
39

Manju Kaundala & Sushma Sharmaa*
*aDepartment of Biosciences, H.P.University, Shimla, Himachal Pradesh

Received  16th June.,2014; Revised 25th July, 2014

INTRODUCTION
β-Agonists are reported to induce pathophysiological

changes, resulting in infarct like necrosis, comparable to
that of human myocardial infarction1,2. Previously, the
extracellular appearance of LDH has also been used to
detect cell damage or cell death3. Due to its extraordinarily
widespread distribution in the body, serum LDH is
abnormal in a host of disorders4. It is released into
peripheral blood after cell death, caused by ischemia,
excess heat or cold, starvation, dehydration, injury,
exposure to bacterial toxins, after ingestion of certain drugs
and from chemical poisoning3.

According to WHO, globally myocardial infarction
is one of the leading causes of death both in men and
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women due to changing life style in developing countries,
such as India and particularly in urban areas. Liver cancer
is the fifth most common cancer in the world with a poor
prognosis. 80% people of developing countries rely on
traditional medicines; mostly plants derived drugs, for their
primary health needs. Although modern drugs are effective
in preventing these disorders, their use is often limited
because of their side effects5.

Picrorhiza kurroa is a well known herb in the
Ayurvedic system of medicine and has traditionally been
used to treat disorders of the liver and upper respiratory
tract. These days, research has been focused on its
hepatoprotective, anticholestatic, antioxidant and immune
modulating activity6,7. Present study will first assess the
cytotoxic potential of β-agonist isoproterenol followed by
evaluation of the cardioprotective and heptoprotective role
of ethanol extract of rhizome of Picrorhiza kurroa on
isoproterenol induced tissue damage in mice.
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MATERIALS AND METHODS

Animals
Adult male Balb/c Mice (20-25 g) procured from

Central Research Institute (CRI), Kasauli (H.P.), were
maintained in the animal house of the Department of Bio-
sciences, Himachal Pradesh University, under suitable
hygienic conditions. The mice were provided feed and
water ad libitum. All procedures adopted in animal care
and methodologies, had the approval from Institutional
Animal Ethics Committee of the University (Registration
No. IAEC/Bio/7/2004).
Experimental groups:

To study the effect of isoproterenol on normal healthy
animals showing no sign of morbidity, mice were divided
into two groups:
Group S: mice receiving saline
Group I: mice receiving a single oral dose of isoproterenol
(100 mg/kg b.w.)
Effect of plant extract was also studied on normal mice
and isoproterenol treated mice. For that, mice were ad-
ministered with two doses of Picrorhiza rhizome extract
for 30 days and divided in to four groups:
Group E50: mice receiving 50 mg Picrorhiza rhizome ex-
tract
Group E150: mice receiving 150 mg Picrorhiza rhizome
extract
Group EI50: mice receiving 50 mg Picrorhiza rhizome ex-
tract+100 mg isoproterenol
Group EI150: mice receiving 150 mg Picrorhiza rhizome
extract+100 mg isoproterenol

Lactate dehydrogenase assay
The hepatic tissues were obtained from each group

of animals and homogenized separately in 0.2M Tris HCl
buffer, (pH 7.3). Each homogenate was centrifuged at
4000 rpm. Serum samples were prepared by keeping the

 blood as such overnight at 8 C. Blood cells coagulated
and serum was separated as a distinct layer. Protein
concentration was determined by the method of Lowry et
al.8.

Total LDH activity of the liver and serum samples
was determined by employing a standard LDH assay9.
Reaction velocity was determined by a decrease in absor-
bance at 340 nm, following an oxidation of NADH. Change
in absorbance was finally converted into units of LDH

activity. Reaction mixture for LDH activity contained, 0.2
M Tris (pH 7.3), 6.6 mM NADH and 30 mM sodium pyru-
vate.
Native Polyacrylamide Gel Electrophoresis (PAGE)

The hepatic tissues were homogenised in 0.9% saline
to get a 10% homogenate. Different homogenates were
centrifuged at 4000 rpm for 30 minutes at 4ºC. LDH
isozymes were resolved on a 7.5% gel, employing native
polyacrylamide gel electrophoresis (PAGE), according to
the method of Cooper10.

