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Introduction: Synergy is defined as an interaction of some substances that cooperate to
give rise to the combined effect greater than the sum of their individual effects. It is a natural
strategy that has evolved by nature to more efficacy with low cost.

Methods: This study is designed to evaluate the chemopreventive effect of a combined drug
sample which is prepared by mixing an equal portion of stigmasterol and palmatine isolated
from Azadirachta indica and Tinospora cordifolia respectively at a concentration of 100 mg/
kg and 200 mg/kg body weight during the whole concentration.

Results: At the end of the study, it was found that this combined drug sample decreased the
number of tumors and their size. This drug significantly reduced the serum level of glutamate
pyruvate transaminase, alkaline phosphatase, glutamate oxalate transaminase, and bilirubin
and enhanced the level of oxidative enzyme level of glutathione, superoxide dismutase, and
catalase, and inhibit the level of lipid peroxides.

Discussion: The result suggests that combined drug samples exhibit a chemopreventive
effect which is better than the effect of individual drugs (stigmasterol and palmatine).
Keywords: synergistic effect, anticancer, palmatine, stigmasterol, Swiss albino mice

Introduction

Synergism plays a key role in the therapeutic efficacy of herbal medicine and its
formulation. It is presumed to occur if the active concentration of ingredients in the
combination is considerably reduced or the effects of ingredients in combination are
considerably increased concerning that of each distinct ingredient. This cannot be
easily well known from additive effects and commonly rely on high limits of
deviation." The mechanism of action of various herbal medicines is still unidenti-
fied and there are several examples of a total herb extract screening an enhanced
effect than the same dose of an isolated compound.” It will possibly implicate
a comprehensively new line, for instance by examining mechanisms using new
molecular biology methods for the isolated ingredients individually and in combi-
nation, which is already described by Wagner.? In this admiration, we are only at
the creation of a remarkable novel study, which must shed light on how exactly
these therapies effort and finally consequence in condensed side effects and an
improved therapeutic accomplishment.* Overall, synergistic effects are measured to
be constructive, with the low doses used supposed as a value, even though it is

noticeable that there may also be undesirable features.’
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The advance to repress the progression of carcinogen by
the herbally occurring agent is promising because this
approach has been valuable against the high incidence of
low survival rate of most of the cancers. In this regard, the
naturally occurring compounds such as alkaloids, flavones,
retinoids, antioxidants, etc. inspired by persons are getting
more and more awareness.® The drug obtained from differ-
ent medicinal herbs is used to prove several pharmacological
applications. At the recent time scientist intended to deter-
mine new drugs from higher plants lead to the improvement
of drugs like reserpine, which is isolated from Rauwolfia
serpentina used for the medication of hypertension and
various other medical problem like insomnia. Vinblastine
and vincristine, obtained from Catharanthus roseus by using
different isolation methods have been used for the preven-
tion of various diseases like cancer. These isolated drugs
were found to be alkaloids from their structure. Thus, isola-
tion, purification, and structural elucidation of the active
chemical constituent will give much stress to the biological
significance of medicinal plants.” Alkaloids and many other
chemical compounds such as flavonoids, tannin, saponin,
phytosterols, etc. isolated from different medicinal plants
are used for the treatment of various diseases like cancer
and many more.®

In traditional medications methods, combinations of
plants are practiced instead of single species and so the
condition is even further difficult, even though very simi-
lar perceptions of synergy relate, that is a blend of the dual
or more species contributes an improved result than either
species on its individual. “Triphala” is a distinguished
polyherbal preparation (Churna) in ISM mainly in
Ayurveda meanwhile early period, used for various ther-
apeutic resolutions.” This preparation was organized as
powdered preparation, in the permutation of parched fruits
Emblica  officinalis,
Terminalia chebula, in the same ratio as defined in the

of  Terminalia bellirica, and
Ayurvedic Formulary of India (AFI). Traditionally, this
formulation has been given as first-line prevention for
various diseases such as a laxative in the detoxifying
agent of the colon, food digestive problems, chronic con-
stipation and rejuvenator of the body, etc.'® The above-
mentioned three fruits were varied based on their rich
polyphenol portion present therein and combined as
a formulation which is the established example of the
synergistic combination.

