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Summary

The effects of oseltamivir administration, an anti influenza viruses A and B, on some
functional parameters of rat liver were investigated, to evaluate the possible hepatotoxic
effect. Eighteen (18) wister male albino rats with body weight ranged 150-190 gm were
divided into three groups, the first group(T1) was treated orally with 1mg/kg.BW as
therapeutic dose of Oseltamivir for 7consuctive days. The second group (T2) was
treated with the same dose for six weeks, while the control group dosed distill water.
The results revealed, there was a significant increase in the onset of barbiturate sleeping
time and a significant p < 0.05 decrease of the duration of barbiturate sleeping time of
the T2 rats . The liver enzymes activity revealed a significant decrease in ALT in T1
rats and significant increased p<0.05 in the T2 rats, while the AST activity showed only
significant increased p<0.05 in the T2 treated rats. The activity of ALP was p<0.05
significantly increased in the rats of treated groups. The blood sugar was significantly
decreased p<0.05 only in the T2rats. Cholesterol level was significantly p<0.05
increased in T2 treated rats, while the serum of both treated groups showed a
significantly increase p<0.05 in the triacylglycerol concentration.

The HDL level was significantly decreased p<0.05 only in theT1 rats. The treated T2
rats showed a significant decrease p<0.05 in the LDL, while the VLDL level revealed a
significant increase p<0.05.The total serum protein level was significantly increased
p<0.05 in the rats of T2. Liver histopathological lesions of the T1rats revealed large
amount of suppurative exudates, severe dilation and congestion of central veins and
sinusoids with activation of kupffer cells. The liver of T2 rat showed multiple areas of
focal necrosis, fibrous thickening of Glisson capsule with vacuolar degeneration of
hepatic parenchyma. In:conclusion, Oseltamivir has hepatotoxic effect in rats treated
with therapeutic dose 1mg/ kg.BW. orally in different periods.
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Introduction

Oseltamivir is a potent and selective inhibitor of the neuraminidase enzyme of the
influenza viruses A and B(1),and it is used in the treatment and prophylaxis of both
influenza viruses(avian and swineinfuenza) ( 2). Oseltamivir is rapidly hydrolyzed to its
active form oseltamivircarboxylase (Ro 64-0802), by human carboxylesterase 1(hCES1)
in the liver (3). After oral administration, oseltamivir is readily absorbed from the
gastrointestinal tract. The active metabolite is detectable in plasma 30 minutes after
dosing (4). Oral oseltamivir has generally been well tolerated in patientswith influenza
given the standard oral dosage of 75mg bid. Nausea (9.9%) and vomiting (9.4%) were
the mostfrequently reported adverse events. Similar results were seenin children. Other
events such as diarrhea, bronchitis, abdominal pain, dizziness and headache were seen in
lessthan 7% of recipients. Gastrointestinal events generally appear within the first one to
two days and resolve thereafter (5). The oseltamivir ethyl ester is well absorbed and
rapidly metabolized to active oseltamivir carboxylate. The bioavailability of the
oseltamivir carboxylate is about80% after oral administration of the prodrug (6 and
7).The liver is prone to xenobiotic — induced injury because of its central role in
xenobiotic metabolism., its portal location within the circulation, and its anatomic and
physiologic structure (8).Drug —induced liver injury (DILI) is a major health problem
that challenges not only health care professional, but also the pharmaceutical industry
(9). Because of the significant patient morbidity and mortality associated with DILI, the
USA Food and Drug Administration (FDA) have removed several drugs from the
market (10).This work is set out to provide information on the effect, if any, of repeated
administration of oseltamivir at the required therapeutic dose 1mg/kg.BW on selected
functional indices of rat liver. This was evaluated by monitoring some functional tests
for rat liver. The aim of the study is to evaluate the possible hepatotoxic effect of
oseltamivir in male albino rats.

Materials and Methods
Preparation of Oseltamivir solution by dissolving one capsule-Oseltamivir (Flufly)®
capsule 75 mg.(Julphar-RasALkhimah-UAE) in 75 milliliters of distilled water to
achieve concentration of 1mg/ml. Each 100 gm of body weight of rat dosed 0.1 ml of
drug solution which contained 0.1mg of Oseltamivir as therapeutic dose.
Wister male albino rats with body weight ranged 150-190 gm were procured from
the animal house of the College of Veterinary Medicine .University of Baghdad,
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maintained in an air conditioned room (25+1)'C with a 12 hours light : 12 hours dark
cycle. Standard pellet diet and water were provided ad —labium (11).

