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Abstract | Colebrookea oppositifolia is a medicinal plant that contains many therapeutic constituents. Till
now, research has not been conducted related to this plant’s effect on hepatic drug-metabolizing enzymes
and glutathion S-transferase. For this purpose, different cytochrome (CYP450) modulators were selected to
determine pharmacokinetic interactions. Cimetidine, rifampicin, dexamethasone, and tamoxifen were selected
as CYP450 modulators. In a sub-acute iz vivo study, 200 mg/kg BW of both extracts were orally administered
once daily for 19 days to difterent groups of rats. CYP modulators were administered to respective groups
for last 5 consecutive days. Real-time PCR analysis of hepatic CYP450 subtypes, CYP1A2, CYP2C9, and
CYP3A4 was carried out. Moreover, phase II drug-metabolizing enzymes; GST-specific activity, total
glutathione, superoxide dismutase, catalase, and malondialdehyde were determined in liver homogenates.
'The phytochemical analysis of extracts revealed the presence of many important bioactive compounds. Real-
time PCR results showed that aqueous extract decreased the mRNA expression of CYP1A2, CYP3A4. The
methanolic extract decreased mRNA expression of CYP2C9 and CYP3A4. Both extracts enhanced GST-
specific activity,t GSH, SOD,and CAT activity in rats.Itis concluded thatleaf extracts of C. oppositifolia showed
significant interaction with drugs. This can modulate drug-metabolizing enzyme activity and reduce oxidative
stress.
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Introduction anti-inflammatory,  antimicrobial,  anthelmintic,

hepatoprotective, antioxidant, anti-hypertensive, and

lebrookea oppositifolia is a genus of the Lamiaceae
family. Its common name is Bhaman. It has
therapeutic attributes due to the presence of
polyphenols and flavonoids in abundance. It has

antidiabetic activities. Due to its anti-inflammatory
activity, it is used in the treatment of conjunctivitis
(Shirsat ef al., 2014; Viswanatha ez a/., 2021). Leaves
and roots of C. oppositifolia have wound healing and
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antiepileptic activity, respectively (Ajaib ez a/., 2011).
The plant leaves contain 4, 5, 6, 7-tetra methoxy
flavones, 5, 6, 7 trimethoxyflavones, Catechin -7-O-
B rhamnopyranoside, and quercetin (Madhavan e al.,
2011; Yadav, 2019). According to a study, acteoside
was isolated in a pure form from the C. oppositifolia
and this compound exhibited hepatoprotective

activity (Sardar and Manik, 2017).

When the effect of one drug is altered by any other
xenobiotic that may be a drug product, drink, food,
or any chemical agent, this phenomenon is known
as drug interaction (Baxter and Preston, 2010; Babos
et al., 2021). The pharmacokinetic interactions can
be modified by either increasing or decreasing the
concentration of the drug at the receptor site. These
interactions may be due to the inhibition or induction
of the enzymes that are involved in drug metabolism
(Li ez al., 2021). Further, drug competition for the
uptake by transporter can also influence the rate
of drug metabolism. For example, ciprofloxacin is
an inhibitor of CYP1A2 and it also metabolizes
theophylline. Therefore, when ciprofloxacin is used
in combination with theophylline, the plasma
concentration of theophylline will increase and
could cause gastrointestinal and cardiac side
effects (Cascorb, 2012; Chappell ez al., 2020).
Pharmacodynamic interactions occur when another
drug is present at the target site. These may be either
antagonistic interactions or synergistic interactions.
For example, when ethanol is used in combination
with the benzodiazepine it is synergistic interaction
and when flumazenil is given in combination with
the benzodiazepine it is an antagonistic interaction

(Anwar ez al., 2012).