The current research is an effort to recognize the
synergistic effect of isolated palmatine from Tinospora

cordifolia and stigmasterol from Azadirachta indica for
anticancer activity.

Materials and Methods
Extraction, Isolation, and Preparation of
Combined Drug

Extraction and isolation of palmatine from stem part of
Tinospora cordifolia and stigmasterol from the dried
leaves of Azadirachta indica by the method which was
already mentioned in our previous studies. After this, an
equal quantity of isolated palmatine and stigmasterol were
mixed manually to prepare a combined drug sample.

Chemicals, Instruments, and Animals
Chemicals

Croton oil (Sigma-Aldrich), 7, 12-dimethylbenz [a] anthra-
cene, ie, DMBA (Sigma-Aldrich), Ethylene diamine tetra-
acetic acid ie EDTA (Merck), Nitroblue tetrazolium, ie, NBT
(S.D. fine chem. Ltd.), Phenazine methosulphate, ie, PMS
(Himedia lab.), Thiobarbituric acid, ie, TBA (Merck) and
Trichloroacetic acid, ie, TCA (Merck). Serum biochemical
estimation kits (Span Diagnostics Ltd.). All other chemicals/
reagents used were of analytical grade from a reputed firm.

Instruments
UV-spectrophotometer (EI 2375  Double Beam
Spectrophotometer), Incubator (Scientech, SE-128),

Autoanalyser (Star 21 plus), and Tissue Homogenizer
(REMI, RQ-124A) were used.

Animals

Swiss albino mice of either sex were carefully chosen
stock at the
Biomedical Research Institute, Bhopal. The animals were

casually from the animal Pinnacle
kept in polypropylene cages with sterile husk and had
access to standard pellets and water ad libitum during the
investigation. The animals were preserved on a 12-hour
light/dark cycle at 22°C+2°C in an organized environment.
All protocols and experiments of the study were done
under the Institute Experimental Animal Care Committee
at Pinnacle Biomedical Research Institute and tests were
accomplished with the preceding approval of the institu-
tional animal ethics committee at Pinnacle Biomedical
Research Institute, Bhopal (1283/C/09/CPCSEA).

Determination of Acute Drug Toxicity
This study is needed before the pharmacological screening
of animals. The acute oral toxicity study was carried out
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according to the OECD (Organization for Economic
Cooperation and Development) 425 guideline which is
based on a stepwise procedure with the use of
a minimum number of animals per step. The absence or
presence of compound-related mortality of the animal’s
dose at one step will determine the next step.

Healthy, young Swiss albino mice of either sex (26-30
g) were used for this study. This study was performed on
mice using different doses of combined drug samples (200,
400, 600, 800, and 1000 mg/kg) orally on ten mice.
Animals were observed individually at least once during
the first 30 minutes after dosing, periodically during the
first 24 hours (with special attention given during the first
4 hours) and daily thereafter for a total of 14 days for any
sign of alertness, visual placing, passivity, grooming, rest-
lessness, irritability, fearfulness, spontaneous activity,
reactivity, tremor, gait, grip strength, pinna, and corneal
reflex, touches, pain and startle responses, writhing, defe-
cation, urination, pile erection, heart rate, and respiratory
rate. No animal was found to be dead through this toxicity
experiment. Now 1/5th and 1/10th of the maximum toler-
ated safe dose was selected for combined drug sample as
treatment dose for further pharmacological activity.

Determination of the Synergistic Effect of
Combined Drug Sample on DMBA and

Croton Qil-Induced Skin Carcinogenesis
Four different groups of six animals each were taken.
Animals of Group I were treated with Milli-Q water
(10mL/kg body weight) and tap water ad libitum with
a normal diet daily. At the end of the experiment, this
Group I was considered a normal control group. Animals
of groups II, III, and IV were treated with a single dose of
DMBA over the shaven area of the skin of the animals
(dorsally shaved with hair clipper). Two weeks later,
Croton oil was applied to the skin of animals as
a promoter 3 times per week until the end of the experi-
ment. Group II was considered the carcinogen control
group. The combined drug sample which is prepared
above was administered orally with the dose of 100mg/
kg and 200 mg/kg body weight in the animals of group III
and IV, respectively, thrice a week until the end of the
experiment (ie, 16 weeks). During the 16 weeks of experi-
mentation, animals of all the groups were observed daily
and carefully examined once per week for the weight of
animals, number of papillomas, the diameter of the tumor,
and average latency period.

