as the second most important content of honey. Disaccharide-related transport
system was used to absorb fructose in the presence of glucose while in the absence of glucose
saturated carrier was used to absorb fructose. Flavonoids having diphenylpropane structure
(C6-C3-C6) comprising of two aromatic rings which are joined by three carbons are the major
type of polyphenols. They are chiefly liable for anti-inflammatory and antioxidant property of
honey and perform their action through scavenging or chelating processes. Catechins, belong
to flavonoids group of polyphenols are component of honey and have scavenging ability for
superoxide, hydroxyl radicals and lipid free radicals (Amabye, T.G. & Mekonen, F. 2016).
The aims of current research was the role of honey in streptozotocin induced diabetic hepatotoxicity by the histopathology of liver and Analysis of Biochemical parameters of blood.

MATERIALS AND METHODS
CHEMICALS AND DRUGS
Streptozotocin was purchased from the Sigma aldrich and dissolved in sodium citrate buffer
(pH 4.5). Metformin (Brand name Glucophage) and Glucose was purchased from the
pharmacy of The University of Lahore Teaching hospital, Lahore on the prescription of a
PMDC recognized physician.
COLLECTION AND PREPARATION OF HONEY SAMPLES
Honey of big bee and small bee were collected from Rose and Jasmine Garden,
Islamabad and from the Kassor.. Before using they were first purified as they were in crude
form.Ethanolic and water extracts of honey were prepared by adding ethanol with samples

(1:10 ratio), shaked for 24 hours by placing it in water bath at 25 oC. Than distilled water was
added in this mixture and repeated the same procedure. Water and ethanol layers were
separated by separating funnel and evaporated the extracts for dryness. 3 dilutions (50 ug/ml,
100 ug/ml and 200 ug/ml) of each extract were prepared in DMSO and saved for further use.
HEPATO-PROTECTIVE ASSAY
Animals
Female Albino rats (350-400g) were kept in the animal house of ‘The University of Lahore,
Lahore and were monitored two times a day by the expert attendant of animals and
acclimatized at 25±2.0°C with 24 hours light/dark cycle. Prior to experiment they were given
ad libitum pellet diet for two months which was a commercial diet of rats along with water so
that they again weight. Furthermore study on rats was conducted after getting permission
from ethical committee of university constituted for experiments on animals.
ORAL GLUCOSE TOLERANCE TEST (OGTT)
Before the induction of Streptozotocin, rats were fasted for 24 hours and then100 g glucose/
10 ml water was orally loaded in rats through gavage. First blood glucose level was measured
before loading glucose in rats and then after giving glucose its level was again measured at
interval of 30, 60, 90 and 120 minutes by using pre calibrated Glucometer GL110 (CERTEZA
medical, made by Germany) by pricking the tail of rats (Ahmed et al. , 2016).

Experiment Design
Only female albino rats, divided into 15 groups (3 rats/group) were kept in cages in
animal house. Only those rats were selected for experiment whose blood glucose level was
more than 350 mg/dl after OGTT. Group 1 was treated with 0.9% normal saline (negative
control group/ Vehicle), group 2 was induced with Streptozotocin only (Diabetic Hepato-toxic
control group), group 3 was injected with streptozotocin and metformin (Hepato-protective
control group) (Ahmed et al. , 2015) and the rest of twelve groups (group 4 to 15) were made
hepato-toxic with STZ and then treated with honey extract (experimental groups) in the
following manner:
Group 4:

50 ug/ml Water extract of small honey

Group 5:

50 ug/ml of ethanolic extract of small honey

Group 6:

50 ug/ml of water extract of large honey

Group 7:

50 ug/ml of ethanolic extract of large honey

Group 8:

100 ug/ml of Water extract of small honey

Group 9:

100 ug/ml of ethanolic extract of small honey

Group 10:

100 ug/ml of water extract of large honey

Group 11:

100 ug/ml of ethanolic extract of large honey

Group 12:

200 ug/ml Water extract of small honey

Group 13:

200 ug/ml ethanolic extract of small honey

Group 14:

200 ug/ml of water extract of large honey

Group 15:

