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Abstract: Clinical studies that focused on treating schizophrenia showed that Calculus Bovis Sativus 
(CBS), a substitute of Calculus Bovis, when used in combination with haloperidol could significantly 
lower the dosage of haloperidol compared with treatment with haloperidol alone, whereas efficacy 
was maintained. The aim of this study was to investigate the synergetic anti-schizophrenia effects in 
rats using CBS in combination with haloperidol. An open field test was conducted to verify the 
pharmacodynamic effects of a combination treatment of CBS and haloperidol on MK-801-induced 
schizophrenic rats. Rat plasma concentrations of intragastric haloperidol and intravenous haloperidol 
were determined after oral administration of a single dose or 1-week of pretreatment with CBS (50 
mg/kg). The pharmacodynamic data showed a significant decrease in locomotor activity and an 
increase in the percentage of the central distance when haloperidol was concomitantly administered 
with CBS compared with haloperidol administration alone. The AUC0-∞ and Cmax of haloperidol in the 
orally coadministered groups were significantly higher compared with the oral treatment with haloperidol 
alone. In conclusion, oral coadministration of CBS with haloperidol resulted in a synergistic effect in 
rats. The enhanced oral bioavailability of haloperidol when combined with CBS might be attributed 
to the interaction between them.
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Introduction

Schizophrenia is a debilitating disorder that afflicts 
roughly 1% of the world population. Haloperidol is a 
well-known dopamine antagonist and a typical antipsy-
chotic drug, which is widely used to treat schizophrenia 
and manic states [18]. However, with regard to the 
clinical outcome of haloperidol treatment, extensive 

interindividual variabilities have been observed, and 
clinical application of haloperidol is restricted by extra-
pyramidal side effects [17, 34, 35]. Numerous studies 
have shown improvement of clinical outcome and reduc-
tion of the adverse drug reactions of haloperidol treat-
ment [11, 35, 36]; however, the results are limited.

Calculus Bovis (CB, known as Niuhuang in China) is 
a traditional Chinese medicine that has long been used 
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for alleviating symptoms of neurological diseases [4]. 
Calculus Bovis Sativus (CBS) is a substitute of CB with 
a definite chemical profile [4, 41], which has already 
been included in the Pharmacopoeia of the People’s Re-
public of China [6]. Bile acids, bilirubin, and taurine are 
considered the main effective components in CBS [38, 
41]. In our previous work, we simultaneously quantified 
taurine and 12 bile acids using high-performance liquid 
chromatography coupled with tandem mass spectrom-
etry (HPLC-MS/MS) to control the quality of CBS [10].

Hitherto, traditional medicine (TM) has played an im-
portant role in the treatment of neurological diseases. 
Moreover, a combination of TM and western medicine 
can greatly improve clinical efficacy and is accepted by 
various countries, such as China, Japan, india, and South 
Korea [5, 27]. Previous pharmacological studies have 
shown that CBS was beneficial in treating neurological 
diseases, including hyperlipemia vascular dementia [43]. 
Recently, a clinical study demonstrated that a combina-
tion of CBS and haloperidol significantly reduced the 
dosage of haloperidol in treating schizophrenia compared 
with haloperidol treatment alone. in addition, the anti-
schizophrenic efficacy was maintained, and side effects, 
such as extrapyramidal reactions and tachycardia, were 
reduced [39]. The mechanism underlying the synergy 
between haloperidol and CBS is unclear and needs to be 
further investigated. Therefore, in this study, we investi-
gated the synergic effects of haloperidol and CBS in MK-
801-induced schizophrenia in rats. Our findings sug-
gested that CBS enhanced the anti-schizophrenic 
efficacy of haloperidol by increasing its bioavailability.

Materials and Methods

Chemicals and reagents
Haloperidol was obtained from Hunan Dongting phar-

maceutical Co., Ltd., (Changde, China), midazolam 
(internal standard, iS) was obtained from Sigma-aldrich 
(St. Louis, MO, purity≥98%), and dizocilpine maleate 
(MK-801) was obtained from Cayman Chemical Co., 
Ltd., (ann arbor, uSa). MK-801 was dissolved in ster-
ile normal saline prior to use. HPLC-grade acetonitrile 
was purchased from Thermo Fisher Scientific India Pvt. 
Ltd., (Mumbai, india). analytical-grade solvents, chem-
icals, and reagents were used and were purchased lo-
cally.