Enzymes of drug metabolism play an important role
in biotransformation. Moreover, they are involved in
the detoxification of xenobiotics and thus provide
a defense to the body against harmful chemicals.
Enzymes of drug metabolism are divided into two
phases, including phase I enzymes and phase II
enzymes. Microsomal enzymes are present in the
lungs, liver, gastrointestinal tract,and kidneys. Phase I1
enzymes are also known as conjugating enzymes and
these include menadione reductase, sulfotransferases,
glutathione S-transferases, epoxide hydrolases, and
N-acetyl transferases. These enzymes enhance the
hydrophilicity of xenobiotics and thus increase the
excretion of xenobiotics (Rushmore and Tony, 2002;

Kim ef al., 2021).

Many drugs can modulate the effect of different
cytochromes that involve in the regulation of the drug
metabolism. For instance, cimetidine is an inhibitor
of CYP1A2, CYP2C9, and CYP3A4, rifampicin acts
as an inducer of CYP3A4, CYP1A2, CYP2C9, and
CYP2D6, dexamethasone is the inducer of CYP3A4
and CYP2D6, and tamoxifen is the substrate of
CYP2D6 and CYP3A4 (Martinez ef al., 1999; Lin
et al., 1999; Crewe et al., 2002). The disturbance in
the balance between the reactive oxygen species such
as peroxide, superoxide, hydroxyl, hydrogen peroxide,
peroxyl radicals, and the antioxidant defense system
may lead to oxidative stress (Mushtaq ez a/., 2018).
Malondialdehyde, catalase, and total glutathione are
markers of oxidative stress. MDA levels will increase
while CAT and GSH quantities will decrease during
oxidative stress (Mushtaq ez a/., 2020).

So far, the plant’s effect on hepatic drug-metabolizing
enzymes cytochrome P450 and glutathiones-transfers
has not been investigated. For this purpose, different
CYP450 modulators  (cimetidine, rifampicin,
dexamethasone, and tamoxifen) were selected to
assess pharmacokinetic interactions.

Materials and Methods

Chemicals

1-Cloror-2, 4-dinitrobenzene (CDNB), glutathione
(GSH), potassium dichromate, potassium sodium
tartrate, pyrogallol, sodium hydroxide, 1, 1, 3,
3-Tetramethoxy propane were supplied by Sigma-
Aldrich. Copper sulfate, dipotassium hydrogen
phosphate, glacial acetic acid, hydrochloric acid and
methanol were supplied by Merck. G script first-
strand synthesis kit, total RNA isolation kit and Eva
Green qPCR master mix were purchased from gene
Direx.

Animals

Male sprague-dawley rats that had a weight range
of 150-250g were used for in wivo study and
purchased from the University of Veterinary and
Animal Sciences, Lahore, Pakistan. Guidelines of the
PUCP animal ethics committee were followed for
the handling of animals. The experimental protocol
of the current study was approved by the PUCP
Animal Ethics Committee and the voucher number
was assigned (AEC/PUCP/1096). Rats were housed
in plastic cages with top of steel mesh in the animal

house of Punjab University College of Pharmacy
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under adequate environmental conditions. They were
kept under observation before the experiment and
provided with adequate diet and water.

Preparation of extracts

Fresh leaves of C. oppositifolia were collected from
Haripur (a district of Khyber Pakhtunkhwa). The
identification of plants was done by Dr. Zaheer
(Professor, Department of the Botany, GC
University, Lahore) and also, he issued the voucher
number GC.Herb.BOT.2973. Specimen of the
voucher deposited at the Herbarium Department
of GC University Lahore, Pakistan. The leaves of C.
oppositifolia were first separated from the stem,
washed, and air-dried. Then, the dried leaves were
grounded to powder. The maceration method was
used for the preparation of aqueous and methanolic
extract of C. oppositifolia, and the percentage yield was
calculated to be 4.4% and 8.25%, respectively.

Experimental design

Ninety male Sprague Dawley rats were divided into
fifteen groups. In each group, six rats (n=6) were
included. The detail of each group is given following.

Group I (control)
'The vehicle only for 19 days.

Group II and 111
Aqueous and methanolic extract (200 mg/kg)
administered orally for 19 days.

Group IV
Cimetidine (20mg/kg) administered orally for the

last five consecutive days.