200 ug/ml of ethanolic extract of large honey

3.4.2

INDUCTION OF HEPATO-TOXICITY

Streptozotocin (55mg/ml sodium citrate buffer at Ph 4.5 buffer/kg of body weight of animal)
was measured just before giving intra-peritoneal injection to rats, along with 10 glucose
solution. After 3 days of Streptozotocin induction, blood glucose level of rats was measured
to confirm hyperglycemic condition for seven connective days which was an indicator for
confirmation of diabetetic hepato-toxicity by pre calibrated Glucometer, until blood glucose
level became constant.
After two days, after giving anesthesia to animals, open chest method was used for the
collection of whole blood of animals from the heart of rats in separate vacutainers for the
quantitative assessment of biochemical and oxidative parameters like AST (mg/dl), ALT
(mg/dl), bilirubin (mg/dl), ALP (u/l), albumin (mg/dl), globulin (mg/dl), total protein (mg/dl),
A/G ration (%), HDL (mg/dl), LDL (mg/dl), VLDL (mg/dl), Triglycerides (mg/dl), Total
cholesterol (mg/dl), Total lipids (mg/dl) and glycated hemoglobin (%) by using standard kit
method at the Hematology lab of University College of Medicine and Dentistry (UCMD), The
University of Lahore, Lahore. Liver was saved in 10 % formalin for its fixation which was
cut, stained and slides were prepared in the histopathology lab of The University of Lahore,
Lahore. These slides were then examined under microscope at 40.

STATISTICAL ANALYSIS
The data was analyzed by one way ANOVA by using MiniTab software. Furthermore
the mean error was calculated and results expressed as Mean ± SEM.

RESULTS

ASSESSMENT OF BLOOD GLUCOSE LEVEL
Vehicle had normal glucose level (80.66±4.2 mg/dl) while animals in all other groups
had increased blood glucose level after the induction of streptozotocin (Table 1). All those
animals whose blood glucose level was more than 550 mg/dl were considered diabetic
Hepato-toxic. It was noticed that the level of glucose was decreased in experimental groups
(372±70,530±0, 319±0, 237.7±137.3, 117±0, 294.5±145.75, 301±0, 273.5±167.5,
89±0,331.5±37.5, 304±0) as compared to other groups. Out of these experimental groups the
level of glucose was extremely low in rats which were injected with 200 ug/ml ethanolic
extract of small honey (89.05±0.5). While the level of glucose was maximally high in hepatotoxic group (535.25±65.5) as it was hyperglycemic condition. The level of glucose was also
low in hepato-protective control group (291.35±89) (Table 2).

Table 1.

Oral glucose tolerance test of rats

Groups/

Blood glucose level (mg/dl)

Time (Minutes)

0

30

60

90

120

Group 1

78±6.1

140.45±7.97

205.33±12.99

267±8.23

370±16.52

Group 2

140.33±3.1

195±60

257.33±4.91

Group 3

99±13.11

220±150.55

270±30.33

330±20

366±52.66

Group 4

70.67±2.3

145±30.11

210±15.67

279±22.66

365±30

Group 5

110.67±7.99

197.67±25.44

248±5.67

299±5.44

366±19.33

Group 6

125±50

162.33±29

242±15.67

293.67±10

399.33±13

Group 7

92±7.33

151.33±20

203.67±40.11

298.33±19.67

354±26.33

Group 8

80±12

189±11.66

213±117.55

288±7.77

391±6.67

Group 9

69±48.88

186±10.66

240±13.33

323±22

392±47.55

Group 10

90±5.78

186±6.89

227±2.44

285±4.67

395±19.79

Group 11

96±2.66

173±12.66

241±34.66

292±12.67

363±14.11

Group 12

94±12

194±23.33

220±42.33

290±20

363±45.66

Group 13

124±2.66

200±13.11

296±22

330±55.66

353±24.33

Group 14

86±10.66

155±7.66

105±26.33

299±25.66

362±14.11

Group 15

122±26.66

223.66±30

288±12.66

300±15.11

399±13.66

Note: ±=Result obtained after triplicate analysis

304.67±22.89 390.67±38.11

Table 2.
toxicity

Blood glucose level (mg/dl) of rats before and after induction of diabetic hepato-