Calculus Bovis Sativus (Lot: 2016–05-16) was pro-
vided by Wuhan Jianmin Dapeng Pharmaceuticals Co., 

Ltd., (Wuhan, China), and dissolved in normal sterile 
saline. The effective components (taurine and bile acids) 
in CBS were quantified by a HPLC-MS/MS approach 
described in our previous study [10].

Animals
Male Sprague Dawley rats (6–8 weeks old, weighing 

180–200 g) were obtained from the Experiment Animal 
Center of Tongji Medical College, Huazhong univer-
sity of Science and Technology (SCXK2015-0018, Hu-
bei, China). The animals were housed under temperature- 
(22 ± 2°C), humidity- (50 ± 10%), and light-controlled 
conditions (inverted 12-h light/dark cycle), and food and 
water were available and given ad libitum. all studies 
were approved by the animal ethics Committee of 
Tongji Medical College, Huazhong university of Science 
and Technology. all procedures and experiments con-
ducted were consistent with the national institutes of 
Health Guide for the Care and use of Laboratory ani-
mals.

Pharmacodynamic study
Drugs and dosage: Based on previous studies [1, 28], 

a single administration of 0.1 mg/kg MK-801 was used 
to generate a schizophrenia-like animal model. The dos-
age schedules of haloperidol and CBS were converted 
by means of body surface area to conform to the human 
clinical schedule as described in the commercial product 
data sheet [29, 30, 39]. Animals were randomly assigned 
to nine experimental groups (n=10 per group). Treatment 
groups were designated as the control group, model 
group, haloperidol (1.4 mg/kg) group, haloperidol com-
bined CBS groups (50, 100, 150 mg/kg), and CBS groups 
(50, 100, 150 mg/kg). In the haloperidol combined CBS 
groups and the CBS groups, rats were administered one 
daily dose of CBS intragastrically for 7 consecutive days. 
On the 7th day, haloperidol was administered by oral 
gavage 30 min after sterile normal saline or CBS admin-
istration, in both the haloperidol group and haloperidol 
combined CBS groups. The control and model groups 
were treated with a similar volume of normal saline (1 
ml/100 g of weight). except for those in the control 
group, all rats were injected intraperitoneally with MK-
801 on the 7th day after the haloperidol and CBS admin-
istration.

Open field test: Open fields (100 cm × 100 cm × 40 
cm) equipped with a video-based EthoVision system 
(noldus information Technology, Wageningen, nether-
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lands) were placed in a light- and sound-attenuated room 
provided with indirect and homogenous illumination. a 
video camera (apple inc., Cupertino, Ca, uSa) that was 
hung connected one meter above the arena floor was used 
to monitor the animals’ activities. after the drug treat-
ment, the rats were transferred immediately to a holding 
cage and transferred to the testing room. after 10 min 
of acclimation, they were placed in a central start posi-
tion in the open arena and allowed to explore for 5 min. 
after each session, in which the rats were tested once, 
the arena was cleaned with 70% ethanol. The changes 
in distance of locomotor activity and percentage of the 
distance travelled in the center zone were measured as 
the difference between groups [37].

evaluation of malonaldehyde, nitric oxide, and super-
oxide dismutase levels in cerebral tissue: after the open 
field test, the animals were deeply anesthetized using 
isoflurane anesthesia delivered in 1.5% oxygen and de-
capitated with a guillotine. Brains were removed and 
placed on a 4°C ice plate and dissected for the following 
purposes: Brains were prepared as 10% homogenates 
using precooled normal saline (which is 9 times as heavy 
as the brain) and centrifuged at 3,500 rpm for 10 min at 
4°C. The supernatant was collected to determine the 
activity of the superoxide dismutase (Superoxide Dis-
mutase Detection Kit, nanjing Jiancheng Bioengineering 
institute, nanjing, China) and malonaldehyde (Malonal-
dehyde Detection Kit, nanjing Jiancheng Bioengineering 
institute, nanjing, China) and nitric oxide (nitric Oxide 
Detection kit, nanjing Jiancheng Bioengineering insti-
tute, nanjing, China) contents according to the manu-
facturers’ instructions.