Determination of the Synergistic Effect of
Combined Drug Sample on Enzymes

Involved in Oxidative Stress

Tissue Homogenate Preparation

After the collection of blood samples the animals of all the
groups were sacrificed by cervical dislocation. The dorsal
skin affected by tumors was quickly excised and washed
thoroughly with chilled saline. It was then weighed and
blotted dry. Tissue homogenate was prepared from part of
the sample (skin) in Tris-HCI and the homogenate was
then centrifuged for 15 minutes. The supernatant thus
obtained was taken for estimation of the following tissue
biochemical markers.

Lipid Peroxidation (LPO)

The level of LPO was estimated using the method of
Ohkawa et al. Briefly, the tissues were homogenized in
0.1 M phosphate buffer pH 7.4 with a Teflon glass homo-
genizer. In this homogenate, lipid peroxidation was deter-
mined by measuring the amounts of malondialdehyde
(MDA) produced primarily. 0.2 mL of tissue homogenate,
0.2 mL of 8.1% of sodium dodecyl sulfate (SDS), 1.5 mL
of 20% acetic acid, and 1.5 mL of 8% TBA were added.
The volume of the mixture was made up of 4 mL with
distilled water and then heated at 95°C on a water bath for
60 min using a glass ball as a condenser. After incubation,
tubes were cooled to room temperature and the final
volume was made to 5 mL in each tube. 5 mL of butanol:
pyridine (15:1) mixture was added and the contents were
vortexed thoroughly for 2 min. After centrifugation at
3000 rpm for 10 min, the upper organic layer was taken
and its optical density (OD) reads at 532 nm against an
appropriate blank without the sample. The level of lipid
peroxides was expressed as n moles of thiobarbituric acid
reactive substances (TBARS)/mg protein using an extinc-
tion coefficient of 1.56x105 mol.L-1/cm.""

Reduced Glutathione (GSH)

The level of GSH was estimated using the method of
Sapakal et al. Tissue homogenate was prepared. 0.1
M phosphate buffer 7.4 pH, 0.2 mL of homogenate,
0.2 mL of 20% TCA and 0.2 mL of 1 mM EDTA was
taken; then, it was set aside for 5 min and was centrifuged
for 10 min at 2000 rpm supernatant, 200 uL. was taken and
transferred to a new tube and then 1.8 mL of Ellman’s
reagent [5,5-dithio bis 2- nitrobenzoic acid (0.1 mL) pre-
pared in 0.3 M phosphate buffer, pH 7 with 1% sodium
citrate solution] was added. Volume was made up to 2 mL
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with distilled water; then, OD was taken at 412 nm (water as
a blank). The result was expressed as in mM/mg of

protein.'*!?

Catalase (CAT)

The CAT was assayed by the method of Aebi. 100 pL of
supernatant was added to the cuvette containing 1.9 mL of 50
mM phosphate buffer (pH 7.0). The reaction was started by the
addition of 1.0 mL of freshly prepared 30 mM H202.
A decrease in absorbance was read at 240 nm for 3 min at an
interval of 30 sec. The activity was calculated using an extinc-
tion coefficient of H202 0.041 micromole/cm2. Results were
expressed as a micromole of H202 utilized/min/gm tissue. The
rate of decomposition of H202 was measured spectrophoto-

metrically by changes in absorbance at 240 nm.'*

Superoxide Dismutase (SOD)

The SOD was assayed by the method of Sapakal et al 10% w/v
of tissue homogenate in 0.15 M Tris HCI or 0.1 M phosphate
buffer was prepared and centrifuged at 15,000 rpm for 15 min
at 4 oC then 0.1 mL of supernatant, 1.2 mL sodium pyropho-
sphate buffer (pH 8.3, 0.052 M), 0.1 mL phenazine methosul-
phate (186 uM), 0.3 mL of 300 uM nitro blue tetrazolium
(NBT), 0.2 mL NADH (750 uM) was taken and incubated at
300C for 90 sec then 0.1 mL of glacial acetic acid was added.
Stirred with 4 mL of n-butanol. Allowed to stand for 10 min.
Centrifuge and then separate butanol layer and then OD were
taken at 560 nm (butanol as a blank). The result was expressed
in terms of % inhibition of NBT."?

