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ABStr Act

Carbamazepine (CBZ) is the first-line anticonvulsant drug with 
a narrow therapeutic index (NTI) and is a substrate for CYP3A4 
and MRP-2. Ajuga bracteosa (AB), family Lamiaceae is widely 

used to treat epilepsy, gastric diseases, and protects against 
liver damage in folk. It contains bioactive metabolites, which 
are powerful inhibitors of CYP3A4, CYP3A5, CYP19, CYP2C19 
enzymes and P-gp transporter. Concomitant use of NTI drugs 
with herbs, like AB increase the chances of herb-drug interac-
tions (HDIs). This study was aimed to analyze the Ajuga brac-
teosa crude extract (ABCE) and to investigate its effect on the 
pharmacokinetics of CBZ in rats. In the pre-treatment study, 
rats received ABCE (1000 mg/kg) orally for 14 days, followed 
by a single dose of CBZ (80 mg/kg) on the 15th day. In the co-
administration study, single doses of ABCE and CBZ were ad-
ministered concomitantly in one session. All the doses were 
administered in 0.5 % carboxymethylcellulose (CMC) as a vehi-
cle. HPLC analysis showed that extract contained 1.3 mg/g 
ursolic acid, 2.1 mg/g sitosterol and 2.9 mg/g stigmasterol. 
Non-compartmental pharmacokinetic analysis showed an in-
crease in Cmax, AUC0-∞, MRT, and t1/2 with a decrease in tmax, Vd 
and Cl of CBZ in both, pre-treated and co-administered groups 
vs controls. An increase in CBZ concentration in liver tissue of 
both pre-treated as well as co-administered animals was ob-
served as compared to control. The above results suggested 
possible HDIs between AB and CBZ thus, may warrant CBZ dose 
adjustment in epileptic patients with simultaneous administra-
tion of AB or its products.
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Introduction
Approximately 45.9 million people, worldwide suffer from epilep-
sy [1]. In Pakistan, every 10 out of 1000 people are suffering from 
epilepsy [2]. The anti-epileptic drugs are not effective in all pa-
tients, and 30 % of patients still suffer from seizures, despite using 
anti-epileptics [3]. While 30–40 % of epileptic patients develop re-
sistance against anticonvulsants on their long-term use [4]. Almost 
5.1 % of epileptic patients choose herbal remedies as alternative 
treatments to synthetic anti-epileptic drugs [5]. Generation of the 
reactive oxygen species (ROS) in the brain is one of the leading 
causes of epilepsy, associated with seizures. Natural anti-oxidants 
prevent the generation of ROS, thus widely used in the treatment 
of epilepsy [6].

CBZ, a carboxamide derivative (▶Fig. 1) is a first-line anticon-
vulsant allopathic drug with NTI. It is usually prescribed for the 
treatment of epilepsy, neuropathic pain, bipolar disease, and 
trigeminal neuralgia [7, 8]. After oral administration, it is absorbed 
slowly and metabolized mainly in the liver. It has been shown to 
regulate intestinal multidrug resistance protein 1-P-glycoprotein 
(MDR1-P-gp) and MRP-2, both belong to the ATP-binding cassette 
(ABC) efflux transporters and may affect the drug disposition 
[9, 10]. CBZ is a powerful inducer of the cytochrome P450 enzyme 
system and is more prone to interact with herbal remedies when 
used simultaneously. CBZ, being a substrate of CYP3A4 metabo-
lizes to 10–11 epoxide CBZ which on the accumulation in the body, 
can lead to toxic effects. CYP2C8 and CYP1A2 also play a vital role 
in the metabolism of CBZ. Epileptic patients using CBZ for a long 
time may suffer from gastric discomfort, drug-induced hepatitis 
and liver damage leading to abnormalities in hepatic biomarkers 
[11].