Pharmacokinetic study
Drug administration and blood sampling: Rats were 

randomly divided into six groups (n=7 per group). Three 
groups were orally given haloperidol (1.4 mg/kg), where-
as the other three groups were intravenously adminis-
tered haloperidol (0.7 mg/kg). CBS (50 mg/kg) was 
coadministered orally with haloperidol in either a single 
dose or multiple doses (7 days, once a day). Animals 
were anesthetized by very brief exposure (1–2 min) to 
isoflurane anesthesia delivered in 1.5% oxygen. Blood 
samples were collected immediately following evalua-
tion of reflexes and physiological parameters. This pro-
cedure was used at all individual time points. Blood 
samples (approximately 0.3 ml each) were collected via 
retro-orbital puncture at 0, 0.13, 0.25, 0.50, 0.75, 1.0, 

1.5, 2.0, 4.0, 6.0, 10, and 24 h in plastic tubes containing 
200 u/ml heparin after intragastric (i.g.) or intravenous 
(i.v.) administration of haloperidol. The supernatants 
were obtained after centrifugation at 4,000 rpm for 10 
min at 4°C and stored at −20°C until further use.

In vitro study: isolated everted gut sac experiments 
were performed to evaluate the effects of CBS treatment 
on the absorption of haloperidol. animals were exsan-
guinated by femoral artery blood sampling after being 
anesthetized with isoflurane, and the entire ileum of each 
rat was flushed with 50 ml of ice-cold saline. Subse-
quently, the ileum was isolated and divided into two 
segments of equal length. Each segment was everted, 
and a 10-cm-long everted sac was prepared. The sac was 
immersed in Krebs-Ringer buffer (artificial intestinal 
juice) in which CBS (0.2, 0.4, or 0.6 mg/ml) and halo-
peridol (0.005 mg/ml) were dissolved, and the solution 
was bubbled with a mixture of 95% O2 and 5% CO2 at 
37°C [15]. The artificial intestinal juice was collected at 
20, 40, 60, 80, 100, and 120 min from the serosal side 
of the ileum and analyzed by HPLC-MS/MS.

Sample preparation: Aliquots of plasma or artificial 
intestinal juice (100 µl) were added to 10 µl of IS (500 
ng/ml) solution and 1.1 ml of ethyl acetate. The solution 
was mixed and vortexed for 2 min. after centrifugation 
at 12,000 rpm for 10 min at 4°C, the supernatant was 
transferred to a clean microtube, and the solvent was 
evaporated to dryness under a gentle stream of nitrogen 
gas at 35°C. The residue was reconstituted with 200 µl 
of methanol, and a 10 µl aliquot was injected into the 
HPLC-MS/MS system for analysis. Quality control (QC) 
samples were prepared in bulk at concentrations of 2, 20 
and 180 ng/ml (a single batch at each concentration) in 
the same manner based on independent weighing of 
standard drugs.

HPLC-MS/MS analysis: a rapid, sensitive, and selec-
tive HPLC-MS/MS approach was established and vali-
dated for the analysis of haloperidol in rat plasma. 
Briefly, after being extracted and redissolved, haloperi-
dol and iS were subjected to HPLC-MS/MS analysis 
using positive electrospray ionization under multiple 
reaction monitoring mode. The mass spectrometer was 
set to monitor the transitions of the precursors to the 
product ions as follows: m/z 376.2 to 165.1 for halo-
peridol and m/z 326.1 to 291.2 for midazolam. The chro-
matographic separation was achieved using a Symme-
try® C18 (2.1 mm×50 mm, 3.5 µm) column with 10 
mmol/l ammonium acetate (pH 7.4 adjusted with formic 
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acid)-acetonitrile as a mobile phase and a gradient elu-
tion. The flow rate was kept at 0.3 ml/min. A 10 µl aliquot 
of each sample was loaded onto the column, separated, 
and eluted using the following gradient (mins,% mobile 
phase B): 0 min, 5%; 1 min, 5%; 2 min, 95%; 4 min, 
95%; 4.01 min, 5%; and 6 min, 5%. The column tem-
perature was maintained at 40°C. The lower limit of 
quantification (LLOQ) for haloperidol was 1 ng/ml.

