Berberis lyceum root bark extract attenuates anticancer drugs
induced neurotoxicityand cardiotoxicity in rats
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Abstract

Background: Traditionally, Berberis lyceuns was extensively used for the treatment of several human diseases.

Objective: This study was undertaken to determine in vivo effects of Berberis lyceum root bark against doxorubicin-induced
cardiotoxicity and cisplatin-induced neurotoxicity in Sprague Dawley rats.

Methods: A single dose of doxorubicin (20 mg/ kg i. p) and cisplatin (4mg/kg i.p) was used to induce cardiotoxicity and
neurotoxicity, respectively. Berbetis lyceum methanolic extract was given orally (200 and 400 mg/ kg) to toxicity-induced rats.
The cardiac biomarkers i.e. serum aspartate aminotransferase, alanine transaminase, lactate dehydrogenase, creatine kinase and
creatine kinase MB were analyzed in blood collected from cardiotoxic rats. The tissue oxidative stress markers included protein,
glutathione s-transferase specific activity, catalase activity, total glutathione, and malondialdehyde levels were measured in cardiac
and brain homogenate of the respective groups.

Results: Berberis lyceum methanolic extract has the potential to reduce the doxorubicin-induced cardiotoxicity and cisplatin-in-
duced neurotoxicity significantly (*p<0.05) by reducing the serum markers and oxidative stress parameters. Histopathological
analysis exhibited a marked improvement in the morphology of cardiac and brain tissues.

Conclusion: It is concluded that methanolic extract of Berberis lyceum root bark has the potential to protect and reverse anti-
cancer drugs induced cardiotoxicity and neurotoxicity.
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Introduction or undo the toxic effect (neoplasia genesis) of a chemical

Cancer is a neoplastic disorder that is a chief cause of
death in many developed and emerging countries. The
global economic burden of cancer is substantially raised
and due to this disease, 7.6 million (13%) deaths are re-
ported annually. For many years, medicinal plants have
been used to cure or prevent a diverse range of disor-
ders. There is a sufficient number of scientific literature
is available that verified the anticancer potential of me-
dicinal plants due to the presence of various bioactive
chemicals.! Chemoprevention is defined as either avoid
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by using another chemical agent. It is documented that
the plant bioactive compounds provide protection against
tumor genesis by several mechanisms such as instigation
of apoptosis, reducing free radical production and oxida-
tive stress, inhibition of cell proliferation, and interrupt-
ing the cancer cell cycle process. In previous studies, it is
acknowledged that the concomitant use of antioxidant
phytochemicals during chemotherapy can protect against
anticancer drugs-related side effects.

Doxorubicin (DOX) is a highly effective drug used to
treat cancers like leukemia®, connective tissue cancers®,
breast cancer °, and lung cancer . However, its application
is limited due to its cardiac targeted toxicity. Doxorubicin
can induce cardiotoxicity by several mechanisms, includ-
ing free radical generation, calcium excess, dysfunctional
mitochondria, a mutation in gene expression, apopto-
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sis, and causing defects in the natural immune system.’
Despite multifactorial doxorubicin-induced cardiotoxic-
ity, oxidative stress plays a vital role to instigate cardiac
injury. Doxorubicin produces oxidative stress by the gen-
eration of free radicals in the body. These free radicals
are generated by the addition of electrons to doxorubicin
quinone moiety, which rapidly regenerates to its parent
structure by reducing oxygen to the superoxide anion and
hydrogen peroxide (H202).!” The dismutation of the
superoxide is catalyzed by acidic pH or superoxide dis-
mutase (SOD) enzyme. As H202 is a less toxic molecule,
it is eliminated by an enzymatic antioxidative defense sys-
tem consisting of catalase and glutathione peroxidase.'
Further, a secondary metabolite called doxorubicinol
which is formed by the reduction of the carbonyl group
of doxorubicin also promotes heart toxicity."

Cisplatin is a platinum-based chemical and widely used
to cure various malignancies. It exerts its antineoplastic
effects by the formation of DNA adducts, by induction
of oxidative stress, and by triggering apoptosis in tumor
cells. Cisplatin being an inert molecule requires activation
before interacting with nucleophilic target sites. A non-
enzymatic water-based reaction activates cisplatin into a
charged molecule.”” Mitochondria are primary targets for
cisplatin-induced toxicity. Mitochondrial DNA adducts
are formed upon the interaction of activated cisplatin
with mitochondrial DNA, resulting in direct damage, i.e.
reduced protein synthesis, impaired electron transport
chain function, oxidative stress, and activation of intra-
cellular apoptosis.”” Neurotoxicity is the onerous side
effect associated with cisplatin use. Cisplatin possibly
causes neurotoxicity due to many reasons such as oxi-
dative stress, deposition of cisplatin adduct in neurons,
and inhibition of DNA repairing mechanisms mainly in
peripheral neurons and dorsal root ganglia neurons. This
menacing side effect leads to either cisplatin dose reduc-
tion or early discontinuation of therapy that can badly
affect the patient’s life."*

Berberis lyceum Royle belongs to the family Berberidace-
ae and it is a common medicinal plant found in Pakistan.
Berberis lyceum fruit is known as “Kashmal” while the
root is called “Darhald”."” Traditionally, Berberis lyceum
was extensively used for the treatment of several human
diseases. The literature review reveals that it possesses
antihypetlipidemic ', anti-diabetic ', antimicrobial, an-
tifungal ¥, antioxidant and nephron-protective activity."”
Berberis lyceum contains valuable phytochemicals, i.e.

