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ABSTRACT

This study was carried out on forty female Spargue-Dawley rats. Animals were di-
vided into _four equal groups (ten rats each). The first group (CA) was considered a con-
trol adult female rat two months age and was feed on basal ration without feed addi-
tives. The other three groups were considered aged animals (one year old). The second
group was considered a control aged group (CAG) feed on basal ration without feed ad-
ditives. The third group (LA) was feed on basal ration supplemented with L-arginine
(1.68%) and the fourth group (LC) was feed on basal ration supplemented with L-
carnitine (0.5 mg%) for four weeks. After the end of the experiment, blood samples were
collected from all the animals under experimental period (four weeks) for analysis of:
estradiol, lipid profile and malondialdehyde, antioxidant enzymatic activities (SOD and
catalase) and reduced glutathione (GSH). Tissue samples (ovary, kidney and liver)
were also collected at the end of experiment for histopathological examination.

The present study revealed that, there were a significant decrease in SOD and cata-
lase activities and reduced glutathione level in erythrocytes of aged rats. There was a
significant decrease in serum HDL and estradiol. On other hand, there was a signifi-
cant increase in the level of serum MDA, total lipid, triacyglycerol and LDL. More ever
there was a non significant difference in serum total cholesterol level.

The oral administration of basal ration supplemented with L-arginine for aged rats
decreased significantly the level of serum MDA, total cholesterol, triacylglycerol and
LDL cholesterol. There was a significant increase in SOD catalase activities and glu-
tathione level in blood as well as serum estradiol level. Meanwhile, there was a non
significant change in total lipid and HDL cholesterol in comparison with control aged
rats. The effect of basal ration supplemented with L-carnitine was manifested by in-
creasing in SOD catalase activities and reduced glutathione level. There were also sig-
nificant decreases in serum total lipid, total cholesterol, triacylglycerol, LDL cholesterol,
and estradiol levels. A non significant difference in MDA & HDL cholesterol level in ser-
um of this compared with aged group of rats. This study demonstrated that feeding of
aged animals on basal ration supplemented with L-arginine and L-carnitine will
change the undesirable effect of aging. Like reduction in free radicals, increase antioxi-
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dants and enhancement of fertility. It was also evident from this study that, the use of

L- arginine feed additive is more preferable than L- carnitine.

INTRODUCTION

Aging can be defined as a multi-factorial
phenomenon characterized by a time-
dependent decline in physiological functions.
This physiological decline is believed to be as-
sociated with an accumulation of defects in
the metabolic pathways. RNA, proteins and
other cellular macromolecules are rapidly
turned over and, consequently, are poor can-
didates for progressively accumulating dam-
age over a lifetime. Therefore even early stud-
ies on mechanisms of aging focused on DNA.
In mammalian cells, mitochondria and the
nucleus are the only organelles that possess
DNA. It appears obvious that the physiological
integrity of the cell must critically depend
upon the integrity of its genome, which is
maintained by DNA repair machinery (Mi-
khalil et al., 2004).

Benign functions of reactive oxygen species
(ROS) have been reported, including the acti-
vation of nuclear transcription factors, gene
expression, and a defense mechanism to tar-
get tumor cells and microbial infections (Si-
mon et al.,, 2000). Superoxide anion may
serve as a cell growth regulator (Halliwell,
1997). Singlet oxygen can attack various
pathogens and induce physiological inflam-
matory response (Stief, 2003). On the other
hand, it can cause oxidative damage to vari-
ous biologic macromolecules such as pro-
teins, DNA, lipids, and extracellular matrix
(Balazy, 2000).

GSH levels were significantly lowered in
aged rats than young rats. Conversely, GSSG
levels were significantly high in aged rats.
GSH/GSSG molar ratio and redox index were
found decreased in aged rats. The activities of
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GPx, GR, and G6PDH were found to be de-
creased in aged rats when compared with
young rats (Kumaran, et al., 2004), Aging is
associated with elevated muscle triglyceride
content (Michelle and Lorraine, 2003). Lipo-
protein analysis revealed that triacylglycerol
level in very-low density lipoprotein (VLDL),
and cholesterol levels in low density lipopro-
tein (LDL), and in high density lipoprotein
(HDL) were all significantly higher in aged rats
than in young rat (Yasukazu et al., 2004),
there is non-significant decrease in catalase
activity in aged rats (El-Sayed et al., 2005).
Aging affects oxidative metabolism in liver and
other tissues (Heidrun et al., 2002). L-
Carnitine is a vitamin-like substance (Paul
and Andrea, 2000), L-Carnitine is a vitamin-
like nutrient essential for energy production
and lipid metabolism in many organs and tis-
sues such as skeletal muscle and heart (Jean
et al., 2003).