Statistical analysis
Data are presented as the mean ± standard deviation 

(SD). Pharmacodynamic parameters were calculated by 
Microsoft Excel 2013 (Microsoft Inc., Redmond, WA, 
USA) and a video-based EthoVision system. Pharmaco-
kinetic parameters were calculated using a non-compart-
ment model, and non-compartmental analysis was per-
formed using the proprietary DaS (Drug and Statistics) 
computer software package (version 3.2.8, Chinese 
Pharmacology Society, Beijing, China). The pharmaco-
kinetic parameters included area under the blood con-
centration-time curve (AUC0-∞), half-life (t1/2), apparent 
plasma clearance (CL/F), maximum blood drug concen-
tration (Cmax), and time to Cmax (tmax), and bioavailabil-
ity (F). The rate of drug transport in the rat’s isolated 
everted gut sacs was expressed as the apparent perme-
ability coefficient (Papp). Pharmacokinetic parameters 
between different groups were subjected to one-way 
analysis of variance (ANOVA) using the IBM SPSS 19.0 
software (iBM Corp, armonk, nY, uSa) followed by 
post hoc comparison tests. Rat plasma concentration time 
profiles and haloperidol absorption through the ileum 
were analyzed by using repeated measures ANOVA. A 
P value<0.05 was considered statistically significant.

Results

Effective components of the CBS
The effective components in CBS in this study were 

quantified by an HPLC-MS/MS approach described in 
our previous study [10]. The CBS used in this study 
contained 61.13 mg/g taurine, 69.04 mg/g cholic acid 
(CA), 25.52 mg/g deoxycholic acid (DCA), 0.30 mg/g 
ursodeoxycholic acid (UDCA), 6.88 mg/g chenodeoxy-
cholic acid (CDCa), 0.2 mg/g hyodeoxycholic acid 
(HDCA), 14.36 mg/g taurocholic acid (TCA), 3.58 mg/g 
tauroursodeoxycholic acid (TDCA), 0.3 mg/g taurour-
sodeoxycholic acid (TUDCA), 0.46 mg/g taurocheno-
deoxycholic acid (TCDCA), 10.23 mg/g glycocholic acid 
(GCA), 3.11 mg/g glycodeoxycholic acid (GDCA), and 
2.89 mg/g glycochenodeoxycholic acid (GCDCA) (Fig. 
1).

Pharmacodynamics study
Synergistic effects of haloperidol combined with CBS 

decrease the locomotor activity of MK-801-treated rats: 
initially, pharmacodynamic studies in rats were con-
ducted to investigate the synergistic effect of oral coad-
ministration of haloperidol and CBS. in the model group, 
a significant increase in locomotor activity was observed 
compared with the control group (Fig. 2a). administra-
tion of CBS (50, 100, 150 mg/kg) did not induce sig-
nificant changes compared with the model group (Fig. 
2a). Furthermore, the increase in horizontal locomotion 
was significantly blocked by the combined use of halo-
peridol (1.4 mg/kg, i.g.) and CBS (50, 100, 150 mg/kg) 
(P<0.01) (Fig. 2a). Combined treatment of haloperidol 
and CBS reduced MK-801-induced locomotion by ap-

Fig. 1. Multiple reactions monitoring chromatogram of a representative sample of Calculus Bovis 
Sativus.
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proximately 25%. Groups that showed significant chang-
es in locomotor activity were compared, and the results 
are shown in Fig. 2a.