193

alkaloids (berberine, berbamine, palmitine), hydrolysable
tannins, cardioactive glycosides, and saponins which are
responsible for its various pharmacological effects.”

The study aimed to evaluate the protective effects of Ber-
beris lyceum root bark against doxorubicin-induced car-
diotoxicity and cisplatin-induced neurotoxicity in Sprague
Dawley rats because previous no such study was found
through an extensive literature survey.

Materials And Methods

Chemicals

Doxorubicin (Brand name: Adrim) intravenous infusion
was purchased from Atco Pharma Laboratories (Pvt).
Ltd. Anthrone reagent was obtained from Sigma life sci-
ences, Germany. Folin and Ciocalteu’s phenol reagent
and Triton X acquired from Unichem chemicals, Ireland.
Vitamin E was procured from Merck Pvt. Ltd. For aspar-
tate transaminase (AST) and alanine transaminase (ALT)
analysis, kits by Singapore Biosciences (SBio) PTE Ltd.
were used. The kits by Randox Laboratories Ltd. were
used to estimate lactate dehydrogenase (LDH), creatine
kinase (CK), and creatine kinase myocardial band (CK-
MB). All chemicals were analytical grade.

Extraction of Berberis lyceum Royle root bark
Berberis lyceum dried root bark was powdered. 250 g of
powder was soaked in 800 mL of methanol and macer-
ated for 6 days with intermittent stirring. This mixture
was filtered and residues were again soaked in methanol
for 3 days. The filtrate was pooled and dried by a rotary
evaporator at 45°C. A total of 25 g of Berberis lyceum
methanol extract (MEBL) was obtained. The extract was
stored at 4 — 8°C.

Chemical composition of Berberis lyceum methan-
olic extract

Qualitative phytochemical screening of Berberis lyceum
methanolic extract was performed to detect the presence
of various chemical compounds such as glycosides, sapo-
nins, tannins, alkaloids, flavonoids, triterpenoids, carbo-
hydrates, proteins, fats and, fixed oils.

The quantitative analysis of the phytochemicals (primary
and secondary metabolites) was also performed accord-
ing to the standard procedures. Primary metabolites es-
timation was included total protein *, total lipids **, and
total carbohydrates ». Secondary metabolites were also
determined such as total polyphenols *, total flavonids *,
total glycosaponins and, total polysaccharides.”
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Animals

Sprague Dawley rats were procured from the University
of Health Sciences (UHS) Lahore. The animals were han-
dled as per guidelines of an Animal Ethics Committee
of University College of Pharmacy (PUCP), University
of the Punjab Lahore, Pakistan. The committee reviewed
and approved the experiment protocol (issued voucher
no: AEC/PUCP/1051). The rats were acclimatized and
maintained under controlled conditions; temperature
25°C £ 2 and 60% relative humidity with a 12/12 hour
dark and light cycle. Animals were provided a standard
diet and water ad libitum.

Experimental protocol

For the in vivo study, animals were randomly select-
ed from the animal house. The extract was dissolved in
distilled water (DW) and vortexed to get a homogenous
mixture. Animals were grouped as the following scheme
having 6 rats in each group:

GROUP 1 (Control): Rats were given water as a vehicle
for 21 days.

GROUP 2 (DOX treated): Animals were given vehicle
for 21 days and on the 19th day, a single dose of doxo-
rubicin 20 mg/ kg body weight (BW) was administered
intraperitoneally.

GROUP 3 (MEBL-200): Animals were administered Ber-
betis lyceum methanol extract 200 mg/ kg BW through
oral gavage for 21 days.

GROUP 4 (MEBL-400): Animals were administered 400
mg/ kg BW of Berberis lyceum methanol extract through
oral gavage for 21 days.

GROUP 5 (DOX+MEBL-200): Rats were administered
200 mg/kg BW of Berberis lyceum methanol extract
through oral gavage for 21 days. On the 19th day, a single
injection of doxorubicin 20 mg/ kg was co-administered
intraperitoneally.

GROUP 6 (DOX+MEBL-400): Animals were adminis-
tered 400 mg/ kg BW of Berberis lyceum methanol ex-
tract through oral gavage for 21 days. On the 19th day, a
single injection of doxorubicin 20 mg/ kg BW was co-ad-
ministered intraperitoneally.

GROUP 7 (DOX+Vitamin E): Group was administered
vitamin E 100 mg/ kg BW through oral gavage for 21
days. On the 19th day, a single injection of doxorubicin
20 mg/ kg BW was co-administered intraperitoneally
GROUP 8 (Cisplatin treated): Animals were given vehicle
for 21 days and on the 19th day, a single dose of cisplatin
4 mg/ kg BW was administered intraperitoneally.
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GROUP 9 (Cisplatin+tMEBL-200): Rats were adminis-
tered 200 mg/kg BW of Berberis lyceum methanol ex-
tract through oral gavage for 21 days. On the 19th day, a
single injection of cisplatin 4mg/ kg BW was co-adminis-
tered intraperitoneally.

GROUP 10 (Cisplatin+MEBL-400): Animals were ad-
ministered 400 mg/ kg BW of Berberis lyceum methanol
extract through oral gavage for 21 days. On the 19th day,
a single injection of cisplatin 4 mg/ kg BW was co-ad-
ministered intraperitoneally.

Blood samples from each rat were taken after 24 hours
of the last dose of doxorubicin and cisplatin. All the rats
were sactificed and the heart from cardiotoxic and brain
from neurotoxic group rats was removed. A small section
of the heart and brain from each group were preserved in
10% formalin for histopathological examination. All the
tissue samples were stored at -80°C for further analysis.