Determination of the Synergistic Effect of
Combined Drug Sample on Serum

Enzyme Analysis

Blood was obtained from all animals by puncturing the
retro-orbital plexus. The blood samples were collected in
a fresh Eppendorf and allowed to clot for 45 min at room
temperature. Serum was separated by centrifugation at
7000 rpm at 40 C for 15 min and used the serum for the
estimation of various biochemical parameters, namely
Serum Glutamic Oxaloacetic Transaminase (SGOT),
Serum Glutamic Pyruvic Transaminase (SGPT), Alkaline
Phosphatase (ALP), Serum bilirubin.

Aspartate Aminotransferase (AST)/Serum

Glutamic Oxaloacetic Transaminase (SGOT)
Method: Modified IFCC method

Principle: Optimized UV-test according to the IFCC

(International Federation of Clinical Chemistry &

Laboratory Medicine) [modified].

L-Aspartate + a-Ketoglutarate

AST
——L-Glutamate 4+ Oxaloacetate

Oxaloacetate + NADH + H+ i L-Malate + NAD +

Working reagent: For 1 mL of working reagent mix 800 uL
of Reagent 1 (Tris-buffer pH 7.8, L-Aspartate, MDH, LD)
and 200 pL of Reagent 2 (a-ketoglutaric acid, NADH).

Test procedure: Mix 100 pL sample in 1000 uL work-
ing reagent then read absorbance after 1 minute and start
the stopwatch. Read absorbance again after 1, 2, and 3
minutes at 37°C.

Calculation: AA/min X Factor = AST activity (U/L).

Alanine Aminotransferase (ALT)/Serum

Glutamic Pyruvic Transaminase (SGPT)
Method: Modified IFCC method

Principle: Optimized UV-test according to the IFCC
(International Federation of Clinical Chemistry &

Laboratory Medicine) [modified].

L-Alanine + a-Ketoglutarate 211 Glutamate + Pyurvate

Pyurvate + NADH + H+ PRy Lactate + NAD +

Test procedure: Mix 100 pL sample in 1000 uL working
reagent and then read the absorbance after 1 minute and
start the stopwatch. Read absorbance again after 1, 2, and
3 minutes at 37°C.

Calculation: AA/min X Factor = ALT activity (U/L).

Alkaline Phosphatase (ALP)
Method: pNNP-AMP (IFCC), Kinetic Assay

Principle: At pH 10.3, Alkaline Phosphatase (ALP)
catalyzes the hydrolysis of colorless p-Nitrophenyl
Phosphatase (pNNP) to yellow-colored p-Nitrophenol
Phosphatase. Change in absorbance due to yellow color
formation is measured kinetically at 405 nm and is propor-
tional to ALP activity in the Sample.

Working reagent: Prepare “Working Reagent” by
reconstituting one vial of Reagent 2 (pNNP Substrate)
with Reagent 1 (AMP Buffer) as mentioned below, dis-
solve properly by gentle swirling. 1 vial of Reagent 2 +
1.2 mL of Reagent 1
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Procedure: Mix 20 pL serum in 1000 pL working ALP
Reagent and separate immediately for measurement.

Programmed the analyzer as per assay parameters.

1. Blank the analyzer with purified water.

2. Read absorbance after 30 seconds. Repeat the read-
ing after every 30 seconds, ie, up to 120 seconds at 405 nm
wavelength.

3. Determine the mean absorbance change per minute
(AA/minute).

Calculation: ALP activity (IU/L) = AA/minute X
Kinetic factor.

where AA/minute = Change in absorbance per minute.

Kinetic factor (K) = 2712.

Total Bilirubin
Principle: Total bilirubin in serum is determined using
Jendrassik and Grof method by coupling with diazotized
sulfanilic acid after addition of caffeine, sodium benzoate,
and sodium acetate. A blue azobilirubin is formed in alkaline
Fehling solution II, which is measured photometrically.