Tris HCl was used as buffer for separating (0.5 M;
pH 8.8) as well as stacking (1.5 M; pH 6.8) gel. Tris
glycine buffer (pH 8.3) was used as a running buffer.
LDH isozymes were finally visualized by incubating the
gels in a medium containing 100 mM Tris (pH 7.0), 0.4
mg/ml Nitro BT, 0.7 mg/ml NAD, 0.5 mg/ml phenozine
methosulphate (PMS) and 100 mM sodium lactate (pH
7.0), for 20 minutes at 37ºC. Different LDH isozymes
appeared as dark (blue/violet) bands. Densitometry was
also performed to evaluate the altered isozymic expression
after drug administration.
Fluorescence microscopy

Tissue preparation
Mice were killed by cervical dislocation. Heart and

liver tissue were excised and immediately immersed in
cold buffered saline. Acridine orange and ethidium bromide
staining was done in tissue sections of heart. Cell
suspension was prepared for liver according to the method
of Dawson11, with few modifications. For making hepatic
suspension liver slice was placed in a flask containing ice
cold 0.05% (w/v) collagenase and 0.1% hyaluronidase in
buffered saline. The flask was incubated at 37ºC with
intermittent shaking. After 70 minutes, the contents of the
flask were poured on a wetted filter consisting of one
layer of surgical gauze overlying two layers of stocking
nylon. Filtration was usually facilitated by gently stirring
the suspensions on the filter with a blunt glass rod. The
filtered suspension was transferred to a plastic centrifuge
tube and centrifuged at 100×g for 1 minute. The supernatant
fluid was withdrawn by suction and cell pellet was gently
resuspended in 10 ml of cold buffered saline and
centrifuged again at 100×g for 1 minute. The washing
procedure was repeated twice with buffered saline.

Fluorescent assay (Duke and Cohen)12
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The purpose of this method was to simultaneously
measure apoptotic cells, necrotic cells, and normal cells.
Cell suspension and tissue sections were suspended in
phosphate buffered saline (PBS) followed by 2 µl of acri-
dine orange/ethidium bromide dye each and immediately
examined under fluorescence microscope. A minimum of
three sites of a slide were observed for following states:
viable cells having normal nuclei yellow to orange chro-
matin with organized structure, necrotic cells having red
chromatin with organized structure and apoptotic cells
with fluorescent or highly condensed chromatin.

Electron microscopy
Transmission electron microscopy (TEM) was

performed at All India Institute of Medical Sciences
(AIIMS), Delhi. Mice liver tissue was carefully excised
and fixed in fixative for 12 hr at 4ºC. The fixed tissues
were then washed four times in 0.2 M phosphate buffer
and postfixed in 1% osmium tetraoxide for 2 hours. They
were dehydrated in graded acetone steps and embedded
in araldite CY212 and stained with uranyl acetate and lead
citrate.

Extraction of plant materials
Rhizomes of Picrorhiza kurroa were obtained from

Kullu district of Himachal Pradesh and identified in
Himalayan Forest Research Institute (HFRI), Shimla,
Himachal Pradesh. Plant extract was prepared according
to the method of Ray et al.13. Fresh air dried rhizomes of
Picrorhiza kurroa were powdered in a mechanical grinder.
Crude powder was soaked in 95% ethanol for seven days
with intermittent shaking to make a 25% solution. On 8th

day, the whole material was filtered through muslin cloth.
The filtrate collected and concentrated under reduced
pressure. The residual solvent was removed under vacuum
and a solid blackish brown mass was obtained.

During use, the dried material, after weighing was
placed in a mortar and pestle, to which 2% w/v of gum
acacia was added and macerated with double distilled
water. It was transferred to a small tube and the volume
was made up as required for the experiment.

Statistical analysis
Data was expressed as Mean±S.E.M. The statistical

significance was determined by the application of Student’s
‘t’-test and one way ANOVA to find the mean difference
between the groups. Post hoc (Dunnett and Turkey), tests

were also performed. The differences were assumed sig-
nificant at P<0.05*.