Preparation of blood serum

The blood samples from rats were taken by cardiac punc-
ture and collected in the serum gel separating tube. Then
these samples were allowed to stand at 25°C for 30 min-
utes and subsequently centrifuged at 3000 rpm for about
15 minutes. The clear serum was collected from the gel
top while cell debris settled down in the gel. Serum was
transferred to labeled tubes and refrigerated at -80°C for
future experimentation.

Preparation of heart homogenate and brain homogenate
Pooled hearts were finely chopped in phosphate buffer
through scissors. Heart tissues were then homogenized
with the help of a homogenizer then centrifuged at 12,500
X g at 4°C for 20 minutes. The final post mitochondrial
supernatant (PMS) was carefully transferred to Eppen-
dorf’s tubes and stored at -80°C for further analysis.

Estimation of biochemical parameters

The serum biochemical markers in cardiotoxic groups
included aspartate transaminase (AST), creatine kinase
(CK), alanine transaminase (ALT), lactate dehydrogenase
(LDH) , creatine kinase MB (CK-MB) were measured ac-
cording to the procedure specified within the kits. The
Lowry method was applied for the estimation of total
protein in PMS.21

Glutathione s-transferase (GST) assay

The GST-specific activity was estimated by Habig’s meth-
od with slight modification. For GST-specific activity, the
reaction mixture contained post mitochondrial superna-
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tant of brain and heart, 100 mM phosphate buffer (pH
6.5), 30 mM GSH, and 30 mM CDNB. Change in the
absorbance was measured at 340 nm on a spectropho-
tometer for 5 minutes. GST activity expressed in pmol/
minute/mg protein.”’

Glutathione (tGSH) assay

Total GSH content was determined by Sedlak and Lind-
say method with slight modification. Heart and brain tis-
sues were homogenized in 67 mM phosphate buffer (pH
7.4) separately. 25% trichloroacetic acid added to each
homogenate and centrifuged at 4,200 rpm for 40 minutes.
Afterward, supernatants of each sample were separated.
200 mM Tris HCI buffer containing 0.2 M EDTA (pH
7.5), 10 mM DTNB, and methanol added to each super-
natant. Then, the reaction mixture was incubated for 30
minutes at 37°C. The absorbance of the final yellow solu-

tion was recorded on a spectrophotometer at wavelength
412 nm.>8

Catalase analysis for heart and brain tissues

Catalase activity measured according to Sinha prescribed
method with minor modification. The tissue homogenate
(heart/ brain) was vortexed with 0.01 M phosphate buffer
(pH 7) and freshly prepared 0.2 M H202 Dichromate/
acetic acid added to the reaction mixture. Then, this reac-
tion mixture heated for 10 minutes till permanent green
color appeared. The absorbance was taken at 570 nm at
room temperature, and catalase activity was measured di-
rectly from the standard curve.”

Malondialdehyde (MDA) assay

Malondialdehyde (MDA) test was carried out by using
thiobarbituric (TBA) assay followed by Ohkawa method
with a slight alteration in the experimental steps. Heart
and brain tissue samples (Img) were homogenized in
1.2% KCI separately. To homogenate, 20% acetic acid,
8% sodium lauryl sulfate, 20.8% TBA, and distilled water
were added. The reaction mixture was incubated for 1
hour at 98°C. After incubation, butanol: pyridine (15:1)
was added to the mixture and centrifuged for 30 min
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(4,000 rpm). The absorbance of the resultant superna-
tant was recorded at 532nm. The concentration of MDA
(mM/g tissue) was directly calculated from the MDA
standard curve.

Histopathological studies

10% formalin solution was used to fix each heart and
brain tissue. The specimens were handled as per standard
procedure and embedded in paraffin wax. The blocks
were sectioned and stained using the hematoxylin-eosin
(H & E) method and examined by light microscopy.™

Statistical analysis

Graph Pad Prism version 7.01 software was used for the
statistical computation of results. Analysis was done by
using unpaired t-test, one-way ANOVA, and by Dun-
nett’s test. All data expressed in mean standard deviation
(Mean £ SD) and *P <0.05 was considered statistically
significant.

Results

The effect of Berberis lyceum on doxorubicin-induced
cardiotoxicity and cisplatin-induced neurotoxicity in rats
was estimated by measuring serum markers, tissue mark-
ers, and by histopathology of the heart and brain tissues.
The general appearance of all groups of animals was
observed and noted throughout the study. In the doxo-
rubicin treated group, there was drastic weight loss and
fur had a pink tinge. Rats had soft watery feces and red
exudates also appeared on the sides of the eyes and nose.
These observations were significantly less in concurrent
administration therapy (doxorubicin and Berberis lyceum
treated group).

Chemical composition of Berberis lyceum methan-
olic extract

Berberis lyceum qualitative and quantitative phytochem-
ical screening (Table 1 and Table 2) revealed that plant
root contains many important primary and secondary
metabolites, i.e. proteins, lipids, carbohydrates, alkaloids,
tannins, saponins, flavonoids, and polyphenols.
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Table 1: Qualitative estimation of the chemical composition of Berberis lyceum methanolic

extract
Phytochemical Name of test(s) Results
Glycosides Keller-Killiani test Positive
Saponins Foam test Positive
Tannins Ferric chloride test Positive
Alkaloids Dragendroff’s test Positive
Hager’s test
Mayer’s test
Wagner’s test
Flavonoids Lead acetate test Positive
Alkaline reagent test
Triterpenoids, Salkowaski test Positive
Libermann burchard
Test
Carbohydrates, = Molisch’s test Positive
Fehling’s test
Seliwanoff’s test
Amino acids Ninhydrin test Negative
Fats and fixed Saponification test Positive

oils

Table 2: Quantitative estimation of the chemical composition of Berberis lyceum methanolic

extract
Total lipids (%) Total
1 0

Primary Total proteins (%o) E;:;)ohydrates
metabolites 6106 2.6+0.2 94.2+0.5

Total Total Flavonoids Total Total
Secondary  Polyphenols (mg/g) Glycosaponins Polysaccharides
metabolites (mg/g) (mg/g) (mg/g)