Working reagent: Mix Reagent 1 and Reagent 2 in the
ratio 4+1 (eg, 400uL of sulfanilic acid solution and 100puL
of sodium nitrite solution) to make a diazo solution. The
mixing ratio should be observed exactly. Always use
freshly prepared diazo solution.

Method: Jendrassik and Grof method

Procedure: Performed according to the procedure given
below in Table 1.

Calculation:
Ax10.3 mg/dl

Total bilirubin  concentration =

Statistical Analysis
Values are recorded as mean+SD. The data obtained from
different groups were analyzed by One Way ANOVA

Table | Procedure of Total Bilirubin

using Bonferroni-test of multiple comparisons. The value
P < 0.05 was considered statistically significant for all
conducting experiments. Primer of Biostatistics software
was used.

Histological Study

At the end of the experiment, animals were sacrificed and
fresh portions of the skin from each animal were cut
rapidly, fixed in neutral buffered formalin (10%), then
dehydrated using different grades of ethanol (70%, 80%,
90%, 95%, and 100%). Dehydration was followed by
clearing the samples in two changes of xylene. The sam-
ples were then impregnated with two changes of molten
paraffin wax, embedded and blocked out. The tissue sec-
tions (4-5 pum) were stained according to the method
described by Bancroft and Stevens using conventional
histologic stains.'* Stained sections of the carcinogen con-
trol and treated mice were observed and photographs were
taken using an optical microscope (Olympus, Tokyo,
Japan) for alterations in architecture and the presence of
degeneration, necrosis in the skin.

Results
Acute Toxicity Study

Observation of acute toxicity studies is mentioned in
Table 2.

Tumor Parameter

A gradual decrease in body weight was observed in all
animals of the different group’s Table 3. Animals of
drug-treated groups gave a continuous treatment of com-
bined drug sample orally as mentioned above, along
with the repeated application of Croton oil and showed
a significant reduction in the cumulative number of
papillomas and tumor diameter as compared to the

Pipette into Tube Marked Sample Blank Sample Table 2 Observation of Acute Toxicity Study of Combine Drug
Sample

Diazo solution - 100uL

Dose Observations
Sulfanilic acid 100uL - (mglkg) o

roup Ill (Dose of Group IV (Dose of

Accelerator SOOHL SOOHL 100 mglkg) 200 mglkg)
Serum 100uL 100uL 200 00000 00000
Mix and incubate for 30 min. at 37°C 400 00000 00000

600 00000 00000
Fehling Solution Il 500uL 500uL 800 00000 00000
Mix and incubate for |5 min. at 37 °C. Read absorbance against the 1000 00000 00000
sample blank. LDsg >1000 mg/kg >1000 mg/kg
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Table 3 Chemopreventive Effect of Combined Drug Sample Against Skin Carcinogenesis Induced by DMBA and Croton QOil in Mice

Treatment Body Weight (gm) Papillomas (n) Tumor Size (mm) Average Latency Period*
Initial Final

Group | (normal control) 38.12+4.23 37.56+5.43

Group Il (carcinogen control) 26.26+2.16 22.75%11.24 10.16+5.03 2.06+0.37 10.10+5.17

Group Il (treated 100 mg/kg) 28.23+2.34 23.80£13.23 1.09+0.77 0.58+0.20 18.59+0.72

Group IV (treated 200kg/kg) 27.56%2.12 22.87£11.65 0.65+0.28 0.24+0.05 19.96+0.89

Notes: *Average latency period: is X fx/n; f is the number of papillomas appearing every week; x is the number of weeks; n is the total number of papillomas.