Group V and VI (Aqueous and methanolic extract +
Cimetidine)

'The 200 mg/kg of extract was given orally for 14 days,
and cimetidine was co-administered for the last five
consecutive days.

Group VII
Rifampicin (50 mg/kg) administered orally for the

last five consecutive days.

Group VIII and IX (Aqueous and methanolic extract +
Rifampicin)

'The 200 mg/kg of extract was administered orally for
14 days, and rifampicin was co-administered for the
last 5 consecutive days.

Group X
Dexamethasone (40 mg/kg) orally for the last 5

consecutive days.

Group XI and XII (Aqueous and methanolic extract +
Dexamethasone)

'The 200 mg/kg of extract was administered orally for
14 days, and dexamethasone was co-administered for
the last five consecutive days.

Group XIII
Tamoxifen (5mg/kg) had given orally for the last five

consecutive days.

Group XIV and XV (Aqueous and methanolic extract +
Tamoxifen)

The 200 mg/kg of extract orally for 14 days, and
tamoxifen was co-administered for the last five
consecutive days.

'The rats were sacrificed on the 20* day and their livers
were separated and preserved in the chiller at -80°C.

Standardization of extracts

The standardization of aqueous and methanolic
extract of C. oppositifolia was done to determine the
concentration of total flavonoids, total polyphenols,
total polysaccharides, total protein and glycosaponins
in both extracts.

Total flavonoids

The method of Chang was utilized for the
quantification of flavonoids in the extracts with a
slight alteration. The Standard used was quercetin. A
stock solution (1mg/1ml) of quercetin and extracts
was prepared in methanol. Different dilutions of
quercetin (10, 20, 40, 80, 100, and 120 pg/ml) were
made. The final reaction mixture containing 200 pul of
the sample/standard, 10% w/v of aluminum nitrate
solution, and 1M potassium acetate was incubated for
45 minutes. Absorbance was measured at 415 nm. The
calibration curve was plotted for the determination
of total flavonoids (expressed as mg/g of quercetin)

(Chang et al., 2002).

Total polyphenols

'The method of Slinkard and Singleton was utilized
for the quantification of total polyphenols in both
extracts with a slight alteration. The Standard used
was gallic acid. Stock solution (1mg/1ml) of gallic
acid and extracts was prepared in methanol. Difterent
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dilutions of gallic acid (10, 20,40, 80,100, and 120 pg/
ml) were made. The final reaction mixture containing
200 pl of the sample/standard, FC reagent, sodium
carbonate was incubated at room temperature for 2
hours then absorbance was measured at 760 nm. The
calibration curve was plotted for the determination

of total polyphenol (expressed as mg/g of gallic acid)
(Slinkard and Singleton, 1977).

Total protein

The method of Lowry was utilized for the
quantification of total protein content in extracts
with a slight alteration. Both extracts (50 mg) were
dissolved in 10 ml of the distilled water then 5 drops
of the Triton-X were added. After centrifugation
supernatant was separated and volume was made up
to 1ml by distilled water. Then 3ml of the reagent C
was added. Reagent C was prepared by the mixing
of 50 ml of reagent A (2% of the Na2CO3 in 0.1 N
solution of NaOH) and one ml of reagent B (0.5%
of the Copper sulfate in 1% of potassium sodium
tartrate). Then 200 pl of the FC reagent was added
and incubated at room temperature for 30 minutes.
Absorbance was measured at 600 nm. The Standard
used as bovine serum albumin and its 1mg/1ml stock
solution was prepared then dilutions (10, 20, 40, 60,
80, and 100 pg/ml) were made. The calibration curve
was plotted for the determination of total protein
content in both extracts (Lowry ez a/., 1951).