L-arginine was shown to restore endothe-
lial function in hypercholesterolemic rabbits
by increasing NO production and protecting
NO from inactivation by superoxide anions
(02.-) (Boger et al., 1995).

Reproductive aging in female mammals is
characterized by alterations in the levels and
release pattern of the sex steroid hormone, es-
trogen. In women, estrogen concentrations
undergo a precipitous decline at menopause,
and the risks and benefits of estrogen replace-
ment therapy on the reproductive tract, bone,
cardiovascular system, and brain are quite
controversial (Tandra et al., 2003). Testoste-
rone level in serum of aged rats showed a sig-
nificant decrease when compared with adult
control level (El-Sayed et al., 2005).
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MATERIALS AND METHODS
Forty healthy female Spargue-Dawley
rats were used in this study; ten young rats
two months age and their average weights
120-140 gm and thirty
aged rats at one year old, their average
weights ranged between 290-300 gm, the

animals were obtained from animal house

ranged between

at Tanta- Egypt. Rats were kept in metabolic
cages (four rats per cage) in a controlled envi-
ronment and maintained under a 12 hours
light: dark cycle, air conditioned at 24 + 2°c
and 50-70% humidity. Throughout the
study, rats were provided with basal diet and
water ad-libitum and kept in the animal
house at Faculty of Veterinary Medicine-
Mansoura University. Animals were divided
into four equal groups each of ten rats.
The first group (CA) was considered a con-
trol adult female rat, two months age
and kept on basal ration without feed
additives. The other animals were considered
aged rats (one year old) and divided into
three equal groups ten aged rats each as
follows: Control aged rats (CAG) group and
fed on the same ration without feed supple-
ments. L-arginine group (LA) was kept on the
same ration supplemented with L-arginine
(1.68%) and L-carnitine group (LC) was feed
on the same ration supplemented with L-
carnitine (0.5 mg %) for four weeks. At the
end of the experimental period (four weeks),
blood (serum & whole blood) samples were
collected from rats under experiment for the
biochemical analysis of: serum estradiol, lipid
profile and malondialdehyde. Enzymatic (SOD
and catalase) and non-enzymatic (GSH) anti-
oxidant enzyme activities in the whole blood
and tissue malondialdehyde content was de-
termined. Tissue samples (ovary, kidney and
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liver) were collected for histopathological ex-
amination.

One blood sample from each animal was
collected after decapitation of animals at the
end of experiment and divided into two por-
tions. The first one was collected in hepari-
nized tube for determination of superoxide
dismutase activity (SOD) (Winterbourn et al.,
1975), catalse activity (Cohen et al., 1970)
and reduced glutathione level (Ellmans's,
1959 and Beutler et al,. 1963) The second
blood portion was collected in sterile vial and
fit at room temperature for 30 minutes then
centrifuged at 3000 r.p.m. for collection of
clear serum sample used for the biochemical
analysis of serum malondialdehyde (MDA)
(Draper and Hadley 1990)., serum triacylgly-
cerol (Buccolo and David, 1973), serum total
cholesterol (Meiattini et al., 1978), serum
HDL-cholesterol (Friedewald et al., 1972),
serum LDL-cholesterol (Friedewald et al.,
1972), serum total lipid (Kaplan, 1984) and
serum estradiol assay using Eliza technique
(Ratcliff, 1988).

Tissue specimens also were collected from
liver, ovary and kidney and fixed in 10% neu-
tral buffered formalin. Paraffin sections of 5u
thickness were prepared and stained with
hematoxalin and eosin and examined micro-
scopically according to Wood and Ellis,
1994. Statistical analysis is carried out by
SPSS program (Senedecor and Cochran
1989).