treated carcinogen control group Table 3 and Figure 1.
The latency period was found to be 10.10 + 5.17 weeks
in the carcinogens treated control group, whereas it was
significantly increased in drug-treated groups. Combined
drug sample treated groups showed much better results
than the groups treated with the individual isolated drug.
The results of both isolated palmatine and stigmasterol

were already mentioned in our previous research.'>'°

Biochemical Investigation of Enzymatic
Activity

The level of lipid peroxidation significantly increased in
the DMBA and Croton oil-treated carcinogen control
group as compared with the normal control group
Table 4. A significant decrease in the level was observed

in the drug-treated groups, as compared to the carcino-
gen control group. The level of reduced glutathione,
superoxide and catalase was significantly decreased in
the DMBA and Croton oil-treated carcinogen control
group as compared with a normal control group.
A significant increase in the level was observed in the
drug-treated groups as compared to the carcinogen con-
trol group Table 4. Application of DMBA and Croton
oil to mice caused damage to the liver, due to their
systematic circulations which
of SGOT, SGPT, ALP,
Bilirubin in the carcinogen control group. The level of
SGPT, SGOT, ALP, and Bilirubin was found to be
significantly decreased in drug-treated groups as com-

availability in the

increased the level and

pared to the carcinogen control group Table 5.

D

Figure | Combine drug sample-induced reduction of tumor in animals: (A) group |: animals treated with water, (B) group 2: animal treated with water, DMBA and Croton
oil and examination were made at the end of the experiment, (C) animals treated with DMBA + Croton oil and infusion of a combination drug sample, (D) animal treated
with DMBA and Croton oil and infusion of combine drug sample with the increased concentration.
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Table 4 Effect of Combined Drug Sample on Oxidative Enzyme Levels

Treatment GSH pmol/mg Protein | SOD pymol/mg Protein | Catalase U/mg Protein | LPO nmol/mg Protein
Group | (normal control) 24.28+1.60% 74.42+2.06* 36.60+1.72% |.82+0.86*

Group Il (carcinogen control) | 11.02+0.96 59.59+2.15 8.97+1.07 4.82+1.71

Group Il (treated 100 mg/kg) | 36.15£0.41* 90.03£1.61* 46.23%1.18* 1.02+0.51*

Group IV (treated 200kg/kg) | 38.02+0.71* 92.02+2.12% 49.11£1.23*% 0.98+0.56*

Notes: Each value is the mean * standard error of duplicate experiments. *P < 0.05 vs control.
Abbreviations: GSH, glutathione; SOD, super oxidase dismutase; LPO, lipid peroxidase.

Table 5 Effect of Combined Drug Sample on Serum Enzymes and Bilirubin Levels in Treated Groups

Treatment AST IU/L ALT IU/L ALP IU/L Bilirubin mg/dL
Group | (normal control) 58.33+1.47* 34.45+|.75* 30.29+0.73* 1.12£0.03*
Group Il (carcinogen control) 162.73+6.33 149.06+4.6 231.52+9.03 5.56%1.53

Group Il (treated 100 mg/kg) 79.45+2.23% 46.54+1.09* 50.61+4.21* 1.89£0.68*
Group IV (treated 200 mg/kg) 70.32+1.89* 38.78+0.65* 42.4945.63* 1.21£0.12*

Notes: Each value is the mean * standard error of duplicate experiments. *P < 0.05 vs control.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase.

Histopathology

Normally, skin epidermis of mice contains three cell layers
and small inter-follicular regions in the skin and it has no
rete ridges (Figure 2A). We found no change in Group 1:
animals received a normal diet on the other had papilloma
with signs of an abnormal architecture of the epidermal
layer and irregular proliferation of stratum spinosum cells,
with abnormal thickening of the stratum corneum and

stratum spinosum was observed in Group 2: animals with

topical exposure of DMBA and croton oil (Figure 2B). On
the other hand, the epidermal damage was repaired in
animals treated with DMBA + croton oil and infusion of
a combination drug sample (Figure 2C), and repairing of
skin epidermal damage increased as drug concentration
increased (Figure 2D). Most importantly, the results of
skin carcinogenesis and enzymatic activity of combined
drug sample treated groups were much better than the
groups treated with the individual isolated stigmasterol