Ajuga bracteosa wall ex. Benth (Lamiaceae), locally named as Ratti 
booti, Neelkanthi or Khurbanti is a perennial herbaceous plant, found 
in the mountainous regions of Pakistan. The plant is widely used 
by epileptic patients in folk [12], as the crude extract, as well as 
fractions of the plant, possess the anticonvulsant action [13]. It also 
has promising anti-oxidant as well as hepato-protective potentials 
[14, 15]. The plant contains 20-hydroxyecdysone and iridoid gly-
cosides which are potent inhibitors of MDR1-P-gp [16, 17].

Unlike traditional medical treatment, many people now believe 
in self-care and alternative therapies. Herbal medicine manufac-
turers do not need to prove their quality and safety and most of 
these products are unlicensed [18]. The concurrent use of herbs 
and drugs raises the risk of interactions, which often are overlooked 
due to the lack of evidence. Well into the case of NTI drugs, the out-

comes of interactions may be more severe as a result of small 
changes in their plasma concentrations [19]. It is worth noting that 
only less than half of the patients pass on information on the use 
of herbal remedies to their doctors. In addition, health practition-
ers often do not normally try to probe the usage of herbal prepa-
rations [20, 21]. Anticonvulsant medications, as a therapeutic class 
have greater chances of interacting with other medicines, food, 
and herbs. With the widespread use of herbal medicines in patients 
with epilepsy, the likelihood of their exposure to antiepileptic drugs 
increases and is currently being realized [22].

Given that the people commonly use AB to treat multiple co-
morbidities as well as the fact that CBZ is the first-line anticonvul-
sant medication, patients using AB and CBZ would possibly be dis-
covered simultaneously for treating epilepsy, other diseases, or for 
any of its above-stated biological activities. Due to the extensive 
use and the presence of powerful CYP450 inhibitory constituents 
in AB, the interest in this plant is justifiable to explore its effect on 
the bioavailability of CBZ. Moreover, there were no reports on the 
AB-CBZ interactions, which further triggered this study to evalu-
ate the possible HDIs. Bearing in mind all the above-mentioned rea-
sons, the present study was aimed to analyze the ABCE, both qual-
itatively and quantitatively by using liquid chromatography, as well 
as to evaluate its pre-treatment and co-administration effect on 
the pharmacokinetics of CBZ in rats.

Results and Discussion
To date, the pharmacokinetic HDIs for CBZ, have been studied with 
polygonum cuspidatum, a resveratrol rich nutraceutical, ferulic acid, 
sophora flavescens and traditional beverages, including tamarind, 
mango, sugarcane, and red bull [23–26]. HDIs occur primarily dur-
ing the process of absorption, distribution, metabolism, and clear-
ance of drugs. They may also have an association with a time-de-
pendent induction and inhibition of MDR1-P-gp and/or MRP-2-me-
diated efflux activity and/or CYPs. MDR1-P-gp is commonly 
distributed in the intestinal epithelial cells, liver and brain, while 
MRP-2 is distributed in the apical membranes of, duodenum, jeju-
num, hepatocytes, brain and kidneys of rats [10, 27–30]. The inhi-
bition of drug metabolism and transporters is an immediate pro-
cess occurring in 24–48 h post-dosing while the induction is a slow-
er process happening in 7–10 days. CBZ is simultaneously a 
substrate for MDR1-Pg-p, MRP-2 and CYP iso-enzymes. The induc-
tion or inhibition of MDR1-P-gp and MRP-2 alters the drug bioavail-
ability. Over-expression of MRP-2 causes refractoriness in epileptic 
patients, which is also believed to be associated with the develop-
ment of resistance of CBZ and other anti-epileptics [31, 32]. Hypo-
thetically, the dual substrate drugs for CYPs and MDR1-P-gp have 
higher interaction potential with herbal remedies [19]. AB used to 
treat arthritis, hypertension, infections, malaria, diabetes and epi-
lepsy, possesses many medicinally important bioactive constitu-
ents, which have made it a dual substrate for CYPs and efflux trans-
porters. Patients taking antiepileptic drugs may prefer to use herb-
al remedies for other comorbidities because they believe that 
allopathic drugs have a higher risk of side effects. However, herb-
alists, medical professionals as well as patients are unaware of the 
HDIs. The majority of the reported HDI studies have been carried 
out in-vitro using higher doses of therapeutic agents than the clin-
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▶Fig. 1 Chemical structure of CBZ.
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ically prescribed doses [33]. The appraisal of the interactions be-
tween phytomedicines and synthetic pharmacotherapeutic drugs 
are necessary to carry out in animals before their clinical trials in 
humans. The issue of HDIs has generated substantial concern in the 
case of NTI drugs. In line with the above, the present research work 
assessed the interaction between ABCE and CBZ in rats.