A significant decrease in the percentage of the central 
distance was observed in the model group (Fig. 2B). 
Administration of CBS (50, 100, 150 mg/kg) did not 
induce significant changes compared with the model 
group (Fig. 2B). in addition, the increase in anxiety 
level was significantly reduced by combined treatment 
of haloperidol (1.4 mg/kg, i.g.) and CBS (50, 100, 150 
mg/kg) (P<0.01) (Fig. 2B). Moreover, the combination 
of haloperidol and CBS increased the percentage of the 
central distance by 2.5-fold. Groups that showed a sig-
nificant change in the percentage of the central distance 
were compared, and the results are shown in Fig. 2B.

Combined use of CBS and haloperidol can improve 
oxidative stress in brain tissue: We also tested the effects 
of haloperidol treatment alone and the combination of 
haloperidol and CBS on changes in biochemical markers 
in cerebral tissue. Compared with the model group, 
malonaldehyde levels were significantly decreased, and 
the activity of superoxide dismutase and nitric oxide 
contents were significantly increased in the cerebral tis-
sue of rats treated with in haloperidol or CBS (Table 1). 
Moreover, the antioxidant effect in the cerebrum was 
better after coadministration of haloperidol with CBS 
compared with haloperidol treatment alone (Table 1).

Pharmacokinetic study
HPLC-MS/MS spectrum of haloperidol: a pharmaco-

Fig. 2. Effect of CBS and haloperidol on MK-801-induced behavior in the open field test in rats. Total locomotor activity (A) and the 
percentage of the central distance (B) are shown. All rats were evaluated for 5 min after a 10 min period of acclimation. **P<0.01 
vs. control group; ##P<0.01 vs. model group; &P<0.05 vs. haloperidol group. Data are presented as the mean ± SD (n=10).

Table 1. Effects on superoxide dismutase, malonaldehyde, and nitric oxide in cerebral tissue of rats with MK-801-induced schizo-
phrenia in rats

Groups Dose (mg/kg) Superoxide dismutase (u/mg) Malonaldehyde (nmol/mg) Nitric oxide (μmol/g)
Control – 54.63 ± 5.36 1.80 ± 0.21 2.51 ± 0.34
Model – 41.21 ± 4.35** 5.61 ± 0.35** 1.24 ± 0.28**
Haloperidol 1.4 48.21 ± 6.32## 2.51 ± 0.51## 2.05 ± 0.55##

Haloperidol + CBS 1.4 and 50 53.21 ± 5.32& 2.10 ± 0.21& 2.34 ± 0.51&&

1.4 and 100 53.61 ± 7.61& 2.13 ± 0.24 2.46 ± 0.21&&

1.4 and 150 55.62 ± 9.21&& 2.11 ± 0.35& 2.34 ± 0.24&&

CBS 50 43.21 ± 6.22 5.42 ± 0.54 1.25 ± 0.23#

100 48.21 ± 4.61# 5.14 ± 0.61# 1.42 ± 0.68#

150 49.51 ± 6.51# 4.55 ± 0.61## 1.51 ± 0.56#

**P<0.01 vs. control group. #P<0.05 or ##P<0.01 vs. model group. &P<0.05 or &&P<0.01 vs. haloperidol group. Data are pre-
sented as the mean ± SD (n=10 per group).
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kinetic study was employed to investigate the intrinsic 
pharmacokinetic interaction between haloperidol and 
CBS. The HPLC-MS/MS approach as described above 
was selective and specific. Representative chromato-
grams obtained from blank plasma, plasma spiked with 
the LLOQ standard (1 ng/ml), and plasma harvested from 
a rat 15 min after i.v. administration of haloperidol are 
shown in Fig. 3. in blank rat plasma, no interfering peaks 
from endogenous compounds were observed at the reten-
tion times of haloperidol or the iS obtained from six 

different lots. The retention times of haloperidol and the 
IS were 4.48 and 2.04 min, respectively. As shown in 
Fig. 3, the proposed HPLC-MS/MS approach clearly 
determined haloperidol in rat plasma. Therefore, this 
approach was chosen for investigating the pharmacoki-
netic interaction in rats after i.g. and i.v. administration 
of haloperidol.

