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Abstract
Ritonavir, a protease inhibitor drug, is commonly used in AIDS therapy. As with other
chemotherapeutic drugs that cause gastrointestinal adverse effects, ritonavir treatment is associated
with significant nausea and vomiting. This study investigated whether Scutellaria baicalensis, and
its active flavonoid constituent, baicalein, attenuate the gastrointestinal effects of ritonavir. The
effects of herb administration were evaluated in ritonavir-treated rats using a rat pica model, which
simulates nausea and vomiting in humans. The effects of herb administration on gastric emptying in
rats were also measured. Ritonavir treatment resulted in increased kaolin intake or severe pica, the
intensity of which was reduced significantly with S. baicalensis administration (1 mg kg−1; P < 0.05).
High-performance liquid chromatography analysis of S. baicalensis showed the presence of an
extremely potent flavonoid constituent, baicalein. The study aimed to determine if baicalein
contributed to the anti-pica effect of the extract. It was observed that baicalein dose-dependently
decreased pica in ritonavir-treated rats (P < 0.001). In addition to inducing pica, ritonavir also
significantly delayed gastric emptying, which could contribute to ritonavir-induced gastrointestinal
dysfunction. When S. baicalensis extract was administered to ritonavir-treated rats the delayed gastric
emptying was significantly attenuated (P < 0.05). The results suggest that S. baicalensis and the
constituent baicalein reduce the gastrointestinal dysfunction caused by ritonavir. It is concluded that
S. baicalensis may potentially have a role to play in reducing drug-induced adverse effects.

Introduction
Protease inhibitors are commonly used, potent anti-HIV drugs, which act by inhibiting viral
replication (Elperin & Sax 1996; Mangum & Graham 2001). Drugs in this class, especially
ritonavir, cause unpleasant gastrointestinal side-effects such as nausea and vomiting (Elperin
& Sax 1996). Ritonavir is currently used in anti-HIV therapy as an adjuvant to other protease
inhibitors since ritonavir inhibits the hepatic CYP 3A enzyme, thereby increasing the plasma
concentration and bioavailability of other antiviral drugs (Ernest et al 2005; Motwani & Khayr
2006). Although the ritonavir dose required for adjuvant effects is lower than that required for
a direct antiviral effect, nausea and emesis continue to be reported in at least 20% of the patients
(Barlett 2004).

Recent research on other pharmacological effects of protease inhibitors demonstrated their
ability to stimulate release of reactive oxygen species in cultured cells. Ritonavir and other
protease inhibitors stimulate endothelial cells in culture to produce excessive amounts of
superoxide radicals, resulting in cell injury and dysfunction (Chai et al 2005; Chen et al
2005). Recently published data suggested that ritonavir can increase oxidative stress in the
human body (Duong et al 2006). Since oxidant damage of the gastrointestinal mucosa has been
linked to serotonin release and consequent nausea and emesis, it was postulated that ritonavir
might cause gastrointestinal side-effects through a similar mechanism (Cubeddu 1992; Davis
et al 2002).

Nausea and emesis caused by oxidant aetiology is responsive to treatment with antioxidants
(Matsuki 1996; Yang et al 1999). Thus, treatment with antioxidant herbs may attenuate
ritonavir induced-gastrointestinal effects. The current study evaluated the effect of treatment
with Scutellaria baicalensis, and its active constituent, baicalein, on ritonavir-induced
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gastrointestinal side-effects using two rat models, the pica model and the gastric emptying
model.

Materials and Methods
Animals

The experimental protocols were approved by the Institutional Animal Care and Use
Committee of the University of Chicago. Male Wistar rats (Harlan Sprague Dawley,
Indianapolis, IN, USA), 150–300 g, were used in this study. The animals were housed in
environmentally controlled conditions with a 12-h light–dark cycle. Rats were allowed free
access to water and standard laboratory rat chow (Harlan-Teklad, Madison, WI, USA).

Preparation and analysis of S. baicalensis extract
S. baicalensis root was obtained from Beijing Chinese Herbal Medicine Company, China. The
herb sample was tested by Applied Consumer Services (Hialeah Gardens, FL, USA) and was
found to be free from toxic contaminants.

To prepare the extract, S. baicalensis root was soaked in cold water for 2 h and then cut into
small pieces (approx. 2 mm3), which were treated with hot water (approx. 95°C) for 1 h. The
filtrate obtained following the hot water treatment was evaporated under vacuum and
lyophilized. For animal treatment, the dried extract powder was dissolved in normal saline and
centrifuged (400 g; 5 min) to remove particulate residue, and the supernatant was used.