RESULTS AND DISCUSSION
Selectively permeable lipid membranes are essential

for maintaining the internal environment of the cell. Cell
membranes disruption can lead to the release of cytoplas-
mic contents including various enzymes into extracellular
space which serve as indicators suggestive of disturbances
of the cellular integrity. Their presence in serum/plasma
provides information about tissue or cellular damage that
has occurred14 Present study measured the levels of iso-
proterenol cytotoxicity in mice heart and liver after treat-
ment with single high dose of 100 mg/kg b.w.

Measurement of lactate dehydrogenase (LDH) is
important in diagnosis of myocardial infarction15. After
the administration of isoproterenol, total ventricular LDH
initially showed a spurt in its activity followed by a de-
cline which was most prominent i.e. 43% at 48 hr of drug
treatment (Fig. 1). While serum LDH was unaffected in
the beginning, it displayed a burst in LDH activity later.
This burst was most conspicuous i.e. 54% at 48 hr stage
(Fig. 2). To have a clearer picture, electrophoresis was
also performed, because according to earlier studies, the
levels of serum LDH1 and LDH2 increase in acute heart
muscle injury16,17. In the present study, ventricular LDH2demonstrated reduced expression of 12% at 48 hr stage
along with a corresponding 72% enhancement in its se-
rum levels (Fig. 3B & 3C).

Moreover isoproterenol administration resulted in an
increase of 21% in the overall activity of total hepatic LDH
after 4 hr (Fig.1). This enhancement might be correlated
to the fact that the metabolism of the liver is dependent on
glycolysis even in normal conditions. Because hepatocytes
are under severe stress, the energy demands of the in-
creased synthetic activities elicited by the primary injury
may be met by enhanced glycolysis18. The increase in LDH
activity might be favourable in this respect. Isoproterenol
had resulted in significant decrease in the hepatic levels of
lactate dehydrogenase in the later stages of the study (8,
20, 48 and 72 hr). A decline of as much as 31% was
visible at 48 hr stage with subsequent increase in the ac-
tivity in the serum compared to normal (Fig. 1). An in-
crease of 54% in the serum levels of the enzyme may be
attributed partly to its leakage from the liver as a result of
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drug induced cytotoxicity and the amount of enzyme ap-
peared in the serum was in proportion to the number of
necrotic cells.

When liver samples were run on native PAGE, only
one isozymic form of LDH i.e. LDH5 was displayed (Fig.
3A). Prior Agostini et al.19 have also reported mostly LDH5in whole liver cells. Aerobic isoforms like LDH1 and LDH2were found to be completely absent in the liver thereby
pointing it as an organ with anaerobic metabolism. Iso-
proterenol administration resulted in significant decline of
20% in the levels of hepatic LDH5 after 48 hr of treatment
(Fig. 3A), with subsequent rise of 37% in its serum levels
at the same stage (Fig. 3C). As LDH5 is found in abun-
dance in the hepatic tissue and, serum LDH5 is found to be
high in acute liver injury17, thereby proving that it has been
released from this tissue after β-agonist induced tissue
damage and necrosis suggesting role of isoproterenol in
the process of apoptosis and necrosis, in mice hepato-
cytes.

From the apoptosis assay, it was deduced that heart
and liver displayed excessive cellular injury after drug treat-
ment. Even control mice tissues demonstrated cell injury/
death (Fig. 4A & 4C). Three types of cells were clearly
recognized in liver, live, necrotic and apoptotic hepato-
cytes. Isoproterenol caused more instances of necrosis
(53%) as compared to apoptosis (35%) after 48 hr of
administration (Fig. 4D). Earlier, Honda et al20 alleged that
apoptotic cells undergo lysis after a period of time and
called it secondary necrosis. The more incidences of ne-
crosis compared to apoptosis in present study, suggested
that some of the total necrosis measured after 48 hr of β-
adrenergic agonist administration may in fact be second-
ary necrosis to the apoptosis measured at earlier time
points.