Effect of CBS on the pharmacokinetics of haloperidol: 
The mean plasma concentration-time profiles of halo-
peridol following i.g. (1.4 mg/kg) or i.v. (0.7 mg/kg) 

Fig. 3. Representative multiple reactions monitoring chromatograms for haloperidol (a) and iS (b) in rat plasma 
samples. (a) Blank plasma sample, (B) plasma spiked with haloperidol at the LLOQ level and the iS, and 
(C) rat plasma sample from a rat 15 min after intravenous administration of haloperidol.
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administration to rats in the presence or absence of CBS 
(50 mg/kg) are shown in Fig. 4. The corresponding phar-
macokinetic parameters are shown in Table 2. Compared 
with the haloperidol group, in which rats were orally 
given haloperidol alone, short-term CBS treatment sig-

nificantly (P<0.01) increased the AUC0-∞ of haloperidol 
by 74.6% and Cmax of haloperidol by 63.2%. Similarly, 
long-term CBS treatment significantly (P<0.01) in-
creased the AUC0-∞ of haloperidol by 82.9% and Cmax 
of haloperidol by 80.9% (Table 2). In addition, CBS 
significantly increased the absolute bioavailability (F) 
of haloperidol when compared with the haloperidol 
group (P<0.05) (Table 2). Moreover, CBS treatment 
slightly prolonged the t1/2 of haloperidol, and the CL/F 
of haloperidol was decreased (P<0.05) (Table 2).

When haloperidol was administered i.v., AUC0-∞, 
Cmax, and t1/2 were not statistically different between 
groups (Table 2). in addition, the pharmacokinetics of 
i.v. administration of haloperidol were not affected by 
CBS treatment. These results suggested that when halo-
peridol and CBS were administered simultaneously, a 
possible pharmacokinetic interaction may have occurred 
during the process of intestinal absorption; however, this 
does not affect the phase of metabolism or renal elimina-
tion.

in vitro everted gut sac experiment: The rat ileum was 
employed to investigate whether the absorption of halo-
peridol was affected by CBS treatment in the intestine. 
We determined the transport of haloperidol from muco-
sal to serosal surfaces across the everted rat ileum in the 
absence or presence of CBS. in the presence of CBS, the 
absorption of haloperidol through the everted rat ileum 
was significantly altered compared with the control (Fig. 
5). Table 3 shows the apparent permeability coefficient 
(Papp) of haloperidol in the ileum. Thus, our results in-
dicated that CBS treatment significantly increased the 
Papp of haloperidol in the ileum (P<0.05).

Discussion

Presently, combination therapies of TM and western 

Fig. 4. Rat plasma concentration-time profiles of i.g. haloperidol 
(a) and i.v. haloperidol (B) after administration of a single 
dose or a 1-week pretreatment of CBS (50 mg/kg). Data 
are presented as the mean ± SD (n=7 per group). *P<0.05 
or **P<0.01 for haloperidol + CBS-single group vs. halo-
peridol group. #P<0.05 or ##P<0.01 for haloperidol + CBS-
multiple group vs. haloperidol group. Data are presented 
as the mean ± SD (n=10).

Table 2. Pharmacokinetic parameters of haloperidol after a single dose or a 1-week pretreatment of CBS in rats

Parameter
Oral administration intravenous administration

Haloperidol Haloperidol + 
CBS-single

Haloperidol + 
CBS-multiple Haloperidol Haloperidol + 

CBS-single
Haloperidol + 
CBS-multiple

AUC0-∞(ng.h/ml) 43.3 ± 10.8 75.6 ± 12.6** 79.2 ± 12.4** 188.4 ± 20.5 168.5 ± 35.8 174.0 ± 32.6
t1/2 (h) 5.9 ± 1.7 6.8 ± 1.8 6.6 ± 1.7 2.9 ± 0.7 2.6 ± 0.7 2.5 ± 0.7
Tmax (h) 0.9 ± 0.2 0.9 ± 0.2 0.7 ± 0.3 – – –
Cmax (ng/ml) 6.8 ± 2.2 11.1 ± 2.5** 12.3 ± 3.0** – – –
CL/F (l/h/kg) 17.1 ± 4.3 10.2 ± 12.4** 12.9 ± 2.7** 3.8 ± 0.4 4.6 ± 1.1 4.1 ± 0.8
F (%) 23.0 ± 5.7 40.1 ± 7.9* 42 ± 7.1* – – –