Barbiturate sleeping time :- eighteen rats divided into three equal groups(T1, T2,
control) subjected to barbiturate induced sleeping time test which performed according
to the method of(12).The T1 group dosed 1mg/kg.BW orally(by orogastric tube) as
therapeutic dose of Oseltamivir for 7consuctive days. The T2 group also dosed the same
dose but for six weeks, while the control group dosed distilled water. All groups injected
IP with 25 mg/kg. Thiopentalsodium (THIOPENTAL) ® 1gm obtained from Egyptian
international pharmaceutical industries CO A.R.E an ultra-short barbiturate. The time
elapsed between the loss and voluntary recovery of the righting reflex was recorded as
sleeping time. Sleep latency was also recorded.

Clinical study:- eighteen rats divided equally into three groups (T1, T2 and control)
subjected to blood biochemical analysis. The both two treatment groups were dosed in
the same pattern mentioned above, while the control group dosed distilled water. Blood
collected through heart puncher post treatment from anesthetized animals of all groups
by ketamine HCL (Ketamin10%)® obtained from KEPRO- HOLAND and xylazine
HCL(XYLAZIN 2%) obtained from CEVA-GERMANY . The serum obtained by
centrifugation of all blood samples with 5000rpm for five minutes.

All the animals of groups T1 and T2 were sacrificed at the end of dosage period
Livers obtained and preserved in 10% formalin saline, then sent to laboratory of
medicinal city hospital for histopathology processing according to (13).

Blood biochemical analysis:-The activities of aspartateaminotraseferase (AST),
alanineaminotranseferase (ALT) and alkalinephosphatase(AP) assessed by using
commercial available kit (RANDOX- UK). The serum cholesterol was assessed by using
commercially kit (Biomaghreb), which is enzymatic colorimetric test depending on
hydrolysis and oxidation (14, 15, and 16).Serum triacyglycerol were estimated by using
diagnostic kit (BIOLAB SA — FRANCE), depending on the formation of colored
complex (quinoneimine) (17). HDL, LDL and VLDL were assessed by using
commercially kit (Biomagreb) depending on precipitation of LDL, VLDL and
chylomicron fractions (18 and19). Total serum bilirubin, direct bilirubin and indirect
serum bilirubin were assessed by using available commercial kit (BIOLAB SA —
FRANCE), which is depending on formation of azobilirubin(17 ) .Blood glucose was
assessed by Trinder reaction (14).Which is depending on the formation of red
quinonimine by using available commercial kit (LINEAR chemicals — SPAIN).Total
serum protein assessed by biuret reaction, chelae formed between the Cu™ ion and the
peptide bonds of protein in alkaline solution to form violet complex. Photometrically
measured at 540 nm wave length (20).

Statistical analysis was conducted according to SPSS version 13.00. The ANOVA
one way used for significances assessment between groups. The P — value <0.05
considered as statistically significant. LSD multiple range tests was carried out for
comparing between means (21).

Results and Discussion

Barbiturate sleeping time:-There was significant increase p< 0.05 in the onset of
barbiturate sleeping time of the animals that received therapeutic dose of oseltamivir for
six weeks(T2) in comparison with the pretreatment onset of the same group and with
both T1 treated group which received therapeutic dose of oseltamivir for one weekT1
and the control one which was received distilled water( tablel),while the duration of
barbiturate sleeping time revealed significant decrease p<0.05 in the same pattern of the
onset time ,(tablel).
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ALT AST and ALP serum activity:-The liver injury enzymes activity revealed
significant decrease p<0.05 in ALT of the animals of T1 treated group(9.16+0.70)U/L
and significant increase in theanimals of T2 treated group(50.00+£1.89 )U/L in
comparison with the animals of control group(18.8+1.35) (table,2). The AST activity
showed only significant increase p<0.05 in the animals of T2 group (113.33+3.80)U/L
in comparison with both T1 treated group and the control one. The activity of ALP were
significantly increased p<0.05 in  both treated group animals T1 (120.50£32.18)U/L
and T2 (78.16+£12.18)U/L in comparison with the control one (30.40£2.73)U/L,(
table,2).

Random blood sugar: - The random blood sugar is significantly decreased p<0.05
only in the animals of T2 treated group (98.50+18.06)mg/dL in comparison with the
animals of T1 treated group and the control one, (table 3).