78.84+0.03 118.83 + 0.06 16.9+0.05 132.56+0.02

Effect of Berberis lyceum methanolic extract on se-
rum AST (U/L)

The study outcomes showed that serum AST level in the
doxorubicin treated group was significantly (*p < 0.05)
increased (240.66 + 8.32 U/L) than the control group
(148.37 £ 11.5 U/L). The methanolic extract groups
(MEBL-200 and MEBL-400) demonstrated an insignif-
icant change in the AST level against the control. The

African Health Sciences, Vol 22 Issue 3, September, 2022

concurrent administration of the doxorubicin and Ber-
beris lyceum methanolic extract significantly decreased
the AST level as compared to the doxorubicin treated
group. For group 5 and group 06, a decrease in the AST
level: 166.03 £ 8.58 U/L and 150.21 *+ 4.49 U/L was
reckoned, respectively. The co-administration of the
doxorubicin and vitamin E also showed a significant drop
(152.47 + 8.01 U/L) in the AST level (Figure 1A).
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Figure 1: Effect of Berberis lyceum methanolic extract: serum AST (A), serum ALT (B),
Creatine kinase (C), serum CK-MB (D), LDH (E), PMS protein content (F) in doxorubicin-induced cardiotoxicity.
The result analysis was conducted by using one-way ANOVA followed by Dunnett’s test. Values expressed in

Mean * SD, (n=0) and p < 0.05 was considered significant.

Effect of Berberis lyceum methanolic extract on se-
rum ALT (U/L)

This study has exhibited that the ALT level in the doxoru-
bicin treated group was significantly (*p < 0.05) increased
(77.07 £ 2.8 U/L) than the control group (40.6 + 4.83
U/L). The methanolic extract groups (MEBL-200 and
MEBL-400) showed an insignificant change in ALT lev-
el as compared to the control. The co-administration of
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doxorubicin and Berberis lyceum methanolic extract sig-
nificantly reduced the ALT level in comparison with the
doxorubicin-treated group. For group 5 and group 6, a
decrease in the ALT level: 50.77 + 1.93 U/L and 43.7 *
2.20 U/L was observed, respectively. The concurrent ad-
ministration of the doxorubicin and vitamin E displayed
a significant reduction (42.97 + 2.54 U/L) in the ALT
level (Figure 1B).
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Figure 1B

Effect of Berberis lyceum methanolic extract on se-
rum CK (U/L)

The present study results revealed that serum CK lev-
el in the doxorubicin treated group was significantly (H#p
< 0.05) increased (497.7 £ 8.91 U/L) than the control
group (156.23 £ 526 U/L). The methanolic extract
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groups (MEBL-200 and MEBIL-400) showed an insignifi-
cant change in serum CK level in comparison to the con-
trol. The concurrent administration of the doxorubicin
and Berberis lyceum methanolic extract significantly de-
creased CK level against the doxorubicin-treated group.
For group 5 and group 06, a decrease in the CK level: 223
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1 20.25 U/L and 206.2 £ 13.86 U/L was noticed, respec-
tively. The co-administration of the doxorubicin and vi-
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tamin E also showed a significant decrease (213.47 £16.3
U/L) in serum CK level (Figure 1C).
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Figure 1C

Effect of Berberis lyceum methanolic extract on se-
rum CK-MB (U/L)

The current investigation demonstrated that serum CK-
MB level in the doxorubicin treated group was signifi-
cantly (*p < 0.05) increased (206.16 £ 1.48 U/L) than
the control group (65.93 + 2.86 U/L). The methanolic
extract groups (MEBL-200 and MEBL-400) showed an
insignificant change in serum CK-MB level as compared
to the control. The concomitant administration of the

doxorubicin and Berberis lyceum methanolic extract sig-
nificantly decreased the CK- MB level against the doxoru-
bicin-treated group. For group 5 and group 6, a decrease
in the CK-MB level: 140.73 + 1.92 U/L and 116.1 = 1.56
U/L was seen, tespectively. The co-administration of the
doxorubicin and vitamin E manifested a significant re-
duction (115.93 +2.89 U/L) in serum CK-MB level as
compared to the doxorubicin-treated group (Figure 1D).
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Effect of Berberis lyceum methanolic extract on se-
rum LDH (U/L)

This research outcome showed that serum LDH level
in the doxorubicin-treated group was significantly (*p
< 0.05) increased (837.43 +8.44 U/L) than the control
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group (281.97 £ 23.2 U/L). The methanolic extract
groups (MEBL-200 and MEBIL-400) illustrated an insig-
nificant change in serum LDH level contrasted with the
control. The co-administration of doxorubicin and Ber-
beris lyceum methanolic extract significantly decreased
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the LDH level as compared to the doxorubicin-treated
group. For group 5 and group 6, a decrease in the LDH
level: 588.5 + 14.16 U/L and 395.27£14.70 U/L was ob-
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served, respectively. The concomitant use of the doxoru-
bicin and vitamin E also exhibited a significant drop-off
(381.07£14.69 U/L) in serum LDH level (Figure 1E).
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Figure 1E