Groups

Before toxicity

After toxicity

Group1

86±4.2

-

Group 2

87±28.2

370.33±196

Group 3

71±8.11

500±30.33

Group 4

117±18.33

433±92.33

Group 5

74±7.91

340±55.78

Group 6

77±17.33

353.33±38.44

Group 7

65±0.9

234.67±97.33

Group 8

159±7.4

384.67±38.11

Group 9

74±5.67

377±66

Group 10

78±5.0

245±90

Group 11

118±4.0

376±69.33

Group 12

67±4.8

311.33±118.23

Group 13

77±18.33

452±44.67

Group 14

90±20.33

522±78

Group 15

65±9.11

377±67.33

Note: ±=Result obtained after triplicate analysis

ASSESSMENT OF BIOCHEMICAL AND OXIDATIVE PARAMETERS OF
BLOOD
There were same reduction in bilirubin level by 50ug/ml and 100ug/ml of water extract
of large honey (0.1±0.002 and 0.1±0.03 mg/dl respectively) as compared to hepato-protective
control group (0.1±0.005 mg/dl), Vehicle (0.3±0.03 mg/dl) and hepato-toxic control group
(0.2±0.002 mg/dl).Ethanolic extracts of small and large honey at 100ug/ml showed maximum
reduction in ALT level (64.5±2, 68.5±2.0 U/L) followed by 200ug/ml of ethanolic extract of
small honey (79.05±2.01 U/L). 200ug/ml of Ethanolic extract of large honey showed increase
in ALT level (577.25±30.25 U/L) while water extract showed reduction (55.25±0.005 U/L)
as compared to Hepato-protective control group (83.01±40 U/L), vehicle (87.2±1.7 U/L) and
Hepato-toxic group (89±12.5 U/L) respectively.It was evaluated that 100ug/ml and 200ug/ml
of ethanolic extracts of small honey showed maximum reduction in AST (260±0.5 and
303.01±20 U/L respectively) and ALP level (135±0.7 and 130.01±0.45 U/L) than that of large
honey (AST level was 1240±0.75 and 1156.1±91 U/L while ALP level was 684.01±0.45 and
383.01±50 U/L respectively). Water extracts of both honey at all concentrations also increased
the level of AST (1325.5±90.3, 1306±2.01 972.5±631.5, 525±105, 392±55.5 and 497.5±62.5
U/L respectively) as compared to hepato-protective (307±92.01 U/L), vehicle (269±64.01
U/L) and hepato-toxic groups (368.8±166 U/L) respectively. While ALP level rose maximally
by 200ug/ml of water extracts of small honey (774.5±56.35 U/L) as compared to hepatoprotective control group (231.5±19.5 U/L), vehicle (91±30 U/L) and hepato-toxic control
group (127±12 U/L).Total protein activity was maximally reduced by 200ug/ml of water
extract and 50ug/ml of ethanolic extract of small honey (3.6±0.5 and 5±0.1 g/dl) and 50ug/ml
of water extract of large honey (5.6±0.45 g/dl) while on the other hand 50ug/ml water extract
of small honey elevated total protein (6.15±0.35 g/dl). The activity of total protein was also
increased by 100ug/ml water and ethanolic extracts of small honey and 100ug/ml and
200ug/ml of large honey (7.5±0.4, 7.3±0.45, 5.8±0.3, 6.3±0.2, 7.1±0.1, 6.65±0.15, 6.4±0.3
g/dl respectively) as compared to hepato-protective (6.3±0.4 g/dl), Vehicle (7.8±0.4 g/dl) and
Hepato-toxic control groups (7.7±0.1 g/dl). In case of liver damage albumin level decreases
so in current study the level of albumin was high in vehicle (3.9±0.2 g/dl) as compared to
hepato-toxic (3.6±0.3 g/dl) and hepato-protective control groups (3.05±0.45 g/dl). Extremely
high increase in albumin level was shown by 100 and 200ug/ml water and ethanolic extracts
of small honey (3.55±0.45, 3.5±0.01, 3.1±0.4 and 3.3±0.005 g/dl respectively) and large
honey (2.9±0.01, 2.8±0.005, 2.72±0.05 and 2.8±0.5 g/dl respectively). Least increase in
albumin activity was shown by 50ug/ml ethanolic extract of small honey (2.2±0.005 g/dl) and
water extract of large honey (2.5±0.005 g/dl). The level of globulin was slightly high in
hepato-toxic control group (4.1±0.5 g/dl) as compared to vehicle (3.97±0.18 g/dl) and hepatoprotective control groups (3.25±0.05 g/dl). 100ug/ml water extract of large honey effectively
reduced globulin level (2.9±0.3 g/dl) as compared to control groups while 50 ug/ml water
extracts of small honey and large honey also showed reduction in globulin level (3.15±0.15
and 3.1±0.1 g/dl). On the other hand 100ug/ml and 200ug/ml water and ethanolic extracts of