The cholesterol level is significantly increased p<0.05 in the animals of T2 treated
group (125.50+10.42)mg/dL in comparison with both T1 treated group animals and the
control one .while the animals of both T1 and T2 treated groups showed significantly
increase p<0.05 in the triacylglycerol level between them and in comparison with the
control one (Table 4).

The result of HDL level is significantly decreased p<0.05 only in the animals of T1
treated group(27.00+£2.86)mg/dL in comparison HDL level in the animals of both T2
treated group(45.50+7.20)mg/dL and the control one(40.50+2.68) mg/dL (table,5).The
animals of T2 treated group showed significant decrease p<0.05 in the LDL
(30.66+13.04)mg/dL in comparison with the LDL level of both T1 treated
group(64.90+£6.97)mg/dL and the control one(73.64+4.93)mg/dL (table,5). While the
results of VLDL level revealed only significant increase p<0.05 in the animals of T2
treated group(63.66+0.61)mg/ dL in comparison with VLDL level in the animals of
both T1 treated group(5.43+0.55)mg/ dL and the control one(6.14+0.75)mg/dL,(table,5).

The total serum protein level is significantly increased p<0.05 only in the animals of
T2 treated group(620.00+18.38)mg/dL in comparison with its level in the animals of
both T1 treated group(278.66+9.10)mg/dL and the control one (327.40 £40.29) mg/dL
(Table,6).

The results of total serum bilirubin (T.S.B) level revealed significant decrease p
<0.05 only in the animals of T2 treated group(1.15+0.17) mg/dL in comparison with its
level in the animals of both T1 treated group(3.08+0.32)mg/dL and the control
one(3.68+0.66)mg/dL (table,7),while the level of direct serum bilirubin revealed
significant increase p <0.05 in the animals of T1 treated group(2.73+0.21)mg/dL in
comparison with its level in the animals of both T2 treated group(0.66+0.17)mg/dL and
the control one(0.74+0.15)mg/dL (table,7) , but there is a significant decrease p<0.05 in
the level of indirect serum bilirubin of both T1 treated group animals(0.35+0.10)mg/dL
and T2 treated group animals(0.33+£0.14)mg/dl in comparison with control
group(2.90+0.64)mg/dL (table,7).

The histopathological lesion in liver rats received therapeutic dose 1mg/kg.BW for
one week revealed large amount of suppurative exudates contains large number of
neutrophils in the pre-hepatic area (figure 1).There are severe dilation and congestion of
central veins and sinusoids with activation of kupffer cells were also had seen (figure
2).Furthermore there is focal infiltration of mononuclear cells in the liver parenchyma
with vacuolation of hepatocytes (figure 3). The liver of rats treated with one 1mg/kg.BW
oseltamivir for six weeks revealed multiple areas of focal necrosis characterized by
pyknosis or disappearance of nuclei of hepatic cells (figure 4).There is fibrous
thickening of Glisson capsule with vacuolar degeneration of hepatic parenchyma(figure
5).In addition there is a slight fibrous thickening in the wall of central vein.
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The barbiturate induce sleeping time is the one of the tests performed to evaluate
liver toxicity. The sleep latency and the elapsing between the loss and voluntary
recovery changes impose as measurement of liver toxicity. The increasing of the onset
and decreasing of the duration of sleeping time in the animals ,that had dosed
1mg/kg.BW oseltamivir for six weeks may indicate liver injury ,which is confirmed by
histopathological lesion of liver (necrosis, fibrous thickening of Glisson capsule,
vacuolar degeneration of hepatic parenchyma .The liver is richest source of drug
metabolism (22 ).Carboxylesterases are a class of enzyme that play important roles in
the hydrolytic metabolism of drugs and other xenobiotics , patient with liver condition
such as cirrhosis shows decreased capacity of hydrolytic biotransformation( 23 ). It can
say that the oseltamivir dosed for six weeks interfere with liver biotransformation of
thiopental sodium and led to increase the onset and decrease the duration of sleeping
time, and may through enhancing the hydrolysis pathway. The liver performs different
kinds of biochemical, synthetic and excretion function, so the biochemical indices that
had performed are useful parameters to indicate impairment of functional capability of
the liver. There is no single test for measuring liver function, because all the functions of
the liver are not equally or simultaneously affected in hepatobilliary disorder (24).