From morphological viewpoint, the distinction be-
tween apoptosis and necrosis was also described by elec-
tron microscopy. Cardiomyocytes undergoing apoptosis
were characterized by cell rounding, the formation of
sharply-delineated, uniform fine granulated masses that
became marginated against the nuclear membrane and
condensation of cytoplasmic organelles (Fig. 5C). Necrosis
typically involves foci containing many cells that swell
(especially the mitochondria and endoplasmic reticulum)
because they lose their ability to maintain their fluid and

electrolyte balance21. In contrast the mitochondrial mor-
phology is normal in apoptosis just the nuclear chromatin
forms clumps at the nuclear periphery22. In our study
majority of mitochondria exhibited an extensive edema in
mice treated with isoproterenol leaving aside the fact that
some of the mitochondria also showed normal structure
even after treatment with the drugs. These results were
corroborated by endoplasmic reticulum to some extent as
it showed dilation in heart only (Fig. D).

Ultrastructural analysis of cardiac muscle revealed
degeneration of the mitochondria and disappearance of
cristae after β-agonist administration (Fig. 5E). This ap-
pearance was considered “atrophy of the striated muscle”.
The major mitochondrial pathology in present study was
edema, and was the main ultrastructural sign of cellular
injury23. There was extensive swelling of the organelle lead-
ing to structural damage to cristae. Some mitochondria
had lost their outer membrane therefore presented a dis-
rupted structure (Fig. 5E). Permeablization of the outer
membrane of mitochondria is a common feature of both
apoptosis and necrosis and this process of simultaneous
induction of apoptotic and necrotic death, has also been
termed as ‘necrapoptosis’24. After permeabilzation of the
outer mitochondrial membrane, the subsequent phenotype
of cell death (i.e. apoptosis or necrotic) may be deter-
mined by the availability of ATP25, as cells depleted of ATP
undergo necrosis rather than apoptosis.

Disrupted mitochondrial structure may interfere with
the cells ability to utilize oxygen to generate adequate
amount of ATP26. This in turn may impair the ability of
cell to utilize the nutrients to synthesize structural and func-
tional proteins necessary for maintaining the cell. Deple-
tion of ATP can shift the metabolism towards anaerobic
glycolysis. In addition of being less efficient in terms of
energy production, glycolysis is also accompanied by the
accumulation of inorganic phosphate and lactic acid which
lowers the pH inside the cell. This acidosis can interfere
with enzyme functioning and can damage nuclear DNA,
thus leading to cell death27. This has previously been stud-
ied in developing brain26.

Hepatocytes undergoing apoptosis were confirmed
by chromatin condensation, nuclear fragmentation, and
extensive surface blebbing of the nuclear membrane and
finally appearance apoptotic bodies (Fig. 7). No such cy-
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tological observations were characterized in liver sections
from control mice. After treating mice with β-adrenergic
drugs, the hepatic tissue experienced significant cell dam-
age because smooth endoplasmic reticulum of the liver
cells, is the principal site of drug metabolism28,29 and many
enzymes which are involved in this process are bound to
ER membrane.

Further we wanted to evaluate the healing potential
of a medicinal plant Picrorhiza kurroa (Family:
Scrophulariaceae) which is also known as kutki (vernacu-
lar name). There are evidences of this plant being used in
the Ayurvedic system of medicine for the cure of liver
disorders which indicated its hepatoprotective nature13,30.
Lactate dehydrogenase was used as a marker of cellular
injury to evaluate the cytoprotective potential of kutki in
mice heart and liver, after administering single oral dose
of isoproterenol hydrochloride (100 mg/kg b. w.) to mice
for 48 hr. It was found that mice receiving no pretreat-
ment of extract showed massive loss of marker enzyme
lactate dehydrogenase (LDH) from the tissues and an enor-
mous increase in the serum LDH after treatment with iso-
proterenol proving its cytotoxic nature. Pretreatment of
mice with plant extract followed by isoproterenol admin-
istration demonstrated loss of tissue LDH to a lesser

extent.
Protection from cytotoxicity was observed in liver

and heart at both doses of plant extract (Fig. 6 & 7C).
Out of the two doses of Picrorhiza plant extract i.e. 50
mg and 150 mg/kg b. w./day, later was found to more
effective in fighting against isoproterenol induced cell dam-
age. Picrorhiza reduced the hepatic damage or LDH re-
lease by 20-25% (Fig. 8A). These cytoprotective effects
could be possibly via the stimulation of nucleic acid and
protein synthesis. Heart also witnessed more than 50%
less cell injury (Fig. 8B). Serum complimented the above
findings by showing tiny increase in its LDH activity in
both the groups (Fig. 8C).