In the current study, the qualitative and quantitative liquid chro-
matographic analysis revealed that plant extract contained 
1.3 mg/g ursolic acid, 2.9 mg/g stigmasterol, 2.1 mg/g and sitos-
terol. Ursolic acid potently inhibits CYP2C19 iso-enzyme and plays 
an important role in HDIs by altering the pharmacokinetics of the 
co-administered drugs [34, 35], stigmasterol powerfully inhibits 
MDR1-P-gp and CYP3A4, CYP3A5, and CYP19 [36, 37] and the si-
tosterol inhibits CYP3A4 and CYP2D6 [38]. The CYP3A4, CYP2C8, 
and CYP1A2 play vital role in CBZ metabolism [25, 39, 40]. Phar-
macokinetics data indicate the significant effect of strong inhibi-
tors of CYP isoenzymes in plant extracts on the pharmacokinetics 
of the drug. The presence of the quantified phytochemicals in the 
AB plant extract might have a significant role in alteration of phar-
macokinetics of CBZ, when co-administered.

▶Figure 2 shows the mean plasma concentration-time profiles 
of CBZ in animals pre-treated with ABCE for 14 days and CBZ ad-
ministration on 15th day. Results of the pre-treatment study re-
vealed a 42.4 % increase in Cmax, 101.4 % in AUC0-∞ and 42.7 % in 
MRT, while a decrease in tmax by 25.7 % and Vd by 29.33 % for CBZ, 
in the pre-treated group, as compared to the control group-I. The 
Ke and Cl were also decreased, respectively by 27.2 and 51.50 % 
while t1/2 shown a 47.4 % increase for CBZ in the pre-treated group 
(▶table 1). All the above parameters in the pre-treated group were 
statistically different (p < 0.05) from that of the control group. A 
significant difference (p < 0.01) in CBZ concentrations was revealed 
at all the time points in the pre-treated group as compared to the 
control group-I. The pre-treatment study was conducted to ob-
serve the time-dependent inhibition/induction effect of ABCE on 
the pharmacokinetics of CBZ in line with a previous study design 
[41]. Pre-treatment also mimics a situation where the ABCE utilized 
for some time, is followed by the use of the CBZ or other dual sub-
strate drugs. Comparison of the reported values with those of the 
present study (▶tables 1 and 2), shows closeness in tmax, ke, and 

MRT, slightly lesser for Cmax, AUC and Cl while higher for Vd (tremen-
dously) and t1/2.

▶Figure 3 shows the mean plasma concentration-time profiles 
of CBZ in animals of co-administered study, where control and ex-
perimental groups received, respectively the vehicle and plant ex-
tract with CBZ simultaneously in one session. The CBZ concentra-
tions were consistently higher, in the co-administered group at the 
all-time points compared to the control group-III, but only signifi-
cantly higher (p < 0.05) at 3 h. In the co-administered study, the 
Cmax, and AUC0-∞ of CBZ were increased in the co-administered 
group by 8.0 % and 61.1 %, respectively without a change in tmax as 
compared to the control group-III (▶table 2). The Vd was reduced 
by 7.2 %, Ke, and Cl were reduced by 10.0 % and 22.40 %, respec-
tively, while an increase in t1/2 by 34.7 % was noted in the co-admin-
istered group compared to control. Nevertheless, no significant 
difference was noted in the pharmacokinetic parameters of the 
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▶Fig. 2 Time-dependent mean plasma concentration of CBZ for  
24 h in animals treated orally with ABCE (1000 mg/kg) or vehicle 
(0.5 % aqueous solution of CMC) for 14 days followed by a single 
dose of CBZ (80 mg/kg) on 15th day. Values are represented as mean 
with ± SEM (n = 6).

