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This study was designed to determine the protective effect of nabk honey as antioxidant against pathological
effects of penicillin and streptomycin histological structure and functions of guinea pigs liver . A total of sixty
adult male guinea pigs weighting 800-900g were divided into six groups of ten guinea pigs each, and the
experiment lasted 30 days. Animals in group | served as control, animals in group 2 were administrated orally
with nabk honey 600 mg/kg, animals in group 3 were intraperitoneally (i.p.) injected with penicillin 50000 1U/kg
b.w, animals in group 4 in addition penicillin were orally administrated with nabk honey 600 mg/kg, animals in
group 5 were (i.p.) injected with streptomycin 50 mg/kg, and animals in group 6 in addition streptomycin were
orally administrated with nabk honey 600 mg/kg. The result showed a significant increase in AST, ALT & ALP
levels, and a significant decrease in the levels of total protein and albumin, and addition to histopathological
changes in penicillin and streptomycin treated guinea pigs when compared to the control guinea pig. The results
of honey administration decreased these histopathological changes, the structure of liver and hepatocytes
appearance was more or less similar to control group as well its function. The present results indicate that honey

may play an important role as cytoprotective and pave the way for further studies on the possible use of honey.

INTRODUCTION

Bacterial infections are one of the leading infectious
diseases confronting public health and the antibacterial therapy
remains relevant in treatment and control of such infections
especially in developing countries (Barry, 1999). The increase in
the rate of resistance of microorganisms to monotherapy is
increasingly alarming and has necessitated use of combination
therapy in treatment of some infectious diseases (Brunton et al,
2008). For instance, penicillin G or amoxicillin were the mainstay
therapy for pneumococcal infections, however, bacterial resistance
to penicillins, cephalosporins and non-beta lactam antibiotics
have escalated in the last two decades (Jones and Pfaller,
1998; Barry, 1999). Therefore, complete cure may not be
achieved with penicillins or cephalopsporins monotherapies
when use against Streptococcus pnuemoniae (Friedland, 1994).
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This and many other cases have necessitated the
combination of two or more different antibiotics to obtain improved
effects in the treatment of infections and many have proved
efficacious. In an experiment, penicillin-streptomycin gave total
cure in mice infected with Streptococcus pneumoniae (Udeani and
Kalu, 2003). Penicillin and streptomycin are narrow spectrum drugs
with effects usually on Gram positive and negative organisms,
respectively (Rossi, 2004; Bishop, 2006) resulting in potential
increase in toxic effects or reduced efficacy (Hansten, 1998;
Brunton et al, 2008). Liver being the largest organ in the body and
functionally responsible for detoxification of drugs and xenobiotics
(Ganong, 2006), and usually suffers most of these potential toxic
effects. The damage in liver function usually manifesting as altered
activities of liver enzymes such as liver alkaline phosphatase,
transaminases and moreover sometimes altered total serum protein
(Bass, 2003). Acute liver injury has been described as the leading
cause of drug withdrawal based on safety grounds (Bakke et al,
1995).
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Honey is a natural product of honey bees formed from
nectar collected from blossoms. It has been reported that honey
contains moisture and carbohydrates including sugars such as
fructose and glucose (Mohamed, 2005).

It also contains enzymes such as catalase and glutathione
reductase, minerals such as iron and zinc, vitamins such as
vitamins A and E as well as phenolic compounds and organic
acids (Al-Waili et al,2003; Mato et al,2003; Michalkiewicz et al,
2008).

Scientific studies have shown that honey possesses some
biological properties such as antimicrobial (Tan et al, 2009), anti-
inflammatory (Bilsel et al, 2002) and antioxidant (Perez et al,
2006). Oxidative stress has been implicated in the development of
many chronic diseases (Halliwell et al, 1992).

The therapeutic role of honey in the treatment of various
ailments has been receiving considerable attention recently, and its
therapeutic value has been partly attributed to its antioxidant
properties (Johnston et al., 2005; Beretta et al, 2005; Elizabeth et
al, 2006). Many studies of the different indicate to protective
effects of honey against many alteration caused by
organophosphate insecticides and some medicines that induced
hepatotoxicity (Mohamed, 2005 ; Abdel-Moneim and Ghafeer,
2007; Ismael and Ashour, 2007; Khadr et al, 2007; El-Khayat
2009; Eminedoki et al, 2010).