*P<0.05 or **P<0.01 compared with haloperidol group. Data are presented as the mean ± SD (n=7 per group).
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medicine are increasingly applied in clinical practice. 
Over the past decade, a number of significant TM-drug 
interactions have been reported [12, 13, 23]. Therefore, 
numerous studies have focused on understanding under-
lying mechanisms of action involved. in general, two 
types of TM-drug interactions exist: pharmacodynamic 
and pharmacokinetic interactions. Pharmacodynamic 
interactions arise as the pharmacological effects of TM 
synergize or antagonize the pharmacological actions of 
a prescribed drug. For example, naringenin did not affect 
the pharmacokinetics of pioglitazone; however, it at-
tenuated the hypoglycemic actions of pioglitazone via 
pharmacodynamic interactions that affect adipokine 
expression and/or PPARγ ligand-binding activity [20]. 
Most importantly, various TM-drug interactions are of 
pharmacokinetic origin [3] and arise from the ability of 
TM to regulate the activity of metabolic enzymes or 
transporters or influence the gastrointestinal environ-
ment.

Compound preparations that contain CBS have been 
extensively used as a single therapy or combined with 
antipsychotics in treating schizophrenia [19, 32, 42]. 
Recently, Li et al. [19] demonstrated that efficacy against 

human schizophrenia was enhanced through the com-
bined use of a niuhuang ningong tablet (which primar-
ily contains CB) and risperidone. Moreover, when used 
as a combination of CBS and haloperidol, the dosage of 
haloperidol used could be significantly lowered, while 
maintaining efficacy and reducing the incidence of side 
effects in the clinic [39].

To evaluate the possible pharmacodynamic interac-
tions of haloperidol and CBS, an anti-schizophrenia 
study was performed in rats, followed by evaluation of 
biochemical indicators in cerebral tissue. The open field 
test showed that the extent of locomotor activity was 
higher in the rat model group compared with the control 
and treatment groups (Fig. 2). These results were in 
agreement with previous studies that described specific 
behavioral characteristics of rats, such as high levels of 
exploration in a novel environment [1, 7, 9, 16]. Data 
analysis showed that haloperidol alone or the combined 
use of haloperidol and CBS attenuated psychosis-like 
behaviors such as hyper-locomotor activity and anxiety 
(evaluated by the percentage of the central distance) in 
MK-801-induced rats (Fig. 2). Moreover, the combined 
use of haloperidol and CBS showed better inhibition of 
the locomotor activity and anxiety compared with treat-
ment with haloperidol alone. These results implied that 
for schizophrenia resistance, CBS played a synergic role 
with haloperidol.

Oxidative stress is one of the key players in nerve 
impairments induced by schizophrenia. Studies have 
shown that current treatments that impact oxidative path-
ways may reverse pro-oxidative states in schizophrenia 
[21, 31]. Our results showed that in the model group, the 
levels of malonaldehyde increased, whereas the activity 
of superoxide dismutase and nitric oxide content de-
creased. after single or combination treatment of halo-
peridol (1.4 mg/kg, i.g.) and CBS, the above indexes 
significantly improved (Table 2), which indicated that 
both haloperidol and CBS have antioxidant activity. CBS 
had an antioxidant effect, which was consistent with our 
previous report indicating that CBS alleviated oxidative 
damage in rats with cholestasis [40].

Table 3. Apparent permeability coefficient of haloperidol in everted rat ileum

Groups Haloperidol Haloperidol + CBS-low Haloperidol + CBS-medium Haloperidol + CBS-high

Papp (10-4 cm/s) 13.35 ± 1.54 17.83 ± 3.17* 19.99 ± 1.93** 21.86 ± 2.13**

The concentrations of CBS were low, medium, and high (0.2, 0.4, 0.6 mg/ml). *P<0.05 or **P<0.01 compared with halo-
peridol group. Data are presented as the mean ± SD (n=4 per group).