small and large honey showed gradual increase in its level (3.95±0.05, 3.8±0.3, 2.9±0.3,
3.5±0.1, 4.05±0.5, 3.8±0.2, 3.9±0.1 and 3.6±0.2 g/dl) as compared to control groups.In case
of liver damaged, A/G ratio becomes high so from current study it was observed that %
reduction in A/G ratio was shown by 50ug/ml ethanolic extract of small honey (0.59±0.001)
while it decreased slightly by 50ug/ml water extract of large honey (0.8±0.003), 100ug/ml
ethanolic extract of large honey (0.8±0.025) and 200ug/ml water and ethanolic extracts of
both honey samples (0.76±0.05, 0.86±0.005, 0.705±0.005 and 0.77±0.005).On the other hand
50ug/ml water extract of small honey showed elevation in A/G ratio (0.945±0.015) and its
level was highly increased by 100ug/ml water extract of large honey (1.005±0.105) as
compared to hepato-protective group (0.94±0.16), vehicle (0.97±0.02) and hepato-toxic group
(0.88±0.12). 100ug/ml ethanolic extracts of large honey was noticed more effective for the
reduction of total lipids (381.3±19.7 mg/ml) like that of hepato-protective control group
(392±308.5 mg/ml) as compared to vehicle (586±29 mg/ml) respectively. 50ug/ml and
100ug/ml ethanolic extracts of large honey were found to be more efficient for the reduction
of cholesterol in diabetic rats (62±4.6 and 76±5.3 mg/ml respectively) just like metformin
treated group (127.5±16.5 mg/ml) as compared to vehicle and hepato-toxic control
(84.25±7.625 and 93.5±4.2 mg/ml respectively). 100ug/ml and 200ug/ml ethanolic extracts
of large honey were more efficient to reduce triglycerides in diabetic hepato-toxic rats
(79.3±10.9 and 117±28 mg/ml respectively) as compared to hepato-protective control
(339.5±229.5 mg/ml), vehicle (98.25±153.5 mg/ml) and hepato-toxic control (219.5±16.5
mg/ml) respectively. For the reduction of level (mg/ml) of HDL, LDL, VLDL, total protein
and glycosylated hemoglobin (%) levels, like hepato-protective control group (69.5±4.5,
27±8, 83±59, 0.075±0.025 and 5.25±0.45 respectively), all concentrations of ethanolic
extracts were more effective [(42±5.3, 42.3±2.4 and 53.3±4.9), (19.6±1.13, 20.6±3 and
40±26), (24.6±3.1, 19.6±3.13 and 28.3±11.1), (0.06±0.02, 0.13±0.04 and 0.06±0.02) and
(6.06±0.11, 5.03±0.95 and 6.03±0.75 respectively] as compared to vehicle (48.25±10.5,
17.5±2.5, 19.5±7.75, 0.055±1.38 and 4.77±0.96 respectively) and Hepato-toxic control
(57.5±3.5, 17±2, 48.5±6.5, 0.06±0.01 and 11.9±5.95 respectively) (Table 3 and Figure 2).

Table 3.

Biochemical and Oxidative parameters in Post treated animals

Groups Sam S Conc. Biliru SGPT(A SGOT( ALP (u/l) TP Albu Globu A/G Glucose Total Cholest TGs(m HDL LD VL TP HbA
ple
bin
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(u/l)
(g/dl) (g/dl) (%) (mg/dl) (mg/dl) (mg/dl)
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(m (mg/ /dl) (%)
ml)
)
g/dl dl)
)
Vehicle Salin W
e

0.9 0.3±0. 7.2±1.7 296±64. 91.01±38 7.8±0. 3.9±0. 3.97± 0.97± 15.45±3 471.7± 84.25± 98.25± 48.25 17. 19.5 0.0 4.77
%
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01
.0
4
2
0.18 0.02
3
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.5 5
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1
1
3
5
0.12 65.2
2
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l
.01 5
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+
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0
01
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8.5
16.5
229.5 4.5
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protectiv
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25
.