We have not found in the previous literatures any study
on protective effect of honey against penicillin and streptomycin-
induced hepatotoxicity.

The goal of this study is to investigate determine the
protective effect of nabk honey as antioxidant against pathological
effects of penicillin and streptomycin histological structure and
functions of guinea pigs liver.

MATERIALS AND METHODS

Materials

Nabk honey (local Product Yemen-Haiiah-Mabian), Penicillin
and Streptomycin were purchased powder from (Ave Group-USA-
Colombia-Mexico), All chemicals were of analytical reagent grade
and chemicals required for all biochemical assays were obtained
from Sigma-Aldrich Chemicals Co. (St.louis, Mo, USA).

Experimental Animals

60 healthy adult male guinea pigs (weighing 800 — 900 g),
were obtained from the animal rearing zoo- Sana'a- Yemen.
Animals were housed in the animal house - Department of
Biology- Faculty of Science- Sana'a university, under standard
lighting and  relative  humidity  conditions in a
temperaturecontrolled room (25 + 2°C) and relative humidity of 25
+ 5%). Animals were allowed to acclimatize to the laboratory
environment for 30 days, and the were given (Fresh grass hay,
Alfalfais, Legume (HCDGP, 2007, GPCS, 2007 and ILAR 1995)
and tap water ad libitum, Subsequently the animals were
randomly divided to 6 groups , 5 animals in group (2) and 10
animals in groups (1,3-6). Treatments were carried out over a
period of 30 days. Hence, our Treatments groups were as follows:

Groupl (C): Control saline solution

administrated).

Group2 (H): Honey (60 mg/kg orally administrated). (Gharzouli,
2001; Abas, 2010).

Group3 (P): Penicillin (50001U/kg intraperitoneal injection).
(Harold, 1998; Akande et al, 2012).

Group4 (P+H): Penicillin + Honey (50000 1U/kg intraperitoneal
injection + 1000U1/kg orally administrated).

Group5 (S): Streptomycin (50 mg/kg intraperitoneal injection).
(Brahin, 2008; Akande et al, 2012).

Group6 (S+H): Streptomycin + Honey (600mg/kg intraperitoneal
injection + 1000U1/kg orally administrated).

(5 mlkg orally

After 30 day of treatment, guinea pigs in all groups were
fasted overnight for 12h, and sacrificed and dissected under ether
anaesthesia, the blood was immediately collected and centrifuged,
and serum was discarded and kept at - 21°C for the biochemical
tests, and the liver tissues were removed as small pieces.

Estimation of liver function

Alanine- aminotransferase (ALT) and Asparatate-
aminotransferase (AST) Assay

The estimation was carried out according to the method
originally developed by Reitman and Frankel (1975).

Alkaline phosphatase Assay
ALP was determined using a colorimetric method as
described by Kind and King (1954).

Total Protein Assay
The total protein was determined by Biuret method
explained by Tietz (1976).

Albumin Assay
Serum albumin was determined according to the method of
Doumas et al, (1971).

Histological Studies

The liver of each guinea pig were removed. Small pieces
of liver were taken, then fixed by using a 10% neutral formalin.
The fixed tissues were dehydrated in series of alcohol
concentrations 70%, 80%,90% and 100%. The dehydrated tissues
were then cleared by using xylene as clearing agents. Then the
cleared tissues were embedded in paraffin wax at 60 °C. Blocks
were cut at 5mm thick and stained with hematoxylin and eosin
(Humason, 1979).

Statistical analysis

The statistical analysis was performed by SPSS; continuous
data are expressed as mean +S.E. Data were compared using one —
way ANOVA. P value <0.01 was considered to be statistically
significant. post hoc analysis of grope differences was performed
by LSD test. The treated groups were compared both with each
other and with untreated control groups.
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RESULTS
Biochemical results

Results in tablel show that the (i.p) administration of
Penicillin in a single dose 50000 1U/kg b.w.. per day period of 30
day (Group3). resulted in high significant P<0.01 increase in the
level of AST, ALT and ALP, as compared to control (Groupl),
Penicillin i.p. administration resulted also in high significant
P<0.01 decrease in the level of albumin and total protein, as
compared to the control (Groupl).