RESULTS & DISCUSSION
Aging is usually associated with increasing
level of oxidation (Rikans and Hornbrook,
1997 & Johnson et al., 1999). An imbalance
between the formation and removal of reactive
oxygen species (ROS) and the development of
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OS plays an important role in aging and age-
associated diseases (Palomero et al., 2001)
ROS alters proteins, carbohydrates, and lip-
ids, and inactivates enzymes and transport-
ers, damages DNA and the transcriptional
machinery, and initiates the chain reactions
that peroxidize polyunsaturated fatty acids in
membrane phospholipids (Friedman, 2000).
Determination of malondialdehyde by thiobar-
bituric acid is used as an index of the extent
of lipid peroxidation (Andallu & Varadachar-
yulu, 2003). MDA content in serum of normal
control aged rats (1.019+0.108 umol/L) is sig-
nificantly higher (P<0.05) than that of normal
adult control animals (0.426+0.004 umol/L)
as shown in tables (1). Traverso et al.,
(2003) recorded that the plasma malondialde-
hyde (MDA), evaluated by means of the thio-
barbituric acid test, and was significantly
higher in the old age, confirming the presence
of increased lipoperoxidation in old age. This
result was supported by histopathological ex-
amination (Fig.1). This increase in MDA con-
tent might be due to an increase in oxygen
free radicals that could be due to either in-
creased production or decreased its destruc-
tion. Increased lipid peroxidation causes in-
creased production of reactive oxygen species
(ROS) due to autoxidation of monosaccharide
which lead to the production of superoxide
and hydroxyl radicals.

The mean values of MDA content in
serum of LA treated rats are significantly
lower than that of control aged rats. This
result was in agreement with Vanita et al.,
(2005) and Lubec et al., (1997). L-arginine
has ability to ameliorate the oxidative stress
and metabolic changes through reduction of
malondialdehyde level in serum (El-Missiry
et al.,, 2004). This result was supported by
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histopathological examination (Fig. 7, 11
and15b).

Serum of L-carnitine supplemented rats
exhibited MDA level not significantly differed
(P>0.05) from that of normal control aged ani-
mals. This result was supported by histopath-
ological examination (Figures 9-16). The previ-
ous finding were disagree with the results of
Citil, et al., (2005) who found that L-
carnitine may improve tissues bioenergetics
and lower the increased oxidative stress asso-
ciated with aging. They added that in all brain
regions except the hypothalamus, lipid peroxi-
dation was higher for old rats than for young.
Also they added that administration of L-
carnitine reversed the age-associated changes
in a duration-dependent manner.

Superoxide dismutase is the first line of de-
fense against oxygen toxicity. It catalyzes the
dismutation of superoxide anion producing
hydrogen peroxide (Norman and Kreinsky,
1992). The mean value of whole blood SOD
activity in untreated aged rats of one year old
(78.10+£0.21ugm/ml) was significantly lowered
(P<0.05) than that of normal control adult
rats of one month old (109.42+1.74ugm/ml).
This result was in agreement with that report-
ed by El-Sayed et al., (2005) in male rats
and El-Missiry et al., (2004).The decrease in
SOD activity in aged rats could be attributed
to the increased level of superoxide anion rad-
icals and erythrocytes act as a sink for free
radicals since both superoxide radicals and
hydrogen peroxide have the ability to pene-
trate cell membranes. Consequently, erythroc-
ytes are subjected to continuous flux of O2
and H202 arising from hemoglobin oxidation
(Arai et al., 1989). The mean value of whole
blood SOD activity in the L-arginine group
rats (94.705+0.356 ugm/ml) was significantly
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increased (P>0.05) than that of normal aged
control animals (78.103+0.207 ugm/ml) table
(1). This result is supported by that of Vanita
et al., (2005) and Marra et al., (2007) who
found that superoxide dismutase activities
increased under L-arginine treatment. SOD
activity in the L-carnitine treated group of
rats_ (90.784+1.404ugm/ml) was significant-
ly increased (P>0.05) than that of normal aged
control rats fed normal diet (78.103+0.207
ugm/ml) and significantly decreased (P<0.05)
than that of normal control adult animals
(109.427+1.742 ugm/ml. This result was sup-
ported by the finding of El-Sayed et al.,
(2005), and Mansour (2006). A decrease in
the activities of the enzymes SOD and cat-
alase can result in formation of O2. and
H202, which in turn can form the hydroxyl
radical (OH-) which can participate in a num-
ber of toxic reactions (Kumari and Menon,
1988).