Experim SH
ental

W

50

0.25± 141.55± 1325.5± 674.01±1 6.15± 3±0.2 3.15± 0.945 372±70 422±97 117±5. 369±19 37.3± 13. 82.6 0.4 6.06
0.02
45
90.3
44
0.35
0.15 ±0.01
.3
7
.4
8.9
3±1 ±4.6 4±0 ±0.1
5
.8
.24 5

LH

Eth 50

0.1±0. 259±0.5 835±2.0 462.02±0 5±0.1 2.2±0. 3.7±0. 0.59± 530±0 442.3± 62±4.6 30.3±8. 42±5. 19. 24.6 0.0 6.06
012
5
.9
005
45 0.001
95
4
3
6±1 ±3.1 6±0 ±0.1
.13
.02 1

W

0.1±0. 614±0.4 1306±2. 228.01±0 5.6±0. 2.5±0. 3.1±0. 0.8±0 319±0 422±97 117±57 369±19 37.3± 13. 82.6 0.4 6.06
002
2
01
.6
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005
1
.03
.3
.6
4
8.9
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50

Eth 50

SH

0±0

0±0

0±0

0±0

0±0

0±0
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protein, TGs= Triglycerides ±=Result obtained after triplicate analysis

Figure 2.

Biochemical and oxidative parameters of rats

C=Control, SCB=Sodium Citrate Buffer; PHT=Positive Hepato-toxic, PHP=Positive Hepato-protective, W=water, E=Ethanol

ASSESSMENT OF HISTOPATHOLOGY OF LIVER
Liver cells of all groups were examined for cellular analysis.

Histopathology of control groups
In negative control group rats all hepatocytes were normal with normal nucleus. (3 a).
There was no liver injury and no bile pigmentation seen in liver cells. Hepatocytes of Hepato-toxic
control group were damaged and there was swelling in cell wall of kuffer cells due to induction of
streptozotocin that caused oxidative stress and severe bile pigmentation (Figure 3 b). While
damaged hepatocytes of hepato-protective control group were repaired but there were still hepatic
lesions and hepatocytes were going to regenerate (Figure 3 c). Kuffer cells were seen in this group
performing their activity of first line of defense.
Histopathology of Experiment groups
Liver cells of animals from group 4 to 7 at 40X showed that induction of 50ug/ml water
and ethanolic extracts of small and large honey performed function to reduce inflammation of cell
but there was still swelling of cell walls seen along with damaged cells (hepatocytes) (Figure 4.12
to Figure 4.15) and there was still bile pigmentation. While in liver cells of animals from group 8
to 11 hepatic lesions were reduced. The swelling of cell was still seen but somehow it was reduced
due to induction of 100ug/ml of water and ethanolic extracts of small and large honey (Figures
4.16 to Figure 4.19). There was bile pigmentation but it was mild and not sever. The liver cells
were going to regenerated. Its mean that honey extracts were effective against hepato-toxicity. In
hepatic cells of animals from group 12 to 15, there was regeneration of hepatocytes and sever
reduction in swelling of cell walls and in bile pigmentation due to induction of 200ug/ml of water
and ethanolic extracts of small and large honey. However it was noticed that honey had moderate
effect to control hepatic damage (Figures 4 a - l).

Figure 3.

Histopathological examination of (a) Vehicle (b) Hepato-toxic control group (c) Hepatoprotective control group

Figure 4.

Histopathological examination (at 40 X) of experimental groups

[(a) Ethanolic extract (50µg/ml) of SH (b) Water extract (50µg/ml) of SH (c) Ethanolic extract
(50µg/ml) of LH (d) Water extract (50µg/ml) of LH (e) Ethanolic extract (100µg/ml) of SH (f)

Water extract (100µg/ml) of SH (g) Ethanolic extract (100µg/ml) of LH (h) Water extract
(100µg/ml) of LH (i) Ethanolic extract (200µg/ml) of SH (j) Water extract (200µg/ml) of SH (k)
Ethanolic extract (200µg/ml) of LH (l) Water extract (200µg/ml) of LH]