Aminotransferases (ALT, AST) and alkaline phosphatase tests are helpful screening
tool to detect injury of hepatocyte. The significant increase serum activity of ALT,
AST and ALP in the rats dosed 1mg/kg.BW oseltamivir for six weeks ,may be due to
sever hepatic injury( necrosis , vacuolar degeneration).While the significant increase of
ALT serum activity in the rats that dosed 1 mg/kg.BW for one week is may be due to
mild liver injury( inflammation ,vacoulation).The elevation of AST and ALT serum
activity is moderate and not severe ,because the elevation range (3-20) times considered
as moderate in acute and chronic hepatitis ,autoimmune hepatitis and drug induced
hepatitis(25).The decline in serum activity of ALT and AST of rats that dosed
1mg/kg.BW oseltamivir for one week, may indicate recovery of poor prognosis in
fulminant hepatic failure(26and27 ).

Alkalinephosphatase is found histochemically in the microvlli of bile canaliculi and
sinusoidal surface of hepatocytes (27). So the significant increase in ALP activity of rats
dosed 1mg/kg. BW of oseltamivir for one and six week is due to the suppuration which
is found in the livers. Rosalk and Mcintyre (27) found that elevation of ALP activity
may be seen in infiltrative liver disease, abscesses, granulomatous liver disease and
hepatitis .Oseltamivir has been associated with hepatitis and abnormal liver function
testes(28). Wael and Mohamed (29) found that oseltamivir dosed with 2.2mg/kg.BW to
rats for five days, caused acute liver toxicity, modest reduction in hepatic activity in both
genders, but with elevation ALP activity.

The liver is consider the site of glycolysis and glucogenesis, so the estimation of
blood sugar may be one of the helpful tool for detection liver injury .The significant
decrease in random blood sugar in the rats dosed 1mg/kg.BW oseltamivir for six weeks
maybe an indicator of the liver damage, which may resulted from the repeated exposure
to oseltamivir, in comparison with the rats exposed to oseltamivir for one week and rats
of control group, which were have no blood sugar changes. Recent studies have shown
that hypoglycemia is associated with many acute illnesses (30). The liver illness induced
by oseltamivir is clearly appear in histopathological finding of rats treated for six weeks
which represented by necrosis and vacuolar degeneration. About 80% of body
cholesterol is produced by the liver, while the rest comes from food , after meal dietary
cholesterol absorbed from the intestine and stored in the liver. The liver is able to
regulate cholesterol activity in blood stream and can secrete cholesterol if it is needed by
the body(31).Cholesterol is excreted by the liver via bile into digestive tract (32 ) .So the
significant increase in the cholesterol and VLDL of rats dosed 1mg/kg.BW oseltamivir
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is due to hepatotoxic effect of oseltamivir and/or its metabolite ,which represented by
necrosis ,fibrosis and vacuolation. The increases in LDL-cholesterol also found in male
rats which were administered 2.2mg/kg.BW oseltamivir for five days (29). We are
assume that the significant increase of triacyglycerol, VLDL and decrease of HDL
level may be due to shortage in lipoprotein lipase (LPL) production (enzyme that
hydrolyzes triglycerides and conversion of VLDL to IDL then to LDL) , While the site
of the LPL synthesis in the parenchymal cell(hepatocyte) (33).The shortage of LPL
production is due to pathological effect of repeated therapeutic dose of oseltamivir for
six weeks on liver .The important signs of liver dysfunction are elevated LDL ,reduced
HDL and elevated triacylglycerol.

The serum protein test is one of the tests of the liver biosynthesis capacity (25).
Chemotherapy drugs can be damage the liver as side effect, and it is one of the liver
dysfunction causes. The liver dysfunction is one of important causes of total serum
protein increasing. This concept is confirmed by the significant increase in serum
protein level of the rats that had dosed 1mg/kg.BW of oseltamivir for six weeks.
Albumin is the major protein in serum, Albumin synthesis is affected not only in liver
disease , but also by nutritional status , hormonal balance and osmotic pressure(27).We
are suggest that oseltamivir dosed to the rats as phosphate salt for six weeks ,may led
to change the osmotic pressure due to high phosphate supplement with the drug, and
resulted increase serum protein level. Where rats could not hydrolyze the oseltamivir
phosphate to its metabolite (oseltamivir carboxylase) that will lead to accumulate
extensive amount of phosphate this would negatively affect the calcium /phosphate ratio
(34).

The bilirubin in the body is a careful balance between production and removal of the
pigment in body, serum bilirubin is a test of the liver capacity to transport organic anions
and metabolize drugs (25). Serum bilirubin could be lowered by drugs like salicylates,
sulphonamides and free fatty acids which displace bilirubin from its attachment to
plasma albumin (35). Parenchymal liver diseases or incomplete extra hepatic obstruction
due to biliary canaliculi give lower serum bilirubin value (36).The decrease in total
serum bilirubin  level of the rats treated orally for six weeks with 1mg/kg.BW
oseltamivir is may be due to the necrosis of hepatocytes and vacuolar degeneration of
hepatic parenchyma which had observed in their’s livers.