Catalase activity in adult control rats
(0.24+0.0191 umg/ml) was significantly in-
creased (P>0.05) than that of normal control
aged rats fed the same diet (0.129+0.006
umg/ml). This result was confirmed by that
obtained by El-Sayed et al., (2005) and Sem-
sei et al., (1991). This may be due to in-
creased free radical damage in the body (Alp-
er et al., 1998). Supplementing the aged rats
group with L-arginine, significantly the activi-
ty of catalase than that of normal aged control
rats fed control ration (0.129+0.006 umg/ml).
This result was in agreement with that record-
ed by Vanita et al.,, 2005 and Marra et al
(2007) who found that, catalase activity was
increased under L-arginine treatment. L-
arginine administration increases nitric oxide
(NO) production.

Catalse activity in the L-carnitine supple-
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mented group of rats (0.192+0.008 umg/ml)
was significantly increased (P>0.05) than that
normal aged control rats (0.129+0.006 umg/
ml) and significantly decreased (P<0.05) than
that of normal adult control animals
(0.24+0.0191 ugm/ml) table (1). These results
are nearly similar to the results of Rani &
Panneerselvam, (2002).

GSH content in blood of aged control rats
(4.317+0.279mg/100ml) was significantly de-
creased (P<0.05) than that of normal control
adult animals (8+0.166mg/100ml) table (1).
This decrement may be due to decrease its
formation which requires NADPH+H+ and glu-
tathione reductase (Garg et al., 1996). The
reduced availability of NADPH+H+ could be
due to reduced synthesis in HMP shunt re-
sulted in a decrease in the activity of glucose-
6-phosphate dehydrogenase as this enzyme
plays a very important role to maintain high
ratio of NADPH+H+/NAPDP+ in the cell and
plays a crucial role in regeneration of GSH
from GSSG (Jain, 1998).

The whole blood GSH content in L-arginine
treated rats (6.631+0.230 mg/100ml) was sig-
nificantly increased (P>0.05) than that of nor-
mal control aged animals (4.317+0.279mg/
100ml) table (1). Wan-teng et al., (2005)
found that L-Arginine supplementation may
decrease free radicals and tubular membrane
injury in nephrocalcinosis due to infiltrating
leukocytes and decreased antioxidant enzyme
activities in rats (Ozturk et al., 20086).

GSH content in L-carnitine treated rats
(56.333+0.184mg/100ml) was significantly in-
creased (P<0.05) than that of normal control
aged animals (4.317+0.279mg/100ml) but
still significantly lower (P<0.05) than that of
normal control adult animals (8+0.166 mg/
100ml) as shown in table (1). Citil et al.,
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(2005), and Arsenian (1997), observed that a
dministration of L-carnitine increased the lev-
el of GSH, where L-carnitine was found to
produce complete protection against nephro-
toxicity and pulmonary toxicity by increasing
the antioxidant defense mechanism.

Serum total lipids in untreated aged rats
(2159.996+238.67 mg/dl) was significantly in-
creased (P>0.05) than that of normal adult
control rats (1484.404+105.160 mg/dl). Ser-
um triacylglycerol in untreated control aged
rats was significantly different than that of
normal control animals (298.675+4.8316 mg/
dl) table (6) & graph (6). The mean value of
serum total cholesterol in untreated aged rats
(151.98948.751 mg/dL) was none significant-
ly increased (P<0.05) than that of normal con-
trol adult rats (144.988+6.378 mg/dL).

Regarding the mean value of serum lipop-
roteins, HDL cholestrol level in the control
aged rats (14.224+0.738mg/dL) was signifi-
cantly decreased (P<0.05) than that of nor-
mal control adult rats (19.513+0.919 mg/dL).
The serum LDL cholestrol in untreated aged
rats (565.63+0.533mg/dL) was significantly in-
creased (P>0.05) than that of normal adult
control animals (45.395+0.377 mg/dL) table
(9) & graph (9). These results were in agree-
ment with that reported by Kumaran et al.,
(2004) and Borum, (1991) who stated that,
the age-related changes in lipid composition
are thought to account not only for the age-
related accumulation of body fat, which is a
risk factor for diabetes and atherosclerotic
diseases, but also for age-related cellular hy-
pofunction. Furthermore, Michelle and Lor-
raine, (2002) found that , aging was associat-
ed with higher triglycerides levels in muscles
from old animals demonstrates a decreased
ability to oxidize fatty acid that could in part
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explain the accumulation of muscle TG over
time.