▶table 1 Comparison of pharmacokinetic parameters for control and pre-treated group. Values are expressed as ± S.E.M (n = 6).

Parameter Unit control group-I experimental (Pre-treated) trend ( %)

tmax H 1.75 ± 0.12 1.30 ± 0.12 * ↓ 25.7

Cmax μg/mL 3.02 ± 0.10 4.30 ± 0.20 *  * ↑ 42.4

AUC0-t μg.h/mL 21.10 ± 2.24 46.32 ± 1.02 *  * ↑ 119.5

AUC0-∞ μg.h/mL 30.50 ± 3.04 61.44 ± 3.76 *  * ↑ 101.4

MRT H 11.63 ± 1.27 16.60 ± 1.93 * ↑ 42.7

Vd L 7.40 ± 1.40 5.23 ± 1.50 * ↓ 29.3

Ke 1/h 0.11 ± 0.01 0.08 ± 0.01 ↓ 27.2

t½ H 7.80 ± 0.90 11.50 ± 1.45 * ↑ 47.4

Cl litre/h 0.68 ± 0.30 0.33 ± 0.10 *  * ↓ 51.5

Estimation of pharmacokinetic parameters by non-compartmental analysis for CBZ in plasma of animals orally pre-treated with ABCE (1000 mg/kg) or 
vehicle (0.5 % aqueous solution of CMC) for 14 days followed by a single dose of CBZ (80 mg/kg) on 15th day (n = 6).  *  indicates p < 0.05 and  
*  *  indicates p < 0.01.
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control group-III and experimental group IV of the co-administra-
tion study.

In pre-treated group-II, as compared to co-administered group-
IV, the CBZ plasma levels were significantly higher (P < 0.05) at 0.5, 
2.0, 3.0, 4.0, 8.0, 12.0, 24.0 h, being highly significant (p < 0.01) at 
2.0, 3.0 and 8.0 h (▶Fig. 4). Notable difference (p < 0.01) was ob-
served for AUC0-∞ and Cl between animals of pre-treated and co-
administered groups. The alteration in absorption, metabolism, 
distribution and elimination rate of the drug was with greater mag-
nitude in pre-treated group-II as compared to co-administered 
group-IV.

CBZ, being the potent inducer of CYP3A4, CYP2C9 and CYP1A2 
[11], shows more metabolism when administered alone leading to 
a lower drug concentration. A raised CBZ absorption (Cmax and 
AUC0-∞ and MRT) in extract-treated groups were observed which 
could be ascribed to a strong competitive inhibition of the metab-
olizing isoenzymes by the powerful inhibitors contained in the 

ABCE [17, 34–37]. A reduced Ke as well as prolonged t1/2 was sup-
ported by a lower metabolism and subsequent decrease in plasma 
drug concentrations in both experimental groups. An increase in 
MRT indicated a long-term persistence of CBZ in the body in the 
experimental groups. A higher magnitude of enzyme inhibition by 
ABCE was observed in pre-treatment as compared to the co-ad-
ministration, which showed a time-dependent inhibitory effect of 
the plant extract. CBZ is a polar drug, has high capacity for plasma 
protein binding and thereby, demonstrates Vd of 14.32 mL/kg [24] 
which is equivalent to 3.58 mL. Though a reduction in Vd in the 
group-II and group-IV were noted as compared to group-I and III, 
which in all cases tremendously exceeded the total physiological 
volumes of tissues, and extra- and intracellular compartments, i. e., 
about 400 mL [42, 43].

The raised Cmax and AUC values in both extract-treated groups 
might be attributed to the rapid drug absorption, due to the mask-
ing of intestinal MDR1-P-gp and MRP-2 in the presence of ABCE. 
Considering the above in view, it could be implied that the ABCE-
led masking of intestinal MDR1-P-gp and MRP-2 and inhibitory ef-

▶table 2 Comparison of pharmacokinetic parameters for control and co-administered group. Values are expressed as  ±  S.E.M (n = 6).