Effect of Berberis lyceum methanolic extract on se-
rum protein content (mg/mL)

The current study results showed that the protein con-
tent in the doxorubicin-treated group was significantly
(# p < 0.05) decreased (39.13 £ 0.24 mg/mL) than the
control group (68.07 + 0.74 mg/mL). Berberis lyceum
methanolic extract groups (MEBL-200 and MEBL-400)
showed an insignificant change in protein content against
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the control. The parallel administration of the doxorubi-
cin and Berberis lyceum methanolic extract significantly
increased protein content over the doxorubicin-treated
group. For group 5 and group 6, the respective increase in
protein content was calculated as 68.43 £ 0.69 and 60.13
* 0.25. The co-administration of the doxorubicin and vi-
tamin E also showed a significant increase (60.80 * 0.33
mg/mL) in protein content (Figure 1F).
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Figure 1F
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The protein content in the cisplatin-treated group was
significantly (*p < 0.05) decreased (28.9 £ 1 mg/mlL)
than the control group (68.07 + 0.74 mg/mL). Bet-
beris lyceum methanolic extract groups (MEB-200 and
MEBL-400) have indicated an insignificant change in
protein content as compared to the control.he simultane-
ous administration of the cisplatin and Berberis lyceum

conlgrd o

methanolic extract significantly increased protein content
in contrast with the cisplatin-treated group. For group 5
and group 0, the respective increase in protein content
43.7 + 1.4 mg/ml and 44.9 £ 1.2 mg/ml was noticed.
The concurrent administration of the cisplatin and vita-
min E also demonstrated a significant increase (47.2 £ 0.3
mg/mL) in protein content (Figure 2).
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Figure 2: Effect of Berberis lyceum methanolic extract on PMS protein content in cisplatin-induced
neurotoxicity. The result analysis was conducted by using one-way ANOVA followed by Dunnett’s test.
Values expressed in Mean & SD, (n=06) and p < 0.05 was considered significant.

Effect of Berberis lyceum methanolic extract on se-
rum GST specific activity (umol/min/mg)

This study showed that the GST specific activity in the
doxorubicin-treated group was significantly (*p < 0.05)
decreased (0.027 £ 0.006 pmol/min/mg) than the con-
trol group (0.068 £ 0.003 umol/min/mg). The methano-
lic extract groups (MEBL-200 and MEBIL-400) revealed
an insignificant change in GST activity as compared to the
control. The synchronous administration of the doxoru-

African Health Sciences, Vol 22 Issue 3, September, 2022

bicin and Berberis lyceum methanolic extract significantly
(*p < 0.05) enhanced the GST activity as compared to
the doxorubicin-treated group. For group 5 and group 0,
the increase in the GST activity was found to be 0.052 £
0.001 pmol/min/mg and 0.056 £ 0.002 pmol/min/mg,
respectively. The co-administration of the doxorubicin
and vitamin E also exhibited a significant increase (0.057
+ 0.002 umol/min/mg) in the GST activity as shown in
Table 3.
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Table 3: In vivo effect of Berberis lyceum methanolic extract on cardiac enzymes in
doxorubicin-induced cardiotoxicity.

GROUPS GST MDA tGSH CAT
(uM/min/mg (uM/ g tissue) (mM/ g tissue) (uM/ g tissue)
protein)

CONTROL 0.068%+0.003 142+ 0.3 2.25+0.053 0.47+ 0.12

DOX 0.027£0.006* 38.01 £ 0.2# 0.54%0.024# 0.29 +0.13#

MEBL1200 0.075%0.075 14.13 + 0.30 2.28%+0.04 0.52 £0.145

MEBLA400 0.08+0.005 13.93 £ 0.25 2.33£0.073 0.53 + 0.096

DOX+MEBL200 0.052£0.001* 22.3 £ 0.46* 1.79%0.03* 0.37 £ 0.085*

DOX+MEBL400 0.056%+0.002* 18.76 £ 0.3* 1.98+0.03* 0.48 £ 0.160*

DOX+VIT-E 0.057%0.002* 18.4 + 0.34* 2.04 £0.006* 0.45+0.068*

Analysis was conducted between doxorubicin and the control group by using an unpaired t-test,
while analysis among all other groups was done by using one-way ANOVA followed
by Dunnett’s test. The values were expressed in Mean*SD (n=06) and *p<0.05 was considered

significant.

The GST specific activity in the cisplatin-treated group
was significantly (*p < 0.05) decreased (0.011 £ 0.01
umol/min/mg) than the control group (0.058 £ 0.01
umol/min/mg). The methanolic extract treated groups
(MEBL-200 and MEBIL-400) showed an insignificant
change in the GST activity as compared to the control.
The concurrent administration of the cisplatin and Ber-

beris lyceum methanolic extract significantly enhanced
GST activity as compared to the cisplatin-treated group.
For group 5 and group 06, an increase in the GST activi-
ty 0.043 + 0.01 umol/min/mg and 0.049 + 0.01 pmol/
min/mg was estimated, respectively. The parallel adminis-
tration of the cisplatin and vitamin E exhibited a marked
increase (0.055 £ 0.01 umol/min/mg) in the GST activity
(Table 4).
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Table 4: In vivo effect of Berberis lyceum methanolic extract on the brain enzymes in cisplatin-
induced neurotoxicity