Total glycosaponins

The method of Hussain was utilized for the
quantification of glycosaponins in both extracts
with a slight alteration. Extracts were refluxed with
methanol for 30 minutes. Filtration was done the
filtrate obtained was concentrated on a water bath then
added in acetone. The precipitates formed were dried
at 100 °C and weighed then the following formula
was used to determine the content of glycosaponins
in both of the extracts (Hussain ez a/., 2008).

weight of the precipitate

Glycosaponins (%) = ®x 100

weight of the sample

Carbohydrates

Firstly 50 mg of each extract dissolved in hot ethanol
and vortexed for 2 minutes. After centrifugation
supernatant was collected. Further, extraction of
supernatant was carried out with hydrochloric acid
and distilled water in a ratio of 1:1. The supernatant
was collected and extraction repeated two times. The

reaction mixture containing 100 pl of supernatant,
900 pl water, and 4 ml of the anthrone reagent was
placed in a boiling water bath for 8 minutes then
cooled. The green color was produced. Its absorbance
was measured at 630 nm. Glucose was used as
standard and a calibration curve was plotted (Yemm

and Willis, 1954).

RT-PCR analysis

Gene direx total RNA isolation kit was used for the
extraction of RNA according to the manufacturer
guidelines. The purity of RNA was determined by
Nano-drop and then RNA pellet was preserved in the
chiller at -80°C for further use. G script first-strand
synthesis kit by gene direx was used for the synthesis
of cDNA and cDNA was synthesized according to
the manufacturer guidelines. The resulting reverse
transcription product was preserved in the chiller at

-80°C for further use.

Eva Green qPCR master mix was thawed and then
the reaction was performed with a final volume of
20 pl and this volume contained 10 pl of Eva Green
qPCR master mix 1 pl of cDNA, 0.5 pl of forward
and reverse primer, and 9 pl of Nuclease free water.
The reaction was performed in 96 well RT-PCR
plates. Real-time PCR analysis was carried out
with initial denaturation for 5 minutes at 95 °C and
then annealing for 60 seconds at 60°C followed by
extension for 60 seconds at 60°C. The sequence of
forward and reverse primers used were as follows:

Isoenzymes Primers

CYP1A42 F:5-TCAACCTCGTGAAGAGCAGCA-3
R: 5-CCGAAGAGCATCACCTTCTC-3
CYP2C9 F:5-AAAAGCACAATCCGCAGTCT-3
R:5-GCATCTGGCTCCTGTCTTTC-3
CYP3A44 F:5-TCTGTGCAGAAGCATCGAGTG-3
R:5-TGGGAGGTGCCTTATTGGG-3
CYP2E1 F:5-CCTACATGGATGCTGTGGTG-3

R:5-CTGGAAACTCATGGCTGTCA-3

F: Forward primer; R: Reverse primer.

Glutathione S-transferase assay

'The method of Habig e al. (1974) was utilized for
the estimation of GST activity in liver tissue with a
slight alteration. The assay was performed in three
replicates. Phosphate bufter, GSH, and CDNB were
added in the test tubes containing post mitochondrial
supernatant respectively. Blank contained all the
components except supernatant. Change in the
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absorbance for one minute interval was measured at
340 nm on spectrophotometer up to 3 minutes. GST
activity was expressed in pmol/ minute/ mg protein
(Anwar et al., 2012). The following formula was used
for estimating GST activity.

absorbance change

. ) mg
protein concentration {—)

GST activity = I
m

extinction coefficient

Total glutathione assay

Total glutathione level in liver tissue of rats was
quantified by the method of Sedlak and Lindsay
with a slight alteration. Liver tissue was weighed
and phosphate buffer was added to it. Liver tissue
was homogenized with phosphate buffer then 25%
trichloroacetic acid was added to precipitate the
homogenate. It was centrifuged for forty minutes. The
clear supernatant was separated. The final reaction
mixture contained, Tris-HCI buffer, supernatant,
DTNB, and methanol. Blank was prepared by the
same method except that phosphate buffer was used
in place of supernatant. All contents vortexed then
incubated for thirty minutes at 37°C.The yellow color
appeared and its absorbance was measured at 412 nm

(Sedlak and Lindsay, 1968).