Figure 2 Light of microphotographs of crossed sections of animals skin (A) Group |: animals received a normal diet, (B) Group 2: animals with topical exposure of DMBA
and croton oil, (C) Group 3: animals with topical exposure of DMBA+ croton oil and an oral dose of 100 mg/kg combine drug sample and (D) Group 4: animals with topical
exposure of DMBA+ croton oil and an oral dose of 200 mg/kg combine drug sample.
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and palmatine drugs. The results of these individual drug-
treated groups were already mentioned in our earlier

research.!>!1¢

Discussion

The present investigation was carried out to discover the antic-
ancer potential of combined drug samples against skin cancer
using a two-stage carcinogenesis model which has been
achieved. Treatment of cancer is still an obstacle for the med-
ical consultant. Epidemiological evidence recommends that
alimentary features play a significant role in social health and
the cure of certain chronic diseases as well as cancer. Synergy
is a procedure in which some constituents collaborate to the
extent of a combined effect that is more than the sum of their
separate effects. It is a natural approach that has been devel-
oped by nature to obtain more efficiency at a low price.
Synergistic effects may be perceived in the interaction between
herbal medicine and conventional drugs or phytochemical
compounds.*

Bahmani et al evaluated the synergistic effect of hydroal-
coholic extracts of Origanum vulgare and Hypericum perfor-
atum against the antibacterial activity. They also reported that
a combination of their active components, carvacrol, and
hypericin also strengthen the activity against Staphylococcus
aureus."” Some studies mentioned that a combination of dif-
ferent essential oils with antibiotics showed a synergistic effect
against bacteria.'® Screening of extracts from Cucumis myrio-
carpus, Ekebergia capensis, Protea caffra, Bolusanthus spe-
ciosus, Prunus Africana, Searsia lancea, and Solanum

panduriforme for antigonococcal activity using agar disk dif-
indicated that
a combination of these extracts shows a synergistic effect
with different
antibiotics.'® Shareef et al studied the synergistic effect of

fusion method. Vambe et al finding
against Gram-negative bacterial strains

methanol extract Lawsonia inermis, ethanol extract of Punica
granatum, the volatile oil of Sesamum indicum, and Arachis
hypogaea against Gram-positive and Gram-negative
bacteria.”® The interaction between the methanol extract of
Ziziphus mucronata and antibiotics against bacteria enhanced
the antibacterial activity.?' One of the studies of Wess et al
reported that a combination of four drugs (axitinib, erlotinib,
dasatinib, and AZD4547) was significantly more potent for
cancer treatment than monotherapies of all single drugs.** The
experimental results of Chen et al's study confirmed that both
in vitro and in vivo the sequential release of cisplatin and
norcantharidin was attained by the combination of coordina-
tion connections and hydrolyzable ester bond with synergistic
efficiency of cancer prevention.”

The isobole method is the most convenient and experimen-
tally suitable method of evaluating synergistic effects. This
method involves three different isobole curves; No interaction
curve (this is an additive straight line curve in which the effect
of two compounds are the simple sum of the single effects,
which means they do not interact), synergistic curve (this is the
concave-shaped curve which shows synergistic effect where
the effects of two compounds are more than the simple sum of
the single effects when the two compounds are given together),

antagonistic curve (this is convex shape curve which is

Antagonism

Figure 3 Representation of isobole method.

4050

Dove!

Drug Design, Development and Therapy 2021:15


https://www.dovepress.com
https://www.dovepress.com

Dove

Aljarba et al

opposite of the synergistic effect that is the effects of two
compounds are less than the simple sum of the single
effect).** In this study, combined drug samples (stigmasterol
and palmatine in equal proportion) showed a synergistic curve
(Figure 3) which is more effective against skin carcinogenesis
as compared when these individual drugs were given
separately.

Conclusion

Herbal medicine and ethnopharmacology have improved
in popularity in the last periods, mainly when considering
their application in the vast field of human diseases. In
conclusion, our results indicate that the extraction and
isolation of palmatine and stigmasterol from Azadirachta
indica and Tinospora cordifolia, respectively, and the for-
mation of their combined drug sample showed synergistic
effects against skin carcinogenesis. A combined drug sam-
ple could notably enhance the levels of the antioxidant
enzyme and inhibited the lipid peroxidation level. Both
enzyme activities and the histological study showed that
environmental carcinogens that persuade skin papillomas
can be repressed by oral administration of combined drug
samples in the everyday diet to attain some defense against
skin carcinogenesis. The results of the above study suggest
that the above-mentioned combined drug sample has
a high impact as a therapeutic agent, and is more effective
for the treatment of skin carcinogenesis.
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