Concerning L-arginine treated rats, the ob-
tained result revealed that the mean value of
serum total lipid in L-arginine treated rats
(1852.859+162.84 mg /dl) was non signifi-
cantly (P<0.05) differed than that of normal
adult control aged animals (2159.996+238.67
mg/dl). The mean value of serum triacylgly-
cerol was 458.105+91.441mg/dL, and signifi-
cantly decreased (P<0.05) than that of normal
control aged animals (710.309+112.97mg/
dL). The mean value of serum total cho-
lesterol in L-arginine supplemented rats
(103.004+6.337 mg /dl) is significantly de-
creased (P<0.05) than that of normal control
aged rats (151.989+8.751mg mg/dl).

The mean value of serum HDL cholesterol
in L-arginine treated group of rats
(15.669+1.864 mg/dL) was none significantly
(P<0.05) differed than that of normal control
aged rats (14.224+0.738mg/dL). The mean
value of serum LDL cholesterol in L-arginine
treated rats (13.718+0.292mg/dL) was signifi-
cantly decreased (P<0.05) than that of normal
untreated aged rats (55.63+0.533 mg/dl). Yin
et al., (2005), stated that oral L-arginine sup-
plement improved endothelial function and
reduced LDL level. On the opposite side, these
results were disagreed with that of Mendez
and Balderas, (2001) who observed that L-
arginine tends to increase HDL.

Siani et al., (2000) recorded that dietary
L-arginine supplementation has been pro-
posed to reverse endothelial dysfunction in
such diverse pathophysiologic conditions as
hypercholesterolemia, coronary heart disease,
and some forms of animal hypertension.

Hagen et al., (1998), concluded that, the
dietary L-carnitine restored the function of liv-
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er mitochondria in old rats. Treatment of aged
rats with acetyl-L-carnitine (ALCAR) reversed
age-associated increases in the levels of free
and esterified cholesterol in plasma (Ruggiero
and Ruggiero., 1992), and restored age-
associated decreases in cardiolipin levels in
heart mitochondria (Paradies et al., 1990).
Kumari and Menon, (1988) found that The
decreased levels of free fatty acids in serum in
animals pretreated with carnitine may be due
to decreased lipolysis, increased uptake by
mitochondria, or both.

The reproductive aging process is thought
to be dictated by a gradual decrease in both
the quantity and the quality of the oocytes
held within the follicles present in the ovarian
cortex (Velde and Pearson 2002). In the cur-
rent study, the mean value of serum estradiol
level of normal control aged rats (12.511+
0.341 pg/ml) was significantly decreased
(P<0.05) than that of normal adult control an-
imals (49.851+3.042 pg/ml). This result was
supported by histopathological examination.
This result was configared by Greenblatt et
al., 1976 who stated that, estradiol levels
showed no significant change in the aged
male, but they were somewhat higher than in
the aged female.

Serum estradiol level in L-arginine supple-
mented rats (37.942+1.853 pg/ml) was signif-
icantly higher (P>0.05) than that of normal
aged control animals (12.511+0.341 pg/ml)
table. This result was supported by histopath-
ological examination (Fig. 7). Battaglia et al.,
(1999) studied the role of L-arginine in im-
proving uterine and follicular doppler flow
and in improving ovarian response to gona-
dotrophin in poor responder women and they
concluded that oral L-arginine supplementa-
tion in poor responder patients may improve
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ovarian response, endometrial receptivity and
pregnancy rate.

Serum estradiol level in L- carnitine sup-
plemented rats (36.3051+2.675 pg/ml) was sig-
nificantly increased (P>0.05) than that of nor-
mal aged control animals (12.51+0.34 pg/ml).
This result was supported by histopathologi-
cal examination (Fig. 8). Decreased follicle
number increases FSH levels only in young
rats, indicating aging-related alterations in
the feedback regulation of FSH (Anzalone et
al., 2001). The progressive cessation of regu-
lar ovulatory function in aging female rats is
preceded by a significant decrease in the mag-
nitude of the proestrous LH surge during reg-
ular estrous cycles (Lu et al., 1985).

Aging is usually associated with increasing
level of oxidation (Rikans and Hornbrook,
1997 & Johnson et al., 1999) An imbalance
between the formation and removal of reactive
oxygen species (ROS) and the development of
OS plays an important role in aging and age-
associated diseases (Palomero et al., 2001)
ROS alters proteins, carbohydrates, and lip-
ids, and inactivates enzymes and transport-
ers, damages DNA and the transcriptional
machinery, and initiates the chain reactions
that peroxidize polyunsaturated fatty acids in
membrane phospholipids (Friedman, 2000).