Oseltamivir induced liver injury in the rat treated with therapeutic dose for seven
consecutive days and six weeks through infiltration of mononuclear cells and
neutrophils in parenchyma , congestion of central vein ,which are considered as
indicators of drug induced liver injury by larrey(37) who found ,the drug induced liver
injury can affect both parenchymal and nonparenchymal cells of liver , including acute
and chronic hepatitis, fibrosis, cirrhosis, cholestasis, steatosis, as well as sinusoid and
hepatic artery /vein damage.

Direct hepatotoxicity is often caused by the direct action of a drug or more often
reactive metabolite of drug against hepatocytes, Acute hepatitis is defined as marked
increase in aminotraserferases coinciding with hepatocellular necrosis (38), these
findings is compatible with histopathological changes that found in the rats of both
treated groups which represented necrosis, Pyknosis and disappearance of hepatocyte
nuclei, and confirmed with increases of the aminotraseferases serum activity .
Hepatocyte stress and or/damage could result in the release of signals that stimulate
activation of other cells , particularly that of innate immune system including kupffer
cells (KC),natural killer (NK)cells, These cells contribute to the progression of liver
injury by producing proinflammatory cytokines , such as tumor necrosis factor (TNF)-a,
interferon (IFN)-y and interleukin(IL) IB produced during DILI are involved in
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promoting tissue damage (39,40,41 ). We are also found there was activation of kupffer
cells especially in the liver of rats treated with 1mg/kg.BW oseltamivir for six weeks.

We suppose that the inflammatory reaction( neutrophils and mononuclear cells
infiltration, suppurative exudates) in the liver caused by oseltamiver dosed to the rats
has an important role of its hepatotoxic effect, science Michael (38) found the damaged
hepatocytes triggers the activation of the other cells ,which can initiate an inflammatory
reaction and /or adaptive immune response .These secondary events may overwhelm the
capacity of the liver for adaptive repair and regeneration , there by contributing to the
pathogenesis of liver injury. The toxicities of oseltamivir phosphate to the rat liver were
mild and considered of slightly increase in liver weigh,and plasma activity of glucose
.chlestrol,total blood protein(34).These findings is not in agreement with present results
of significant increase in cholesterol, blood glucose and total serum protein .

Table (1):-Barbiturate (Thiopental sodium) sleeping time /minute in rats dosed
therapeutic dose 1mg/kg.BW of Oseltamivir for different experimental periods.

Group Onset Duration
Pretreatment Post-treatment Pretreatment Post-treatment
With oseltamivir With oseltamivir
M+SE M=SE M+SE M=SE
T1 5.50 +£0.92 3.33+0.55 47.50+3.81 48.33+6.01
N=6 A a A a A a Aa
T2 4.83+0.98 33.33+11.15 56.3348.02 23.66+5.42
N=6 Aa B b A a B b
C 6.60+2.33 6.66+2.15 55.83+8.50 55.60+8.20
N=6 Aa Aa A a Aa

-T1=therapeutic dose 1mg/kg.BWof oseltamivir for one week.

-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks.C= dosed distilled water.

N=number of rats.

-The different capital letters mean the difference is significant between groups at activity P< 0.05.

- The differentsmall letters mean the difference is significant within group groups at activity P<
0.05.

Table (2):- The serum activity of liver enzymes (ALT , AST ,ALP) U/L in rats
dosed orally therapeutic dose 1mg/kg.BW of oseltamivir for different experimental

periods.

Group ALT U/L AST U/L ALP U/L
M + SE M + SE M + SE
T1 9.16+0.70A 7.83+ 0.40A 120.50+ 32.18 A
N=6
T2 50.00+1.89B 113.33+3.80B 78.16+12.18B
N=6
C 18.8+1.35C 10.60£1.77A 2.73 +34.40C
N=6

- T1=therapeutic dose 1mg/kg.BWof oseltamivir for one week.

-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks.

-C= control dosed distilled water.

N=number of rats

-The capital letters mean the difference is significant between groups at activity P< 0.05.
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Table(3):- Random blood sugar mg/dL of rats dosed orally therapeutic dose

1mg/kg.BW of oseltamivir for different experimental periods .