Groups GST(uM/min/mg MDA tGSH CAT
protein) (uM/ g tissue) (mM/ g tissue) (uM/ g tissue)
Control 0.058+0.01 88.4£29 1.25£0.04 0.66 £ 0.02
Cisplatin 0.011£0.01# 183.9 £ 3.3# 0.48£0.06# 0.32£0.02#
MEBL200 0.06+0.01 84.4 £ 1.0 1.26£0.06 0.67 £0.01
MEBL400 0.061£0.01 83.7 £ 1.0 1.29£0.03 0.68 £0.02
Cisplatin 0.0431+0.01* 93.4£0.6* 0.98%0.1* 0.59% 0.01*
+MEBL200
Cisplatin 0.049£0.01* 91.4+0.4* 1.06£0.05* 0.61% 0.02*
+MEBL400
Cisplatin +VIT-E 0.055+0.01* 89.0+2.6* 1.21£0.05* 0.6410.03*

Analysis was conducted between doxorubicin and the control group by using an unpaired t-test,
while analysis among all other groups was done by using one-way ANOVA followed
by Dunnett’s test. The values were expressed in Mean*SD (n=6) and *p<0.05 was considered

significant.

Effect of Berberis lyceum methanolic extract on se-
rum tGSH (mmol/mg tissue) content

The current study outcomes have demonstrated that
the tGSH level in the doxorubicin-treated group was
significantly (*p < 0.05) decreased (0.54 £ 0.03 mmol/
mg) than thcontrol group (2.25 £ 0.053 mmol/mg). Bet-
beris lyceum methanolic extract groups (MEBL-200 and
MEBL-400) showed an insignificant change in the tGSH
level against the control. The concurrent administration
of the doxorubicin with different doses of Berberis ly-
ceum methanolic extract treated groups has significantly
increased the tGSH level over the doxorubicin-treated
group. For group 5 and group 6, the respective increase
of 1.79 £ 0.003 mmol/mg and 1.98 £ 0.03 mmol/mg
was seen and the results are shown in Table 3.

The tGSH level in the cisplatin-treated group was signifi-
cantly (*p < 0.05) decreased (0.48 = 0.06 mmol/mg) than
control group (1.25 £ 0.04 mmol/mg). Berberis lyceum
methanolic extract groups (MEBL-200 and MEBI-400)
have indicated an insignificant change in the tGSH level
as compared to control. The co-administration of the cis-
platin with different doses of Berberis lyceum methanolic
extract treated groups significantly increased the tGSH
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level against the cisplatin-treated group. For group 5 and
group 0, the respective increase 0.98 = 0.1 mmol/mg and
1.06 £ 0.05 mmol/mg tissue was estimated (Table 4).

Effect of Berberis lyceum methanolic extract on se-
rum CAT activity (umol of H2 O2 consumed/min/
mg protein)

The present investigation illustrated that the CAT activity
in the doxorubicin-treated group was significantly (*p <
0.05) decreased (0.287 £ 0.13 umol/min/mg) than the
control group (0.470 £ 0.12 umol/min/mg). Berberis ly-
ceum methanolic extract groups (MEBL-200 and MEBL-
400) showed an insignificant change in the CAT activity
as compared to the control. The parallel administration
of the doxorubicin and Berberis lyceum methanolic ex-
tract significantly (*p < 0.05) decreased the CAT activi-
ty in comparison to the doxorubicin-treated group. For
groups 5 and 6, the respective decrease in CAT activity
was 0.3691 + 0.085 pumol/min/mg and 0.484 £ 0.160
umol/min/mg. The concurrent administration of the
doxorubicin with vitamin E also exhibited a significant
decrease (0.447 £ 0.068 pmol/min/mg) in the CAT ac-
tivity when compared with the doxorubicin-treated group
(Table 3).
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The CAT activity in the cisplatin-treated group was sig-
nificantly (*p < 0.05) decreased (0.32 £ 0.02 umol/min/
mg) than the control group (0.66 £ 0.02 pmol/min/mg).
Berberis lyceum methanolic extract groups (MEBL-200
and MEBL-400) demonstrated an insignificant change in
CAT activity as compared to the control. The co-admin-
istration of the cisplatin and Berberis lyceum methanolic
extract treated groups significantly decreased the CAT
activity than the cisplatin-treated group. For group 5 and
group 0, the respective decrease was 0.59 + 0.01 umol/
min/mg and 0.61 * 0.02 umol/min/mg. The concomi-
tant administration of the cisplatin with vitamin E pro-
duced a significant decrease (0.64 + 0.03 pmol/min/mg)
in the CAT activity as compared to the cisplatin-treated

group (Table 4).

Effect of Berberis lyceum methanolic extract on se-
rum MDA content (umol/g tissue)

The study results manifested that the MDA level in the
doxorubicin-treated group was significantly (*p < 0.05)
increased (38.01 £ 0.2 umol/g) than the control group
(142 £ 0.3 umol/g). The methanolic extract groups
(MEBL-200 and MEBIL-400) showed an insignificant
change in the MDA level as compared to the control. The
concurrent administration of the doxorubicin with Ber-
beris lyceum methanolic extract significantly decreased
the MDA level in comparison to the doxorubicin treated
group. For groups 5 and 6, the MDA level dropped to
22.3 pmol/g + 0.46 and 18.76 + 0.3 umol/g, respectively.
The synchronous administration of the doxorubicin with
vitamin E also exhibited a significant decrease (18.4 %
0.34 pmol/g) in the MDA level as compared to the doxo-
rubicin-treated group (Table 3).