The liver of aged rats showed an increase
in number of cepoptotic cells and degenera-
tion and dilated hepatic sinusoids (Fig. 14).
The liver of rats received L-arginine showed
an increase in the number of regenerated he-
patic cell represented by diplocytes and in-
creased mitotic activity (Fig. 15). The liver of
rats received L-carnitine showed nearly the
same results as that received L-arginine (Fig.
16). This result was confirmed by Parola and
Robino (2001) and Poli, (2000) who ob-
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served that the normal liver is a well equipped
organ in terms of either enzymatic or non-
enzymatic antioxidants. At molecular level,
growth factors, cytokines and chemokines,
changes in extracellular matrix (ECM) organi-
zation and composition as well as reactive
molecules induced by OS, play a pathogenetic
role. OS-related molecules may act as media-
tors to modulate tissue and cellular events re-

44

sponsible for the progression of liver.

L-arginine might decrease the oxidative
stress in the liver and brain (El-Missiry et
al., 2004). These results were supported by
the histopathological findings which revealed
the absence of hepatic lesions in the liver of
rats (LA) and (LC) groups. On the other hand,
severe vacuolation and peripheral fibrosis
were detected in aged rats (CAG).

Table (1): Effect of L-arginine and L-carnitine supplementation on some
biochemical parameters in whole blood and serum of female rats

(Means +SE).
Parameters CA group CAG group LA group LC group
MDA (umol/L) 0.43+0.004° 1.02+0.108 0.69+0.02° 0.948+0.05"
SOD p (ngm/ml) 109.43+1.742% 78.103+0.21° 94.71+0.356° 90.78+1.404¢

Catalase (ngm/ml) 0.24+0.012° 0.13+0.006 0.186+0.006% 0.192+0.01°
GSH (mg/dl) 8.0£0.17* 4.3240.28" 6.631+0.23° 5.33+0.18¢
Total lipids (mg/dl) 1484.40+105.16° 2159.996+238.67" 1852.86+162.84%° 1177.66+£97.794*
Triacylglycerol 298.68+4.83% 710.31+£112.97° 458.11491.44* ¢ 439.05+83.49*
(mg/dl)

otal cholesterol 144.99+6.38% 151.9948.75%® 103.004+6.34° 109.5144.69%
(mg/dl)

HDL- cholesterol 19.513+0.92° 14.22+0.74%4 15.67+1.86> 15.37+0.67°

(mg/dl)

LDL- cholesterol
(mg/dl)

45.395+0.377"°

55.63+0.533"

13.718+0.292°

27.651+0.398¢

Estradiol (pg/ml)

49.851+3.042°

12.511+0.341°

37.942+1.853°

36.305+2.675¢

Means with the same letter in each row are not significantly differed (P>0.05).

Means with different letters in each row are significantly differed (P<0.05).

SEM = Standard error of the mean.
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Fig. (5): The ovary shows mature graffian follicle at various stages of maturation.

Fig. (6): The ovary shows corpora lutea, besides degenerated cysts.

Fig.(7): The ovary of aged rat received L-arginine showed tendency toward retained
its normal function represented by increase number of graffian follicles.

Fig. (8): The ovary of aged rat received L-carnitine showed tendency toward retained
its normal function represented by increase number of graffian follicles.
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Fig. (9): Kidney of adult rat showed normal Microscopic picture.

Fig. (10): The kidney of aged rat shows increase number of lyalinize glomoruli
beside congested capillaries and degenerated epithelial lining.

Fig. (11): Kidney of rat received L-arginine shows improvement of glomeruli tufts

and renal epithelium structure.
Fig. (12): The kidney of rat received L-carnitine shows improvement of glomeruli

tufts and renal epithelium structure.
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Fig. (13): The liver of adult rat shows microscopically picture normal.

Fig. (14): the liver of aged rats shows increase in number of cepoptotic cells and
degeneration; moreover dilated hepatic sinusoids were seen.

Fig. (15): The liver of rats received L-arginine showed increase number of
regenerated hepatic cell represented by diplocytes, increases mitotic
activity.

Fig. (16):The liver of rats received L-carnitine shows nearly same results of that
received l-arginine.
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