Parameter Unit control group-III experimental (co-admin-
istered)

trend ( %)

tmax H 1.42 ± 0.20 1.40 ± 0.10 Negligible

Cmax μg/mL 3.52 ± 0.25 3.8 ± 0.14 ↑ 8.0

AUC0-t μg.h/mL 20.54 ± 3.04 33.1 ± 4.30 ↑ 61.1

AUC0-∞ μg.h/mL 30.5 ± 2.14 42.2 ± 4.97 ↑ 38.4

MRT H 9.50 ± 0.33 12.5 ± 1.47 ↑ 31.6

Vd L 6.14 ± 0.80 5.70 ± 1.28 ↓7.2

Ke 1/h 0.10 ± 0.03 0.09 ± 0.01 ↓ 10.0

t½ H 6.40 ± 0.30 8.62 ± 1.13 ↑ 34.7

Cl litre/h 0.67 ± 0.20 0.52 ± 0.30 ↓ 22.4

Estimation of pharmacokinetic parameters by non-compartmental analysis for CBZ in rats after oral co-administration of single dose ABCE (1000 mg/
kg) or vehicle (0.5 % aqueous solution of CMC) with CBZ (80 mg/kg) (n = 6).
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▶Fig. 3 Mean ( ± SEM, n = 6) concentration profile of CBZ in plasma 
obtained over a time of 24 h from rats co-administered with single 
oral dose of ABCE (1000 mg/kg) or vehicle (0.5 % aqueous solution of 
CMC) and CBZ (80 mg/kg).

Comparison of Pre-treatment and
Co-administered Study
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▶Fig. 4 Comparison of pre-treatment and co-administered study. 
Values are represented as mean with ± SEM (n = 6).
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fect of ABCE on CBZ metabolism outweighs the CBZ’s inductive ef-
fect, besides the other reasons for the elevated CBZ absorption. 
Because the basic drugs undergo ionization in the acidic medium 
for absorption [44], thus being a basic drug, CBZ was expected to 
be ionized in the rat stomach, pH 3.2–3.9, which in presence of a 
more basic ABCE, pH 5.90 caused more CBZ’s fraction available for 
absorption in the stomach. A higher drug absorption continued in 
the duodenum, jejunum and small intestine where the MDR1-P-gp 
and MRP-2 were also masked by the ABCE in both extract-treated 
groups. Furthermore, the ABCE probably increased the absorption 
rate of CBZ, indicated by a briefer tmax value.

An increase in Cmax and AUC0-∞ is the marker of higher systemic 
exposure (bioavailability) of a drug to provide a therapeutic effect. 
A rise in Cmax is also likely to be clinically important as it is expected 
to change the efficacy of drugs [45]. AUC is affected by absorption, 
metabolism, physicochemical factors, CYP450 isoenzymes, and 
interaction with herbs, food, and drugs [46–50]. An increased drug 
bioavailability and systemic exposure could result in the enhanced 
anti-epileptic effect in the presence of ABCE. However, increased 
systemic exposure to CBZ may induce hepatic injury and gastroin-
testinal side effects on long-term use with increased risk of drug 
toxicity in the body, being a drug with NTI [51].

In the present study, declined Ke as well as increased t1/2, indi-
cated lesser metabolism and late decline of drug concentration in 
the blood in pre-treated animals in the presence of ABCE compared 
to the co-administration group. The Vd and Cl were decreased in 
pre-treated group-II as compared to co-administered group-IV.  
Vd refers to the distribution of the drug between plasma and the 
rest of the body. Lower Vd and Ke indicates higher drug plasma con-
centration as the above decreased the value of Cl. The extent of 

distribution and elimination of the drug is governed by Cl, which 
tends to become lower when AUC is higher for a given dose, as it is 
the ratio of the drug dose to the AUC [41]. Based on the above find-
ings, a lower dose of CBZ might be required to accomplish a given 
plasma concentration. Decreased Vd and Cl were likely to be due to 
increased bioavailability of the drug in pre-treated group-II as com-
pared to co-administered group-IV.