Catalase assay

The Sinha method was used for the determination of
catalase activity in liver tissue with a slight alteration.
The test was performed by making three replicates
of each sample. 0.01M phosphate buffer, 0.02M
hydrogen peroxide were added homogenate. All
contents were vortexed. One ml of this mixture was
taken then a reagent was added which resulted in blue-
colored precipitates. The reagent was made by mixing
potassium dichromate and glacial acetic acid in a
ratio of 1:3. All contents were vortexed then heated
at 100°C for ten minutes. Blue-colored precipitates
changed to green-colored solution. Absorbance was

measured at 570 nm (Sinha, 1972; Anwar ez a/.,2012).

Malondialdehyde assay (MDA)

The Ohkawa method was utilized for the
determination of MDA level in liver tissue with a
little alteration. Liver tissues were homogenized in
1.15% potassium chloride. The test was performed by
making three replicates of each sample. The reaction
mixture containing 8% sodium lauryl sulfate, 20%
acetic acid, 0.8% thiobarbituric acid, distilled water,
and 10% homogenate was incubated at 98°C for one
hour then cooled and at the last n-butanol was added.
'The whole contents were vortexed then centrifuged

for thirty minutes at 4000 rpm. Blank was prepared
by using potassium chloride in place of homogenate.
Absorbance was measured at 532 nm (Ohkawa ez al.,

1979; Anwar ef al., 2012).

Superoxide dismutase (SOD) assay

'The Magnani method was utilized for the estimation
of superoxide dismutase levels in liver tissue of rats
with a slight alteration. The liver homogenate was
prepared in 67mM phosphate buffer (pH7.4). The
reaction mixture contained 1 ml of Tris-buffer,
homogenate, and 0.2mM pyrogallol solution was
added just before the determination of the absorbance.
In control distilled water was used in place of the
liver homogenate. The Tris-buffer was used as blank.
Absorbance was measured at 420 nm. The following
formula was used for the calculation of superoxide
dismutase activity (Magnani ez al., 2000; ljaz ez al.,
2021).

A test
x
A control

94 Inhibition of pyrogallol autoxidation = 100

U %4 inhibition of pyrogallol autoxidation
S0D activity (—) =

ml 50
Statistical analysis

Graph pad Prism version 5 was used for statistical
analysis. One-way ANOVA and Dunnett’s multiple
comparison test was used for making a comparison
between different groups. Results were expressed in
mean and standard deviation (Mean+SD) and *p <
0.05 was considered statistically significant.

Results and Discussion

Standardization quantified in aqueous and methanolic
extract, respectively were total flavonoids (85.95
mg/g and 93.86 mg/g), polyphenols (47.69 mg/g
and 39.23 mg/g), carbohydrates (69.96 mg/g and
66.14 mg/g), protein (80.32 mg/g and 89.57 mg/g)
and glycosaponins (17.6% and 10.4%), respectively as
shown in Table 1.

RT-PCR analysis was carried out for the
determination of mRNA expression of CYP1A2,
CYP2C9, and CYP3A4 and results showed that
aqueous extract significantly decreased (*p < 0.05)
the mRNA expression of CYP1A2, and CYP3A4
by 0.88-fold, and 0.78-fold, respectively however, it
showed no significant effect on mRNA expression of

CYP2C9 as compared to the control. The methanolic
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Table 1: Standardization results of aqueous and methanolic extract of Colebrookea oppositifolia.

Extracts Total flavonoids Total polyphenols  Carbohydrate Total protein Total glycosaponins
content (mg/g) content (mg/g) content (mg/g)  content (mg/g) content (%)

Aqueous extract 85.95 + 1.94 47.692 + 2.308 69.96 + 3.96 80.32 +2.23 17.6 +1.6

Methanolic extract  92.95 + 3.71 39.230 + 1.538 66.14 +7.22 89.57 + 3.36 10.4+2.4

extract significantly decreased (*p < 0.05) the mRNA
expression of CYP2C9 and CYP3A4 by 0.87-fold and
0.69-fold, respectively but it showed no significant
effect on mRNA expression of CYP1A2 as compared

to the control as shown in Table 2.