DISCUSSION
Streptozotocin (STZ) is a toxin that leads to inflammation and apoptosis of β-cells in the
pancreas mimicking autoimmune diabetes. Moreover, in high concentrations, acute toxicity in
extra pancreatic organs has been described. 80 μg/g STZ or solvent (interperitoneally) over 5 days
led to 2.1-fold induction of antiapoptotic cFLIP mRNA in liver tissue on day 21 following STZ
treatment. Moreover following treatment with STZ, the levels of ALT were elevated 3.8- and 3.9fold, respectively, in control albumin promoter mice on days 12 and 21. Levels of malondialdehyde
(MDA), a marker of oxidative stress, doubled in response to STZ treatment. Histological analysis
of liver tissue showed lobular infiltrating inflammatory cells on day 21 following STZ injections
and a higher degree of apoptotic Hepatocytes with increased amounts of activated caspase-3.
Levels of pro- and anti-inflammatory proteins involved in the regulation of the mitochondrial axis
of the apoptosis signal, including Bid, Bcl-2 and Bcl-Xl are not differently expressed and are left
unaffected by STZ treatment. Thus, hepatocellular injury from STZ in mice is regulated by cFLIP
and involves both acute toxicity and metabolic mechanisms that occur only in vivo. In Short STZ
treatment leads to hepatic inflammation and apoptosis in mice with cFLIP-deficient Hepatocytes
while STZ-induced expression of cFLIP protects mice from liver injury (Kohl et al. , 2013).
Prolonged activation of JNK was previously shown to promote apoptotic liver injury from TNF.
Moreover activation of NF-κB involves alterations of RelA (p65) and NF-κBB2 (p100/p52)
(Schattenberg et al. , 2006) and has been implied in inflammatory liver injury and
hepatocarcinogenesis, as well as in the context of STZ-induced diabetes (Beraza et al. , 2009).
Hepatocyte cell death from STZ occurs as caspase-dependent and is ameliorated by inhibition of
JNK and insulin treatment ex vivo. It is prevented by deletion of JNK2 and is dependent on T and
B lymphocytes (Kohl et al. , 2013).
As honey comprised of some major components such as manganese, zinc, copper,
potassium, calcium etc, which have a key role in the control of liver diseases (Amabye, T.G. &
Mekonen, F. 2016). Out of these some mineral regulate blood glucose level and maintain it to its
normal level and also secrete insulin from pancreatic β-cells (Afroz et al., 2016) while other
minerals like copper and zinc are known to play role in metabolism of glucose and insulin. Honey
has a positive effect to cure hepatic damage by reducing the activity of various enzymes which are
responsible for proper functioning of liver. Phospholipase A2 enzyme present in honey shows its
action on plasmatic lipoprotein by lysing the cell membrane (Buba et al .,2011), which increases
the rate of glucose transportation and takes up lipids into adipose tissues and increase the binding
of insulin molecule.

In hepatic damage the level of SGOT and SGPT is extremely high in diabetic rats which
was then maintain back to its normal level by treating them with honey, now it was shown that
level of SGOT and SGPT was low in honey consuming rats as compared to the hepato-toxic rats.
This is the main indicator of normal functioning of liver. Liver damage may acute or chronic which
depends on the concentrations of SGOT,SGPT, bilirubin as well as bile pigment. The elevation in
these parameters gives us strong evidence about hepato-toxicity. Phenolic and flavonoids of honey
also have a curative effect against streptozotocin induced hepato-toxicity and they do it by their
antioxidative feature by which different types of phenolics and flavonoids inhibit the formation of
Cu2+ induced oxidative modification of lipoproteins and ALT and AST activities in serum (Wang
et al., 2015).
Total protein concentration, albumin and globulin decreases in hepatic injury leading to hepatotoxicity. This estimation is considered as addition test to check hepatic damage. Honey is however
a good curative medicine to maintain total protein, albumin and globulin levels. Honey has a
defensive mechanism against oxidative stress caused by various drugs. It was noticed that herbal
medicine have role in the normal functioning of many parameters (Zhao et al. , 2018). Honey of
Apis cerana Fabricius depresses the liver index, decreases the enhancement of serum
aminotransferase induced by bromobenzene, improves the hepatic MDA content, SOD, and GSHPx activities, and inhibits the expression of TGF-β1, with the result indicating that the treatment
with A. cerana honey can protect bromobenzene- induced liver injury in mice.

Conclusion:
It is revealed that control group hepatic cells have normal nuclei, hepato-toxic group showed
extremely large hepato lesions and hepato-protective positive control group showed regenerated
hepatocytes due to Metformin. The experimental groups showed reduced hepatic injury as
compared to hepato-toxic group. Same like histopathology the activity of AST, ALT and bilirubin
increased in hepato-toxic group as compared to control group which is then maintained back by
administration of honey samples. It is concluded that honey has shown more hepatoprotection at
low dose while extracts of small honey were more hepato-protective than large one and Ethanolic
extract were more active than water extracts. In future different compounds of honey can be
isolated and Hepato-protective drug can be formulated. Moreover it is noticed from current
research that water and Ethanolic extracts of small and large honey play a significant role in
maintaining the activity of different proteins and liver enzymes.
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