The administration of honey in a single dose 600 ml/kg
b.w. per day period of 30 day (Group2). Resulted in non
significant P<0.01 change in the level of AST, ALT, ALP,
albumin and total proteine, as compared to the control (Groupl).
Results showed that honey significantly (P<0.01) reduced the
toxicity of penicillin, where administration of Nabk honey in dose
600 mg/kg b.w. per day (Group4) beside Penicillin, resulted in
non significant P<0.01 change in the level of AST, ALT, ALP,
albumin and total protein, as compared to the control. Results in
table 2 show that the (i.p) administration of Streptomycin in a
single dose 50 mg/kg b.w. per day period of 30 day . resulted in
high significant P<0.01 increase in the level of AST, ALT and
ALP, as compared to control, Streptomycin i.p. administration
resulted also in high significant P<0.01 decrease in the level of
albumin and total protein, as compared to the control.

Results also showed that honey significantly (P<0.01) reduced the
toxicity of Streptomycin, where administration of Nabk honey in
dose 600 mg/kg b.w. per day (Group6) beside Streptomycin,
resulted in non significant P<0.01 change in the level of AST,
ALT, ALP, albumin and total protein, as compared to the control.

Histological results

The control livers show normal lobular architecture with
central vein and radiating cords of hepatocytes, separated by blood
sinusoids. Hepatocytes are large and polyhedral in shape with
slightly acidophilic granular cytoplasm. They have large, rounded,
vesicular nuclei with prominent nucleoli (Fig. 1,2).

The liver cells of group 3,5 animals showed obvious
histological changes, in the form of distortion in the hepatic
organization, dilatation and congestion of the blood sinusoids and
central vein, infeltration, heamorrhage, congestion, inflammation,
metaplasia, hyperplasia, hypertrophy, necrosis, vasodilutation,
thickning in the central vein, Some hepatocytes showed signs of
degeneration in the form of hypertrophy with highly vacuolated
cytoplasm and deeply stained nuclei. Other hepatocytes exhibited
hyalinized cytoplasm with pale nuclei and prominent nucleoli
(Fig.3,5). The liver cells of group 4,6 appeared more or less
similar to those of the control apart from few hepatocytes appeared
with vacuolated cytoplasm and pyknotic nuclei (Fig.3,5).

Table. 1: Statistical Analysis of Result of Liver Function Tests after 30 days of Penicillin and Nabk honey administration in dose 50000 1U/kg and 600 mg/kg
respectively.

Parameter AST U/L ALT U/L ALP U/L Total Protein g/dI Albumin g/dl
Groups

up M+SD Change M+SD Change M+SD Change M+SD Change M+SD Change
Control 21.95+17 - 2741418 - 5291422 - 7524028 - 3.78+0.15 -
Honey 20.71+1.9°  5.6% 27.33+1.8  0.3% 54.28+2.1°  2.3% 7.69+0.21°  2.3% 3.88+0.22°  2.6%
Penicillin 46.88+4.9°  1136%  63.06+5.6°  130.1%  78.06+4.3°  47.5% 6.03+0.45°  19.8% 2.96+0.18°  21.7%
P + honey 24.58+2.5° 12% 30.71+2.3° 12% 55.33+2.5°  4.6% 7.38+0.42° 1.9% 3.68+0.12°  4.8%
ANOVA 139.88 238.01 148.58 37.70 61.01
F-Value P<0.01 p<0.01 p<0.01 p<0.01 p<0.01
(DF-34) Sig Sig Sig Sig Sig

The values are given as Mean+Standard Deviation (M+SD), degrees of freedom (df), (in each group).-*Non significance,- "Low significance,- “High significance
at (P<0.01) vs. control.

Table. 2: Statistical Analysis of Result of Liver Function Tests after 30 days of Streptomycin and Nabk honey administration in dose 50 mg/kg and 600 mg/kg
respectively.