The effect of pre-treatment and co-administration with ABCE 
on the tissue distribution of CBZ is shown in ▶Fig. 5a, b, respec-
tively. The higher CBZ concentration in the brain, liver and kidney 
were found in extract-treated groups as compared to the respec-
tive controls. A notably higher concentration of CBZ in liver tissue 
was observed at 24 h post-dosing as compared to other tissues. 
▶table 3 shows the tissue/plasma ratio for the liver of control 
group-I and III equal to 0.2, which is in-line with the previously re-
ported value of 0.16 [52]. The prominently increased drug concen-
tration in the liver of both extract-treated groups is evidence of 
MDR1-P-gp and MRP-2 inhibition in the liver by ABCE, which by sup-
pressing the drug exit from the liver, interplayed with the enzyme 
inhibition in the organ caused more tissue localized drug. Likewise, 
the markedly higher concentration of CBZ in the brain of extract-
treated groups demonstrated masking of the role of MDR1-P-gp 
and MRP-2-mediated activity in the brain tissue. More tissue dis-
tribution of CBZ in both extract treatedgroups as compared to re-
spective controls, did not correspond with the decreased Vd in the 
presence of ABCE, which implied that the relatively lesser drug was 
moved to tissues than the blood, though this still exceeded all the 
physiological volumes. Nevertheless, the above results also advo-
cated the possible promising role of ABCE towards enhancement 
of the anti-epileptic effect of the drug. On the other hand, the 
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▶Fig. 5 Mean concentration ( ± SEM, n = 6) of CBZ in liver, kidneys, heart and brain of animals a after orally treated with ABCE (1000 mg/kg) or 
vehicle (0.5 % aqueous solution of CMC) for 14 days followed by a single dose of CBZ (80 mg/kg) on 15th day. b After orally co-administered with 
ABCE (1000 mg/kg) or vehicle (0.5 % aqueous solution of CMC) and CBZ (80 mg/kg).

▶table 3 Tissue concentration of CBZ in pre-treatment and co-administered studies at 24 h post-dosing. Values are expressed in terms of the mean of 
n = 6.

treatment groups Plasma Liver Heart Kidney Brain

Control group-I 0.6 0.2/0.6 0/0.6 0.5/0.6 0.2/0.6

Experimental (pre-treated) group 0.9 1.1/0.9 0/0.9 0.5/0.9 0.4/0.9

Control group-III 0.0 0.2/0 0/0 0/0 0.2/0

Experimental (co-administered) group 0.5 0.6/0.5 0/0.5 0.3/0.5 0.5/0.5
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minor increase of CBZ concentration in kidney tissue implied an in-
significant role of ABCE on MDR1-P-gp and MRP-2-mediated activ-
ity in the kidney. The above findings of this HDI study supported 
that the extract masked both MDR1-P-gp and MRP-2 or anyone of 
the above more remarkably in the brain tissue compared to that in 
the kidneys. Moreover, the prominently higher concentration of 
drug in the liver tissues of extract-treated animals suggested that 
the repeated and simultaneous treatment with ABCE could con-
tribute to more drug accumulation in the liver, leading to hepato-
toxicity. Besides, since the use of herbal remedies is not unusual for 
epileptic patients [53], dose adjustment is recommended to epi-
leptic patients taking CBZ and AB, to avoid toxicity if these findings 
are confirmed in human beings also. On the other hand, combina-
tion therapy with dose adjustment can be beneficial for epilepsy 
patients who have developed CBZ resistance. Furthermore, careful 
monitoring of the drug is necessary in case of combined use of AB 
with CYP3A4 and/or MRP-2 substrate drugs. Although, the rat ap-
pears to be a suitable animal model, even though results obtained 
from animal trials cannot be directly applied to humans. However, 
specific clinical trials are required to evaluate the safety and effica-
cy of both pre-treatment, and co-administration of ABCE with CBZ.