HPLC analysis of the extract was performed using a Shimadzu system on a Phenomenex
Prodigy ODS(2) column (150 × 3.2 mm, 5μm; Phenomenex, Torrance, CA, USA) at a flow
rate of 0.8 mL min−1, and the absorbance was measured at 280 nm. A sample volume of 20
μL was injected onto the column using an automatic injector. A binary gradient solvent system
of acetonitrile (eluent A) and 0.03% (v/v) phosphoric acid in water (eluent B) was used as
follows: 85% B (0.01 min), 72% B (12 min), 65% B (23 min), 50% B (30 min), 5% B (32 min),
5% B (34 min), 85% B (37 min), 85% B (42 min). Calibration curves of important flavonoid
constituents of S. baicalensis, scutellarin, baicalein and wogonin (National Institute for the
Control of Pharmaceutical and Biological Products, Beijing, China) were obtained from
standards dissolved in methanol using a series of concentrations (2–100 μg mL−1). Linear
regression of the peak areas of the standard against respective concentrations of standards was
used to calculate baicalein concentration in the extract. Baicalein, which is considered one of
the important active constituents in S. baicalensis (Gao et al 1999; Shao et al 1999, 2002; Shieh
et al 2000), was also used in the animal experiments.

Measurement of pica (kaolin intake)
Rats react to nauseous and emetic stimuli with pica, which is manifested by increased intake
of non-nutritive substances such as kaolin, a type of clay (Takeda et al 1993). Kaolin pellets
were prepared based on the method described previously (Aung et al 2003). Briefly,
pharmacological grade kaolin (or hydrated aluminum silicate; Fisher, Fair Lawn, NJ, USA)
and acacia (or Gum Arabic; Fisher, Fair Lawn, NJ, USA) were mixed using a 99:1 ratio in
distilled water. The kaolin paste was rolled and cut into pieces similar in shape to regular rat
chow pellets. The pellets were dried at room temperature for 72 h.

Rats were placed in individual isolation cages (45cm × 35cm × 25cm) and were allowed access
to both regular food and kaolin during a 3-day adaptation period prior to the study period. There
were between five and eight rats in each group, that is the vehicle group, the ritonavir group,
and the ritonavir plus S. baicalensis or baicalein groups (two doses). Rats received ritonavir
(20 mg kg−1; Abbott Laboratories, North Chicago, IL, USA) orally using a gavage tube in the
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morning on 2 consecutive days (0 h and 24 h) (Denissen et al 1997; Yamaji et al 1999; Shibata
et al 2002). S. baicalensis extract (dissolved in normal saline), baicalein (dissolved in 0.2%
DMSO in normal saline) or vehicle pre-treatment were administered intraperitoneally (Aung
et al 2003) 30 min prior to each ritonavir administration. Rats were observed immediately, at
2 h, and daily for any signs of distress.

Kaolin and food pellets were weighed to the nearest 0.1 g and placed in separate containers
within the cage each morning. The kaolin and food remaining from the previous day was
collected, dried for 72 h and weighed. Daily kaolin and food intake was measured as described
for 5 days following the first ritonavir treatment.

Measurement of gastric emptying
Rats were placed in individual cages with free access to food and water. The animals were
fasted for 24 h before the experiment but allowed free access to water until 2 h before the
experiment. There were between five and eight rats in each group, that is the vehicle group,
the ritonavir group, and the ritonavir plus S. baicalensis groups (two doses).

At time 0 h, ritonavir (20 mg kg−1) was administered orally using a gavage tube. The herb
treatment (0.7 mg kg−1 or 2 mg kg−1S. baicalensis extract, or vehicle) was given
intraperitoneally twice, at 30 min before time 0 and at time 120 min. Gastric emptying was
determined according to the method described previously (Scarpignato et al 1980). Briefly,
1.5 mL of a test meal (1.5% aqueous methylcellulose solution containing 0.5% phenol red as
an indicator) was administered using a gavage tube at 3 h following oral ritonavir. At 30 min
after the meal administration, the animals were killed by CO2 inhalation. The stomach was
removed rapidly and carefully by laparotomy and homogenized in 100 mL of 0.1 M NaOH to
measure gastric emptying. After letting the homogenate stand for 1 h at room temperature,
proteins (in 5 mL of homogenate) were precipitated with 0.5 mL trichloroacetic acid (20% w/
v), centrifuged and separated out. The supernatant was mixed with an equal volume of 0.5 M

NaOH and the sample absorbance (corresponding to phenol red concentration) was read at 560
nm using a spectrophotometer. Rats providing the standard stomach (or 0% gastric emptying)
required for the gastric emptying calculation were killed immediately after the test meal was
fed.