Fig. 5. Haloperidol absorption through the ileum. The concentra-
tions of CBS used were low, medium, and high (0.2, 0.4, 
0.6 mg/ml). *P<0.05 or **P<0.01 for haloperidol + CBS-
low group vs. haloperidol group. #P<0.05 or ##P<0.01 for 
haloperidol + CBS-medium group vs. haloperidol group. 
&P<0.05 or &&P<0.01 for haloperidol + CBS-high group 
vs. haloperidol group. Data are presented as the mean ± 
SD (n=4 per group).
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To investigate possible pharmacokinetic interaction, 
an HPLC-MS/MS approach was applied to determine 
plasma concentrations of haloperidol in rats with or 
without oral administration of a single dose or a 1-week 
pretreatment of CBS (50 mg/kg). Our results indicated 
that CBS treatment changed the pharmacokinetic char-
acteristics of haloperidol when haloperidol was taken 
orally; however, it did not affect metabolism and clear-
ance of haloperidol after i.v. administration. Compared 
with the oral control group that was given haloperidol 
alone, the AUC0-∞ and Cmax of haloperidol were signifi-
cantly increased when the rats were pretreated with CBS 
(Fig. 4A; P<0.05). This indicated that CBS was effective 
in promoting the absorption of haloperidol. in addition, 
our data showed that CBS had little effect on pharmaco-
kinetic characteristics of haloperidol when given i.v. 
(Fig. 4B). This may be explained by the fact that the i.v. 
route bypasses the oral absorption phase, and therefore 
the elimination phase cannot be affected by CBS. There-
fore, we conclude that after oral administration of halo-
peridol, CBS treatment affects absorption rather than 
distribution, metabolism, and excretion.

Haloperidol is mainly absorbed and passively trans-
ported in the ileum segment of the small intestine of rats 
[22, 26]. Therefore, we used an isolated approach by 
vascular and luminal perfusion of the ileum of rats to 
assess the intestinal absorption of haloperidol. Our data 
from analysis of Papp indicated that the three concentra-
tions of CBS used significantly increased the uptake of 
haloperidol in the ileum (Fig. 5) [2, 14, 33]. Combined 
with the pharmacokinetic interactions, these results in-
dicated that CBS may increase the absorption of halo-
peridol, thereby increasing its bioavailability. Our find-
ings suggested that CBS enhanced the anti-schizophrenia 
efficacy of haloperidol by increasing its bioavailability.

The oral absorption of haloperidol not only depends 
on the characteristics of the compound but also depends 
on the gastrointestinal environment. The promotion of 
the absorption of haloperidol in the gut caused by CBS 
treatment could be attributed to bile acids and salts. Bile 
acids and salts present in CBS have been demonstrated 
to be endogenous surfactants, which have been widely 
used as absorption enhancers to increase drug transport 
across various biological barriers, such as the blood-
brain barrier, skin, mucosa, nasal, cornea, pulmonary, 
and intestinal membranes [8, 24, 25]. Therefore, bile 
acids may contribute to increased absorption of halo-
peridol into the bloodstream.

Conclusions
To our knowledge, our study is the first to show that 

coadministration of haloperidol and CBS changes phar-
macodynamics and pharmacokinetics of haloperidol in 
rats. The data indicated that combined use of haloperidol 
and CBS may provide synergistic effects on the pharma-
codynamics of haloperidol due to alterations in the in-
testinal absorption of haloperidol. This phenomenon may 
increase the body’s exposure to haloperidol, and there-
fore, the dose of haloperidol can be reduced when used 
in combination with CBS. The combination of halo-
peridol and CBS may provide a therapeutic benefit in 
that CBS enhances bioavailability and lowers the dose 
of administration of haloperidol. in conclusion, the 
knowledge gained in this study regarding possible inter-
actions of haloperidol may be helpful for physicians as 
well as patients who receive CBS treatment. Therefore, 
human studies should be conducted that assess the 
clinical relevance of the synergistic effects between 
haloperidol and CBS.
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