Table 2: ¢ffect of aqueous and methanolic extracts on

Expression of CYPs.
Groups CYP1A2 CYP2C9 CYP3A4
Control 1.03 £ 0.078 1.03 +0.078 1.03 +0.078

Aqueous extract  0.88 = 0.070* 0.98 = 0.041 0.78 = 0.049*
Methanolic extract 0.90 + 0.028 0.87 = 0.062* 0.69 + 0.036*

Cimetidine significantly decreased (*p < 0.05) the
mRNA expression CYP1A2, CYP2C9 and CYP3A4
by 0.76-fold, 0.66-fold, and 0.56-fold, respectively
as compared to the control. Aqueous extract co-
administered with cimetidine significantly decreased
(*p < 0.05) the mRNA expression of CYP2C9 and
CYP3A4 by 0.52-fold and 0.42-fold, respectively;
however, it showed no significant effect on CYP1A2
as compared to the cimetidine treated group. The
methanolic extract co-administered with cimetidine
significantly decreased (*p < 0.05) the mRNA
expression of CYP2C9 and CYP3A4 by 0.47-fold
and 0.37-fold, respectively.

However, it showed no significant effect on CYP1A2
as compared to the cimetidine treated group as shown

in Table 3.

Table 3: Effect of co administration of extracts and

cimetidine on CYPS expression.

respectively as compared to the control. Aqueous
extract co-administered with rifampicin significantly
decreased (*p < 0.05) the mRNA expression of
CYP1A2, CYP2C9 and CYP3A4 by 1.66-fold,
1.47-told and 1.58-fold, respectively as compared to
the rifampicin treated group. Methanolic extract co-
administered with rifampicin significantly decreased
(*p < 0.05) the mRNA expression of CYP1A2 and
CYP3A4 by 1.59-fold and 1.45-fold, respectively
however, it showed no significant effect on mRNA
expression of CYP2C9 as compared to the rifampicin
treated group as shown in Table 4.

Table 4: Effect of co administration of extracts and
rifampicin on CYPS expression.

Groups CYP1A2  CYP2C9  CYP3A4
Control 1.03+0.078 1.03+0.078 1.03+0.078
Rifampicin 1.76£0.026* 1.66+0.061** 1.79+0.045*
Aqueous extract+  1.66+0.040* 1.47+0.070* 1.58+0.036*
Rifampicin

Methanolic extract 1.59+0.026* 1.54+0.041 1.45+0.058*

+ Rifampicin

Dexamethasone significantly increased (*p < 0.05)
the mRNA expression of CYP3A4 by 1.64-fold
respectively compared to the control. Aqueous
extract co-administered with  dexamethasone
significantly decreased (*p < 0.05) the mRNA
expression of CYP3A4 by 1.37-fold compared to the
dexamethasone-treated group. Methanolic extract
showed no significant effect on mRNA expression
of CYP3A4 compared to the dexamethasone-treated
group as shown in Table 5. Tamoxifen showed no

Groups CYP1A2  CYP2C9  CYP3A4 significant effect on mRNA expression of CYP3A4
Cimetidine 0.76+0.037** 0.66+0.041** 0.56+0.055*
Aqueous extract +  0.820.037  0.52:0.064* 0.42¢0.045*  Table 5: Effect of coadministration of extracts and
Cimetidine dexamethasone on CYP3A4 expression.
Methanolic extract 0.77+0.025 0.47+0.030* 0.37+0.063* Groups CYP3A4

Cimetidi
T Amenane Cotiwl 1.03 £ 0.078

) o o ) . Dexamethasone 1.64 + 0.040*
Rllf{l;li 1cin 51gn%ﬁcant1fy lélg;is;g ( g Y<P20é)95) th; Aqueous extract + Dexamethasone 1.37 = 0.035*
m expression o , an .