The MDA level in cisplatin-treated group was significant-
ly (*p < 0.05) increased (183.9 * 3.3 umol/g) than con-
trol group (88.4 * 2.9 umol/g). The methanolic extract
groups (MEBL-200 and MEBIL-400) showed an insignif-
icant change in the MDA level against the control. The
co-administration of the cisplatin with Berberis lyceum
methanolic extract significantly decreased the MDA level
as compared to the cisplatin-treated group. For group 5
and group 06, the respective decrease was 93.4 * 0.6 and
89 * 2.6 and the results are presented in Table 4.
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Histo-pathological examination of heart and brain
tissues

The histopathological examination of the control (nos-
mal) heart tissue showed the normal architecture of myo-
cardiocytes like well-arranged fibers and nucleus with no
vacuolization (Figure 3A). In the doxorubicin-treated
group (20 mg/ kg), severely degenerated myocardiocytes
were noticed with vacuolization of cytoplasm, loss of nu-
clei, sarcoplasm fragmentation, increased infiltration, co-
agulated necrosis of cardiac cells, and vascular congestion
(Figure 3B). MEBL-200 mg/ kg and MEBL-400 mg/ kg
treated groups exhibited histology similar to the control
(Figures 3C and 3D). In Berberis lyceum methanolic ex-
tract (200 mg/kg) co-administered with the doxorubicin,
the morphological observation of cardiac tissue showed
an adequate degeneration of myocytes, moderate vacu-
olization of cytoplasm, pyknotic nuclei, less necrosis,
and vascular congestion (Figure 3E). In Berberis lyceum
methanolic extract (400 mg/kg) co-administered with
the doxorubicin, morphological study of cardiac tissue
illustrated a moderate degeneration of myocytes with
less vacuolated cytoplasm and pyknotic nuclei. Further,
remnants of necrosis along with little vascular conges-
tion were present (Figure 3F). Vitamin E co-administered
with <="" span="" style="font-family: "Times New Ro-
man";">doxorubicin manifested a moderate degenera-
tion of myocytes with few cytoplasmic vacuolization and
pyknotic nuclei. The remnants of necrosis and little con-
gestion were also noticed. However, decreased infiltration
of inflammatory cells was examined as well (Figure 3G).
The histopathological analysis of the methanol extract at
two doses (200 and 400 mg/ kg) showed improved mot-
phology of the brain tissue, which was damaged due to
the cisplatin administration as shown in Figures 4A and
4B. Moreover, the methanolic extract prevented the for-
mation of pyknotic nuclei with the reduced vacuolization
of neurons as illustrated in Figures 4C, 4D, 4E, and 4L,
respectively. The study outcome has confirmed that both
methanolic extract (200 and 400 mg/kg) have the poten-
tial to reverse the neurotoxicity caused by the anticancer
drug;
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Figure 3: H&E stained light photomicrograph of rat heart treated by Berberis lyceum methanolic extract treated
groups, 20X magnification. A: Control heart, Al: normal nuclei, A2: well-formed fibers, B: Doxorubicin (20 mg/kg
BW) treated group, B1: vacuolization, B2: pyknotic nuclei, B3: vascular congestion, B4: coagulative necrosis, B5: hem-
orthage, C: MEBL (200 mg/ kg BW), D: MEBL (400 mg/kg BW), E: DOX + MEBL (200 mg/kg BW), E1: vascular
congestion, F: DOX + MEBL (400 mg/kg BW), F1: hemorrhage, G: DOX + vit-E (100 mg/kg BW), G1: pyknotic

nucleu.
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Figure 4: H&E stained light photomicrograph of rat brain treated by Berberis lyceum methanolic extract treated groups,
20X magnification. A: control brain, B: cisplatin (4 mg/kg BW), B1: liquefactive necrosis, B2: inflammatory cells, B3: vac-
uolization, C: MEBL (200 mg/kg BW), D: MEBL (400 mg/kg BW), D1: well formed nuclei, E: cisplatin + (MEBL 200
mg/kg BW), Feisplatin + MEBL (400 mg/kg BW).
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Table 5: Histopathological scoring of cardiac tissue (Transverse sections) of rat in Doxorubicin

induced cardiotoxicity

Groups Vacuolization | Pyknotic Vascular Coagulative | Hemorrh
nuclei congestion | necrosis

Control - - - - -

DOX +++ +++ +++ +++ +++

MEBL200 - - - - -

MEBIL400 - - - - -

DOX+MEBL200 | - - + - .

DOX+MEBL400 | - - - - +

DOX+VIT-E - + - - -

Sign - indicates absence of effect while +, ++ and +++ indicate mild, moderate and marked

effect, respectively.

Table 6: Histopathological scoring of brain tissue (Transverse sections) of rat in Cisplatin

induced neurotoxocity

Groups Liquefactive Inflammatory | Vacuolization
necrosis cells

Control _ _ —

Cisplatin +++ +++ +++

MEBL200 _ _ —

MEBLA400 _ _ _

Cisplatin + _ —

+MEBL200

Cisplatin + _ _

+MEBL400

Sign - indicates absence of effect while +, ++ and +++ indicate mild, moderate and marked

effect, respectively.