Parameter AST U/L ALT U/L ALP U/L Total Protein g/dI Albumin g/dl
Groups MSD Change MSD Change MSD Change MSD Change MSD Change
Control 21.95+17 - 2741418 - 5291422 - 7524028 - 3.78+0.15 -
Honey 20.71+1.9°  5.6% 27.33+1.8  0.3% 54.28+2.1°  2.3% 7.69+0.21°  2.3% 3.88+0.22°  2.6%
Streptomycin 60.35+6.8°  174.9%  79.36+3.5°  189.5%  88.46+3.4°  67.2% 5.44+0.35°  27.7% 2.29+0.12°  39.4%

S + honey 25.12+3.3°  14.4% 33.33+3.8"°  21.6% 56.57+3.9°  6.9% 7.28+0.33°  3.2% 3.3040.14°  12.7%
ANOVA 18551 258.08 288.01 102.87 208.79

F-Value P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

(DF-34) Sig Sig Sig Sig Sig

The values are given as Mean+Standard Deviation (M+SD), degrees of freedom (df), (in each group).-*Non significance,- "Low significance,- “High significance
at (P<0.01) vs. control.
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DISCUSSION

Liver, a vital organ in vertebrates, performs wide range
of functions such as detoxification, plasma protein synthesis and
metabolism of drugs among other functions (Ganong, 2006).
During these activities, liver could be exposed to toxicity from
these agents which may manifest clinically or only as abnormal
liver enzymes activities (Lee, 2003). The liver is the most sensitive
organ to preoxidative damage because it is rich in oxidizable
substances. The increment of the oxidative stress on the cells of
the liver and the consequent decrease in the antioxidant ability of
the cells result in the occurrence of aggressive cellular damage to
the liver cells with destruction of their membranes and the release
of the enzymes into the blood stream (Sallie et al, 1991). The more
severe the liver damage the higher the release of the liver enzymes
(Rowland and Tozer, 1989).

In the assessment of liver damage certain biomarkers of
hepatotoxicity are measured and one of such biomarkers are
enzyme levels such as AST and ALT because liver damage arising
from necrosis or membrane damage normally releases the enzymes
into circulation; therefore, measurement of these enzymes in
serum gives an indication of the health status of the liver. High
levels of AST indicate liver damage, as that due to viral hepatitis
as well as cardiac infarction and muscle injury. ALT catalyses the
conversion of alanine to pyruvate and glutamate, and is released in

Fig. (1-6): Hepatoprotective effect of Nabk Honey against Penicillin and Streptomycin-Induced Hepatotoxicity in Guinea pig. Liver sections were stained H &
E. (1) Control; (2) Nabk honey (600mg/kg b.w); (3) Penicillin- treated animals (50000 1U/kg b.w); (4) Penicillin+nabk honey (50000 1U/kg b.w +600 mg/kg
b.w); (5) Streptomycin- treated animals (50 mg/kg b.w); (6) Streptomycin +nabk honey (50mg/kg b.w +600 mg/kg b.w); (A)Central vein; (B) Hepatocytes; (C)
Kupver cells; (D) Sinusoids; (E) Infeltration; (F) Thickning in the central vein; (G) Metaplasia; (H) Heamorrhage; (1) Vasodilutation; (J) Congestion; (Q)
Hypertrophy; (N) Necrosis; (M) Odema.