As far as we know, this work is the first to report the HDIs be-
tween ABCE and CBZ. The pre-treatment with repeated adminis-
tration of ABCE and the single co-administration of ABCE and CBZ 
in one session affected the pharmacokinetics of CBZ. Pre-treatment 
with plant extract significantly increased the absorption and sys-
temic exposure of the drug compared to co-administration, prob-
ably due to the masking of Pg-p, which decreased drug metabo-
lism but increased accumulation in the liver tissue. In addition to 
increased systemic exposure, the concentration of CBZ was higher 
in the liver and brain tissue of both extract-treated groups. The cur-
rent findings are suggestive for the dose adjustment of CBZ in epi-
leptic patients, especially when pre-treated with ABCE. Further 
studies would be needed to support the above findings and to in-
vestigate the exact mechanism of interaction of plant extract with 
the drug.

Materials and Methods

Materials
CBZ (99.5 percent, Sun Pharma, India) and CMC (India) were kind-
ly provided by Next Pharmaceuticals (Pvt) Ltd. Lahore. Metronida-
zole benzoate (98.5 percent, China) was gifted by Lahore Chemi-
cal and Pharmaceutical Works, Lahore. Ursolic acid (98.4 percent, 
Sigma Aldrich), stigmasterol (94.4 percent, Chromadex, USA) and 
sitosterol (95.0 percent, Chromadex, USA) were purchased from 
the local market. Triethylamine (Sigma Aldrich), Ethanol (Merck) 
phosphoric acid (Sigma Aldrich) and acetonitrile (Sigma Aldrich) 
also obtained from the local market. Purified water obtained from 
Schazoo Zaka (Pvt) Ltd. All the chemicals and solvents used in this 
study were of analytical and HPLC grade.

Collection of plant material
The plant was collected from Murree hills, Punjab Pakistan, during 
the 3rd week of September 2018. After identification by Prof. Dr. 
Zaheer-Ud-Din Khan (an expert taxonomist), a voucher specimen 

was deposited in the herbarium of GC University Lahore, Pakistan 
(GC.Herb.Bot.3314) for future reference.

Preparation of plant extract
The collected plant material was washed with distilled water, dried 
in the shade and ground into a fine powder. The plant extract was 
prepared according to a simple maceration method. Briefly, 1 kg 
powdered plant material was immersed in 5 L of methanol for  
7 days, followed by filtration. The pH of the extract was measured 
by using a digital pH meter (Orion 3, Thermo). The solvent was then 
evaporated by using the rotary evaporator (Laborota 4000-effi-
cient, Heidolph Germany) at 40  °C and the semi-solid residue was 
stored in the refrigerator for further use.

Qualitative and quantitative analysis of ABCE by HPLC
The qualitative and quantitative analysis of concentrated plant ex-
tract was carried out by following the reported liquid chromato-
graphic methods for ursolic acid [54], stigmasterol [55] and sitos-
terol [56]. All the standards were adjusted equivalent to 100.0 % 
before use.

Animals
The present study was performed in Wistar albino rats obtained 
from the local animal house facility. The rats were weighing be-
tween 210–248 g. The animals were acclimatized for 1 week under 
standard environmental conditions. The whole study was per-
formed by following the internationally accepted protocols and 
after approval by the Animal Ethical Committee, College of Phar-
macy, University of Punjab (AEC/PUCP/1077) dated 03–05–2018.

Experimental design for pharmacokinetic studies
The following two separate studies were designed to explore the 
effect of ABCE on the pharmacokinetics of CBZ following a design, 
reported previously [41].

Pre-treatment with ABCE for 14 days followed  
by CBZ
In the pre-treatment study, animals were divided into control (ve-
hicle) group-I and experimental (pre-treated) group-II, each com-
prising 6 animals. Animals of the control group-I received 2 mL of 
0.5 % CMC aqueous solution as a vehicle for 14 days followed by a 
single dose of 80 mg/kg, p.o CBZ in the vehicle on 15th day. To the 
pre-treated group-II, 1000 mg/kg p.o of ABCE in the vehicle was 
administered for 14 days followed by a single dose of 80 mg/kg, p.o 
of CBZ in the vehicle on the 15th day. Oral gavage was used for dos-
ing all the rats. The 80 mg/kg dose of CBZ was selected based on a 
reported HDI study between CBZ and ferulic acid [24] and for ABCE, 
a high dose (1000 mg/kg) possesses promising anticonvulsant ac-
tivity as compared to the low dose (500 mg/kg) [13].