Methanolic extract + Dexamethasone 1.67 = 0.056

CYP3A4 by 1.76-fold, 1.66-fold and 1.79-fold,
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Aqueous extract co-administered with tamoxifen
significantly decreased (*p < 0.05) the mRNA
expression of CYP3A4 by 0.78-fold as compared to
the tamoxifen treated group. Methanolic extract co-
administered with tamoxifen showed no significant
effect on mRNA expression of CYP3A4 as compared

to the tamoxifen treated group as shown in Table 6.

Table 6: Effect of co administration of extracts tamoxifen
on CYP3A44 expression.

Groups CYP3A4
Control 1.03 £ 0.078
Tamoxifen 1.12 + 0.065
Aqueous extract + Tamoxifen 0.78 + 0.081*
Methanolic extract + Tamoxifen 1.17 + 0.045

The results of the following activities; glutathiones
transferase (GST), total glutathione (tGSH), catalase
(CAT), malonaldehyde (MDA), and superoxide
dismutase (SOD) are displayed in Table 7. Both
extracts enhanced the GST-specific activity, tGSH,
SOD, and CAT activity while decreased the MDA
activity in rats. Hence, these extracts could be
beneficial in reducing oxidative stress.

Worldwide, medicinal plants are widely used to treat
various disorders. Medicinal plants are considered
safe, cheap and effective by many people around the
globe (Tanveer ez al., 2019; Qayyum e al., 2020; Latif
et al., 2020; Ashiq ez al., 2021).

The current work was conducted on Colebrookea

oppositifolia to explore its potential effect on
cytochromes P450 and its interaction with other
drugs. Standardization results showed that total
flavonoids content in aqueous and methanolic extract
of C. oppositifolia were 85.95 mg/g and 93.86 mg/g,
respectively, total polyphenols were 47.69 mg/g and
39.23 mg/g, respectively, carbohydrates were 69.96
mg/g and 66.14 mg/g, respectively.

One way ANOVA and dunnett’s multiple comparison
test was used for conducting data analysis between
different groups. Results were expressed in mean and

standard deviation (Mean+SD) and *p < 0.05 was

considered statistically significant.

Total protein was 80.32 mg/g and 89.57 mg/g
respectively and total glycosaponins were 17.6 % and
10.4 % respectively. The plant is an important pool
of various chief phytochemicals which confirms the
therapeutic significance of the plant (Sharma ez al,
2004).

The methanolic extract significantly decreased (p
< 0.05) the mRNA expression of CYP2C9 and
CYP3A4 while it showed no significant effect
on mRNA expression of CYP1A2 and CYP2E1
compared to the control. Cimetidine inhibited the
activity of CYP1A2, CYP2C9 and CYP3A4 by
decreasing their mRINA expression and extracts of C.
oppositifolia co-administered with cimetidine further
decreased their mRNA expression thus exhibited
synergistic effect.

Table 7: Herb-drug interaction effect of C. oppositifolia on liver enzymes activity and levels with different drugs.

Groups GST activity (pM/  tGSH
min/mg protein) (mM/g tissue)
Control 0.092 + 0.001 4.202 + 0.095
AE 0.093 + 0.003 4.297 + 0.103
ME 0.089 + 0.003 4.169 £ 0.159
Cimetidine 0.063 + 0.002* 1.731 + 0.146*
AE+ Cimetidine 0.082 + 0.001* 2.998 + 0.141*
ME+ Cimetidine 0.075 + 0.001* 2.743 + 0.179*
Rifampicin 0.061 + 0.001* 1.617 + 0.102*
AE+ Rifampicin 0.076 + 0.002* 2.730 £ 0.123*
ME-+ Rifampicin 0.074 + 0.001* 2.639 + 0.166*
Dexamethasone 0.062 + 0.001* 1.494 + 0.111*
AE+Dexamethasone  0.081 + 0.001* 2.918 + 0.127*
ME+Dexamethasone 0.076 + 0.002* 2.686 + 0.124*
Tamoxifen 0.067 + 0.002* 2.200 = 0.096*
AE+ Tamoifen 0.083 + 0.002* 3.299 + 0.091*
ME+ Tamoxifen 0.081 + 0.001* 3.074 + 0.134*