a similar manner. It is known that an increase in the enzymatic
activity of ALT and AST in the serum directly reflects a major
permeability or cell rupture, and thus ALT is more specific to the
liver, and is thus a better parameter for detecting liver injury
(Wittwer and Bouhmwald, 1986; Pratt and Kaplan, 2000). An
increase in AST and ALT, a hepatospecific enzyme that is
principally found in the cytoplasm of ginea pig following
administration of a hepatotoxin is attributed to the increased
release of enzymes from the damaged liver parenchymal cells
(Benjamin, 1978; Singh, 1980 ; Hansten, 1998 ; Pratt and Kaplan,
2000; Garba et al, 2009). The elevated level of alkaline
phosphatase an enzyme produced in the liver, bone and placenta
indicates liver injury or bile duct obstruction as a result of
penicillin and streptomycin administration. Liver injuries are
mostly caused by interference with the metabolic pathways
essential for parenchymal cell intergrity. They lead to diversion,
competitive inhibition or structural distortion of molecules
essential for metabolism or to selectively blockade of key
metabolic pathways required to maintain the intact hepatocyte.
The biochemical and physiological lesions induced by these agents
lead to degenerative changes such as steatosis, necrosis or both
(Whitby et al, 1984 ; Garba et al,2006). Oedema in this result
denotes excess plasma fluid in the interstitium which normally
causes an expansion in the intracellular matrix and a major local
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manifestation of acute inflammation in dividing resident of
lymphocytes or macrophages (Kumar et al, 2004). Serum AST,
ALT is the most sensitive biomarkers used in the diagnosis of liver
diseases (Pari and Kumar, 2002). During hepatocellular damage,
varieties of enzymes normally located in the cytosol are released
into the blood flow. Their quantification in plasma is useful
biomarkers of the extent and type of hepatocellular damage (Pari
and Murugan, 2004). Serum ALT catalyses the conversion of
alanine to pyruvate and glutamate, and is released in a similar
manner. Therefore, serum ALT is more specific to the liver, and is
thus a better parameter for detecting liver injury (Williamson et al,
1996). On the other hand, total plasma protein and albumin was
significantly decreased in all drug-treated groups. Liver
synthesizes plasma protein (Ganong, 2006) and lower protein level
has been reported in compromised liver functions (Bass, 2003),
The decrease in the serum albumin and total proteinmay also
indicate to the renal inability keeps it in; therefore it excreted with
urine (Albumiurea) (Vasilenko and Grebenev, 1990). Thus, the
penicillin and streptomycin altered the synthetic function of the
liver. In conjunction with the reports of (Hegde and Joshi, 2009;
Kim et al, 2010), data from the present study showed that
penicillin and streptomycin caused hepatic damage with a
significant increase in serum levels of ASAT, ALT and ALP and
decrease in serum levels of total protin and albumin level is also
related to the status and function of hepatic cells. penicillin and
streptomycin administration in the present study also caused
significant increase in the serum ALP which may be due to
increased synthesis in presence of increasing biliary pressure
(Moss and Butterworth, 1974). The distortion of the radial
arrangement of the sinusoids from the central vein, the distortion
of the hexagonal shape of the hepatocytes with evidence of hepatic
necrosis may be due to the cleaving of sialic acid by the enzyme
sialidase from the haemoglobin-free erythrocytes, plasma and the
liver, thus exposing the liver to the damage noticed (Wilson et al,
2011). Thus, our results demonstrate effect penicillin and
Streptomycin on  Hepatotoxicity, and this is consistent with
(Walter et al, 1996; James et al,1998 ; Janker et al, 2005 ; Brahin
,2008 ; Akande et al, 2012). However, the activities of these
enzymes were reduced after the treatment by honey bee (groups 3
and 5), when compared to penicillin and streptomycin treated rats
alone. The penicillin and streptomycin induced oxidative stress has
lowered, On hypothesis to explain the beneficial effects of honey
in ameliorating biochemical parameters and histological changes is
that honey may contains flavonoids, ascorbic acid, tocopherols,
catalase and phenolic compounds. All of which work together to
provide a synergistic antioxidant effect, scavenging and eliminat
ing free radicals (Johnston et al, 2005). and in Recently, it has
been found that honey leads to increased levels of total protein and
albumim in biological fluids and to reduced liver enzymes, such as
AST, ALT and ALP, in blood (Al-Waili et al, 2006). plus honey
group showed significant improvement in liver tissues. Our results
showed the protective potential of honey with liver damage. Thus,
our results demonstrate protective effect of nabk honey
Hepatotoxicity, and this is consistent with (Mohamed, 2005;

Abdel-Moneim and Ghafeer, 2007; Ismael and Ashour , 2007;
Khadr et al, 2007; El-Khayat, 2009; Eminedoki et al, 2010). In
conclusion, we suggest that honey supplementation may give
beneficial results in the prevention of hepatic damage induced by
the use of antibiotics (penicillin and streptomycin).
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