Co-administration of ABCE and CBZ
In the co-administered study, rats were divided into control (vehi-
cle) group-III and co-administered group-IV, each comprising  
6 rats. The control group-III received vehicle and CBZ (80 mg/kg, p.o) 
simultaneously in one session. The group-IV animals were given a 
single dose of ABCE (1000 mg/kg, p.o) and CBZ (80 mg/kg, p.o) in 
the vehicle concomitantly in the one session [41].
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Blood and tissue sampling and sample preparation
In the pre-treatment group, the blood samples were collected from 
the orbital sinus of rats under phenobarbital sodium anesthesia on 
the 15th day, while from the co-administered group, on adminis-
tration session. The blood samples were collected into the heparin-
ized vacutainers at 0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 8.0, 
12.0 and 24.0 h after treatment of vehicle or drug in the above two 
studies. Plasma was separated by centrifuging blood samples for 
10 min at 5000 rpm and stored at  − 20  °C for quantitative chroma-
tographic analysis. Briefly, 100 µL of each the plasma and the inter-
nal standard, metronidazole benzoate was added to 2 mL of ace-
tonitrile, mixed vigorously and vortexed for 1 min. Samples were 
then centrifuged for 15 min at 14 000 rpm. Injected 15 µL super-
natant into the HPLC column for analysis.

At the last sampling, i. e., at 24 h of dosing in pre-treatment and 
co-administration studies, the animals were decapitated to collect 
the vital tissues such as the liver, brain, heart, and kidneys. The col-
lected organs were weighed and subjected to ultrasonic treatment. 
The maximum extraction of the drug was achieved with 50 % of 
each solvent, the acidic methanol and acetonitrile (3 mL per gram 
of tissue). The extraction included 3 cycles (15 min each) to get su-
pernatant. The tissue homogenates were then treated in the same 
manner as the plasma for sample preparation for HPLC analysis.

Analysis of CBZ in plasma and tissues homogenates
Quantification of CBZ in rat plasma and tissue homogenates was 
carried out by following the reported liquid chromatographic meth-
od after re-validation for LOD, LOQ, linearity, range and specificity 
parameters [26]. The separation was achieved using a C18 column 
(BDS Hypersil®, 150 mm × 4.6 mm × 5 µm) with eluent, consisting 
of 55 % water (1 mL Triethylamine/liter) and 45 % acetonitrile. Di-
luted phosphoric acid was used to adjust the pH of the eluent to 6. 
The flow rate was maintained at 1.0 mL/min with column oven tem-
perature 25  °C. The detection was carried out at 285 nm. The tem-
perature of the instrument room was maintained at 10 °C. The 
method was found linear over the range of 0.1 µg/mL to 6 µg/mL. 
A calibration curve was prepared to convert the peak height area 
to the concentration of CBZ. Both CBZ and internal standard (met-
ronidazole) were adjusted equivalent to 100.0 % before use.

Pharmacokinetic analysis
The plasma-concentration time data were used to construct the 
pharmacokinetic profiles and to calculate the pharmacokinetic pa-
rameters in both studies. The following parameters were comput-
ed using the non-compartmental analysis with PK Solver software: 
Peak plasma concentration (Cmax), time to Cmax (tmax), area under 
the curve from time zero to last time interval (AUC0-t), total AUC 
(AUC0-∞), mean residence time (MRT), the volume of distribution 
(Vd), rate of elimination (Ke), half life (t1/2), and clearance (Cl).

Statistical data analysis
Data were reported as the mean ± SEM and for each study, the con-
trols were compared to the experimental groups, i. e., Group I vs. 
Group II in pre-treatment study and Group III vs Group IV in the co-
administered study using the Mann-Whitney U test. Graph Pad 
Prism® Version 8.0.1.244 for Windows was used to construct 
graphs. A p < 0.05 was considered significant.
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