The results of the present study indicated and con-
firmed the deleterious effects of acute doses of β-ago-
nists, isoproterenol (100 mg/kg b. w.). As far as the ef-
fect of Picrorhiza  is concerned, it showed great
cytoprotective potential. Our data suggested its
cardioprotective potential besides its hepatoprotective prop-
erties. Picrorhiza seems to be a promising tool to explore
therapeutic alternative in cardiovascular disease and en-
couraging dietary intake of this plant could prove benefi-
cial to heart in addition to liver.

Figure 1
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Figure 2

Figure 3A

Figure 3B

Figure 3C
LEGENDS
Fig. 1: Effect of acute dose of isoproterenol (100 mg/kg b. w.) on mice total heart and liver lactate dehydrogenase

concentration (Units/mg protein). Values are Mean ± S.E.M. (n=6). P < 0.05*.
Fig. 2: Effect of acute dose of isoproterenol (100 mg/kg b. w.) on mice total serum lactate dehydrogenase concentration

(Units/mg protein). Values are Mean ± S.E.M. (n=6). P < 0.05*.
Fig. 3: Native PAGE (7.5%), revealing distribution of lactic dehydrogenase (LDH) isozymes in control  and

isoproterenol (100 mg/kg b. w.) treated liver after 48 hr. Liver (A), Heart (B) and Serum (C).
Lane 1: Control
Lane 2: Isoproterenol treated
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                Figure 4A Figure 4B       Figure 4C

Figure 4 D Figure 5A

                Figure 5 B Figure 5 C       Figure 5 D

                Figure 5 E Figure 6A       Figure 6B
Fig 4: Acridine orange/ethidium bromide stained mice control heart (A) and liver (C). Administration of â-agonist
isoproterenol (100 mg/kg b. w.) for 48 hr  resulting in widespread cell injury in mice heart (B) and liver (D). ×200 and
×400. Fig. 5: Transmission electron photomicrographs (TEM). A: Control mice heart (longitudinal sections) showing
normal myofibrils (F) with prominent Z-bands (Z), intermyofibrillar space (IS) and mitochondria, B: Sarcomere (S)
extending between two Z-lines (Z). C: Cardiomyocytes (C), demonstrating degeneration after isoproterenol
administration. C (cardiomyocyte), N (nucleus), M (mitochondria) are clearly visualized.
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D: Endoplasmic reticulum in cardiomyocyte, showing dilation after isoproterenol treatment. ER lost ribosomes which
were present in the sarcoplasm freely. E: Mice heart demonstrating complete loss of mitochondrial cristae (MC) after
drug treatment. M indicates mitochondria with intact structure.
Fig. 6: Tranmission electron photomicrograph of mice heart pretreated with plant extract 50 mg (A) and 150 mg (B),
followed by administration of isoproterenol for 48 hr. Note the compact arrangement of the myofibrils (F) and
mitochondria (M). Few mitochondria however are showing less matrix density and loss of cristae (CM). Z indicates
Z-line and IS stands for interfibrillar space.

                Figure 7 A Figure 7 B       Figure 7 C
Fig. 7: A: Electronogram of control mice liver demonstrating N (nucleus) and lysosomes (L) in the hepatocyte
cytoplasm. B: Hepatocyte nuclei (N) is demonstrating clumped chromatin (NC) along with formation of apoptotic
bodies (AB) after 20 hr of isoproterenol administration.

Fig. 8: Activity of LDH (Units/mg protein) in liver (A), heart (B) and Serum (C) of mice. Group S (mice receiving
saline only), group I (mice treated with isoproterenol alone for 48 hr), group E50 (mice treated with 50 mg
extract for 30 days), E150 (mice treated with 150 mg extract for 30 days), group EI50 (mice pretreated with 50
mg extract for 30 days followed by isoproterenol 100 mg/kg b. w. for 48 hr), EI150 (mice pretreated with 150
mg extract for 30 days followed by isoproterenol 100 mg/kg b. w. for 48 hr). Value are expressed as
mean±S.E.M. p < 0.05*.

                              Figure 8 A Figure 8B
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Figure 8 C
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