Discussion

Doxorubicin-induced cardiotoxicity and cisplatin-in-
duced neurotoxicity are foremost challenges for the cur-
rent chemotherapy practices and need to be addressed on
an urgent basis. Doxorubicin is one of the widely pre-
scribed broad-spectrum anti-cancer drugs. Doxorubicin
causes sevetre cardiotoxicity that limits its clinical use.”
Doxorubicin induces cardiotoxicity due to the formation
of free radicals and oxidative stress. Doxorubicin alters
the serum enzymes level (ALT, AST, LDH and CK) and
also produces marked morphological changes in cardi-
ac tissue including necrosis, intravascular hemolysis, and
congestion of the vessels.” Likewise, cisplatin is widely
used to treat cancer patients and induces neurotoxicity as
a side effect.’® Many studies have demonstratedthat cis-
platin causes brain damage via several mechanisms, i.c.
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increase lipid peroxidation, amplify the formation of free

radicals and elevate the MDA level.*®

Globally, medicinal plants are used to treat numerous

acute and chronic illnesses because these are considered

safe, effective, easily accessible, and inexpensive source
36 37

of therapy.”™,
is indigenous to India and Pakistan. It contains valuable

Berberis lyceum is a medicinal plant that

bioactive chemicals and widely used to treat many disot-
ders, i.e. diarrhea, inflammation, diabetes, gingivitis, jaun-
dice, and ophthalmic disorders. It has strong antioxidant
properties and quite beneficial in reducing the generation
of free radicals. In this study, the pre-treatment of rats
with the Berberis lyceum methanolic extract can mitigate
doxorubicin and cisplatin-induced oxidative stress and
prevent cardio and neurotoxicity. Since antioxidants can
decrease oxidative stress by impeding the progression
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of reactive species production and lowering lipid perox-
idation, this fact may be taken as a promising aspect by
which Berberis lyceum defenses against unwanted side
effects related to doxorubicin and cisplatin.'>***

In the present investigation, it is proved that the admin-
istration of Berberis lyceum root bark methanolic extract
can improve or reverse the doxorubicin-induced and cis-
platin-induced changes. Farlier studies have confirmed
that the release of ALT, AST, LDH, CK, and CK-MB
will increase from myocardial tissues with doxorubicin
use. These enzymes are valuable tools to assess doxoru-
bicin-induced myocardial toxicity. This study found that
the tissue levels of ALT, AST, LDH, CK, and CK-MB
were increased in doxorubicin-treated rats, and pre-treat-
ment with Berberis lyceum root bark methanolic extract
significantly decreased the levels of these enzymes.* Fur-
ther, doxorubicin and cisplatin considerably reduce the
total protein content, GST specific activity, tGSH con-
tent, and CAT activity. In addition, doxorubicin and cis-
platin appreciably (*p < 0.05) elevated the level of MDA.
Berberis lyceum root bark methanolic extract significant-
ly augmented the total protein content, GST specific ac-
tivity, tGSH level and CAT activity when administered
with anticancer drugs, and MDA level was considerably
reduced.*!

The histopathological examination of the heart and brain
tissues revealed that doxorubicin and cisplatin both caused
the damage of tissue morphology and resulted in cellu-
lar death. The histopathological evaluation of methano-
lic extract treated showed marked improvement in both
organ tissues with moderate to mild degeneration. The
results have demonstrated that the response of metha-
nolic extract against anticancer drugs induced toxicity is
dose-dependent as evident by improving enzymes level
and tissue histopathology, i.e. mild protection is attained
ata dose of 200 mg/kg while a significant defense against
toxicity is achieved at an effective dose of 400 mg/kg.*>*
The plant phytochemicals are responsible for the protec-
tive effects against cardio and neurotoxicity induced by
the chemotherapeutic agents. These phytochemicals can
shield without decreasing the efficacy of synthetic drugs
(doxorubicin and cisplatin) and are safe to use for a longer
petiod.*** This study manifested, that Berberis lyceum is
enriched with various phytochemicals such as flavonoids,
polyphenols, saponins, and alkaloids. In a previous inves-
tigation, HPLC-UV characterization was performed on
the plant root extract, and the presence of many chem-
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ical compounds (quercetin, chlorogenic acid, berberine,
rutin, mandelic acid, and hydroxybenzoic acid) was re-
ported. The chemical characterization of Berberis lyceum
was also done by NMR and many important compounds
were identified, such as berberine, B3-sitosterol, 4-methyl,
7-hydroxy coumarin, and butyl-3-hydroxypropyl-phthal-
ate. The generation of free radicals led to oxidative stress,
which is a possible mechanism behind the induction of
cardiotoxicity and neurotoxicity. These phytochemicals
reduce oxidative stress by suppressing the generation of
free radicals and hence protect against harmful effects of
the anticancer drug.* Additionally, doxorubicin and cis-
platin are extensively metabolized in the liver and cause
hepatotoxicity which is a serious side effect and frequent-
ly leads to stop therapy in cancer patients. Earlier experi-
ments have proved that Berberis lyceum protects against
hepatotoxicity by bringing the liver enzymes to their nor-
mal levels.*” Berberine which is an alkaloid present in this
plant has the promising effect to reduce oxidative stress
and proven beneficial against drug-induced liver toxicity.*
A study demonstrated that berberine possesses in vivo
anti-inflammatory activity and inhibits the activity of ac-
tivator protein 1, which triggers inflammatory cytokines
such as interleukin-6. Many studies have documented
that berberine is extremely target-specific with meager
cytotoxicity on normal cells. It has tremendous ability
to stop cell cycle at G1 phase specifically in tumor cells
at lower concentration while arrest cell cycle at G2/M
phase at higher concentration and stimulating apoptosis.
The co-administration of berberine and anticancer drugs
not only reduces cytotoxic effects of chemotherapeutic
agents but also improves their therapeutic efficacy.*
However, further studies are required to translate Ber-
beris lyceum protective mechanism, safety, and practical
implications in clinical use.

Conclusion

Berberis lyceum exhibited significant cardio and neuro-
protection against anticancer drugs. The protective activ-
ity can be related to the plant antioxidant potential and
its membrane-stabilizing effect by reducing lipid perox-
idation. It is suggested that further research on Berberis
lyceum Royle should be carried out to develop new and
effective therapeutic agents to treat toxicity induced by
anticancer drugs.
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