Group Blood glucose mg/dL
M + SE

T1 139.00 + 18.06
A

N=6

T2 98.50 + 694

N=6 B

C 132.40 + 6.82

N=6 A

- T1=therapeutic dose 1mg/kg.BW of oseltamivir for one week.
-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks.
-C= control dosed distilled water.

N= number of rats

-The capital letters mean the difference is significant between groups at activity P< 0.05.

Table(4):-The serum cholesterol mg/dL and triacylglycerol
orally therapeutic dose 1mg/kg.BW of oseltamivir for different experimental

mg/dL of rats dosed

periods.
Grou Cholestrol(mg/ Triacylglycerol
p dL) mg/dL
M  + SE M + SE
T1 93.16 + 245 56.50 + 10.23
N=6 A A
T2 125.50 £+ 10.42 320.66 + 11.36
N=6 B B
C 91.18 + 6.28 30.84 + 3.75
N=6 A C

- T1l=therapeutic dose 1mg/kg.BW of oseltamivir for one week.
-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks
. -C= control dosed distilled water.

N=number of rats.

-The capital letters mean the difference is significant between groups at activity P< 0.05.

Table(5):- The serum HDL (mg/dL) , LDL (mg/dL) and VLDL (mg/dL) of rats dosed

orally therapeutic dose 1mg/kg.BW of oseltamivir for different experimental periods.

Group HDL mg/dL LDL mg/dL VLDL mg/dL
M +SE M +SE M +SE

T1 27.00£2.86 64.90+6.97 5.43+0.55

N=6 A A A

T2 45.50+ 7.20 30.66+13.04 63.66+ 0.61

N=6 B B B

C 40.50+2.68 73.64+4.93 6.14+0.75

N=6 B A A

- T1l=therapeutic dose 1mg/kg.BW of oseltamivir for one week.
-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks. .
-C= control dosed distilled water.

N=number of rats.

-The capital letters mean the difference is significant between groups at activity P< 0.05.
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Table (6):- The total serum protein (mg/dL) of rats dosed orally therapeutic
dose 1mg/kg.BW of oseltamivir for different experimental periods.

Group Serum protein mg/dL
M + SE
T1 278.66 =+ 9.10
N=6 A
T2 620.00 = 18.38
N=6 B
C 32740 = 4029
N=6 A

- T1=therapeutic dose 1mg/kg.BW of oseltamivir for one week.

-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks.

-C= control dosed distilled water.

N=number of rats.

-The capital letters mean the difference is significant between groups at activity P< 0.05.

Table (7):- The total serum bilirubin (TSB mg/dL), direct serum bilirubin
mg/dL and indirect serum bilirubin mg/dL of rats dosed orally therapeutic dose
1mg/kg.BW of oseltamivir for different experimental periods .

Group T.S.B(mg/dL) Direct  serum Indirect serum
bilirubin(mg/dL) bilirubin(mg/dL)
M + SE M + SE M + SE
T1 3.08 £0.32 2.73 £0.21 0.35 £0.10
N=6 A A A
T2 1.15+0.17 0.66 +0.17 0.33+0.14
N=6 B B A
S 3.68 £ 0.66 0.74 £0.15 2.90 £ 0.64
N=6 A B B

- T1=therapeutic dose 1mg/kg.BW of oseltamivir for one week.

-T2=therapeutic dose 1mg/kg.BW of oseltamivir for six weeks.

-C= control dosed distilled water.

N=number of rats.

-The capital letters mean the difference is significant between groups at activity P< 0.05.

F igure(l)?:l.iver of the rat treated with lmg/kgBW of
oseltamivir for one week shows deposition of suppurative
exudates contain large numbers of neutrophils in the
pre-hepatic area (1) (H&E 400X).
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of oseltamivir for one week shows severe dilation and  of oseltamivir for one week shows focal infiltration
congestion of central vein ( a ), and sinusoid( » )with  of mononuclear cells in the hepatic parenchyma (1)
activation of kupffer cells ( ¢ ) (H&E 400X). with vacuolation of hepatocytes (b) (H&E 400).

Figure(4):- Liver of rat treated with 1mg/kg.BW  Figure(5):- Liver of rat treated with Img/kg.
of oseltamivir for six weeks shows focal necrosis  BW of oseltamivir for six weeks shows fibrous
characterized by pyknosis or disappearance of  thickening of the Glisson capsule (1) with vacuolar

nuclei of hepatic cells (1) (H&E 400X) 400X). degeneration of hepatic parenchyma (b) (H&E400X).
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