CAT (pmole of HO, MDA SOD
consumed/min/mg) (pM/g tissue) (U/mg)

43.10 £ 1.129 1.698 + 0.101 4.689 + 0.092
43.13 = 1.090 1.717 £ 0.137 4.662 +0.178
43.04 +1.196 1.714 + 0.147 4.648 + 0.344

24.06 + 1.131*
34.65 £ 1.667*
34.14 £ 1.096*
23.08 + 0.990*
34.03 + 1.059*
32.86 + 0.952*
23.30 + 2.055™
33.18 + 1.482*
33.00 + 1.431*
25.66 +1.759*
35.55 £ 1.698*
34.80 +1.172*

5.661 + 0.207*
3.220 = 0.116*
3.336 + 0.120*
6.594 + 0.098™
3.389 + 0.113*
3.717 + 0.108*
6.265 + 0.125™
3.713 £+ 0.127*
4.109 + 0.145*
5.398 + 0.123*
3.108 + 0.110*
3.218 + 0.112*

1.243 £ 0.139*
3.301 £ 0.088*
3.203 + 0.115*
1.486 + 0.112*
2.810 + 0.132*
2.396 + 0.142*
1.31 £ 0.092*

2.78 + 0.150*

2.40 £ 0.174*

1.806 + 0.118*
3.500 £ 0.135*
3.315 + 0.186*
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Rifampicin enhanced the activity of CYP1A2,
CYP2C9 and CYP3A4 by increasing their mRNA
expression and extracts of C. oppositifolia co-
administered with rifampicin opposed the effects of
rifampicin and decreased the mRNA expression of
CYP1A2, CYP2C9 and CYP3A4. Dexamethasone
enhanced the activity of CYP3A4 by increasing its
mRNA expression and extracts of C. oppositifolia co-
administered with dexamethasone opposed its effects
and decreased the mRNA expression of CYP3A4.
Tamoxifen showed no effect on mRNA expression
of CYP3A4; however, extracts of C. oppositifolia co-
administered with tamoxifen decreased the mRINA
expression of CYP3A4. Aqueous and methanolic
extracts co-administered with cimetidine, rifampicin,
dexamethasone, and tamoxifen significantly increased
(p < 0.05) the GST specific activity as compared to the
drug-treated groups. Glutathione S-transferase acts
as a catalyst in conjugation reactions of glutathione
with electrophilic substrate and converts it into a
more polar form thus leads to the detoxification of
xenobiotics by enhancing their excretion (Yuan ez al,

2020; Forster e al., 2021).

Cimetidine, rifampicin, dexamethasone and
tamoxifen significantly (*p < 0.05) decreased
total glutathione level, CAT activity and SOD
level; however, significantly (*p < 0.05) increased
MDA level in comparison to the control group. C.
oppositifolia aqueous and methanolic extract group
showed insignificant change in total glutathione
level, CAT activity, MDA level and SOD level in
comparison to the control group. C. oppositifolia
aqueous and methanolic extract co-administered with
cimetidine, rifampicin, dexamethasone and tamoxifen
significantly increased total glutathione level, CAT
activity, and SOD level; however, significantly (*p <
0.05) decreased MDA level in comparison to the drug-
treated groups (Li ez a/., 2019; Alyami et al., 2021).

Conclusions and Recommendations

C.oppositifoliaextractsdecreased themRNA expression
of phase I drug-metabolizing enzymes; however,
increased the glutathione S-transferase activity
(phase II drug-metabolizing enzyme). Therefore,
caution is needed when C. oppositifolia extracts are to
be co-administered with the substrates of CYP1A2,
CYP2C9, CYP3A4, and CYP2E1 because extracts
may decrease the metabolism of these drugs and
chances of toxicity are more. Thus, it is concluded

that C. oppositifolia extracts have the potential of
pharmacokinetic interactions.
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