The percentage of gastric emptying was calculated as follows: gastric emptying (%)= (1 −
(concentration of phenol red in test stomach)/(concentration of phenol red in standard
stomach)) × 100 (Kishibayashi et al 1993). Thus, the higher the percentage of gastric emptying,
the better is the emptying.

Statistical analysis
Data were analysed in Sigmastat 3.0 using an analysis of variance. Significance was assumed
at P < 0.05.

Results
HPLC of S. baicalensis extract

A chromatogram of the S. baicalensis extract is shown in Figure 1B. The peaks in the
chromatogram were determined to be scutellarin, baicalein and wogonin following comparison
with HPLC of a standard flavonoid solution (Figure 1A). HPLC analysis showed that 1 mg of
S. baicalensis extract contained approximately 9.3 μg of baicalein, one of the most active
flavonoids found in the extract (Figure 1B). The flavonoids scutellarin and wogonin were
present at a concentration of 3.2 μg and 3.3 μg (mg of extract)−1, respectively.

Mehendale et al. Page 4

J Pharm Pharmacol. Author manuscript; available in PMC 2009 May 4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Effect of S. baicalensis on ritonavir-induced pica
Our earlier work showed that ritonavir at a dose of 20 mg kg−1 induces significant kaolin intake
(Aung et al 2005). We confirmed that significant pica was induced from 24 to 96 h following
oral ritonavir (20 mg kg−1) (Figure 2; P < 0.05). We also confirmed that S. baicalensis reduces
ritonavir-induced pica. In this study, we found that pre-treatment with 1 mg kg−1S.
baicalensis significantly reduced both the intensity and duration of pica induced by ritonavir
(P < 0.05). Food intake was not significantly affected.

Effect of baicalein on ritonavir-induced pica
Baicalein, an active flavonoid constituent found in S. baicalensis, was tested for its anti-pica
effect and its contribution to the actions of S. baicalensis extract. Our data showed that baicalein
significantly decreased ritonavir-induced pica in a dose-related manner (P < 0.01; Figure 3).
The area under the curve (AUC) for kaolin intake from time 0 h to 120 h for the vehicle group,
the ritonavir (20 mg kg−1) group, the baicalein (1 μg kg−1) plus ritonavir group, and the
baicalein (3 μg kg−1) plus ritonavir group were 82 ± 15 g h, 355 ± 32 g h, 237 ± 13 g h and
184 ± 12 g h, respectively. Food intake was not significantly affected in any group.

Effect of S. baicalensis on ritonavir-induced decrease in gastric emptying
As shown in Figure 4, in control animals, the normal gastric empting was 80%, suggesting that
80% of the test meal had emptied from the stomach at 30 min. In ritonavir-treated rats, gastric
emptying was significantly decreased to 21.6 ± 5% from 79.8 ± 6% in control rats at 30 min.
When ritonavir-treated rats were also administered S. baicalensis extract, the impairment in
gastric emptying induced by ritonavir was significantly reversed in a dose-related manner (P
< 0.05).

Discussion
Protease inhibitor drugs are efficacious antiretroviral drugs that produce several adverse
effects, including nausea and vomiting. Considering that compliance is a prerequisite for
effective antiviral therapy in AIDS, drug-induced adverse effects that prevent compliance need
to be treated. However, the compounds chosen to reduce drug-induced adverse effects should
ideally be devoid of additional adverse effects. Herbs and botanicals, with their repertoire of
multiple active constituents, are considered to be milder, non-toxic alternatives to actual drugs
and may find use in the treatment of drug-induced adverse effects. In the current study, we
tested whether ritonavir-induced gastrointestinal side-effects may be attenuated by treatment
with the botanical S. baicalensis.

S. baicalensis is a potent herb that has been popularly used in traditional Chinese medicine for
its antimicrobial, antipyretic and anti-inflammatory effects (Bensky & Gamble 1993). In recent
years, S. baicalensis was found to contain several active flavonoids (Shieh et al 2000; Shao et
al 2002). In the current study, we tested whether S. baicalensis may attenuate ritonavir-induced
pica (measure of nausea/vomiting in rats) and delayed gastric emptying. We showed that S.
baicalensis treatment significantly attenuated the gastrointestinal side-effects caused by
ritonavir.

In this study, we demonstrated that baicalein, one of the important flavonoids found in S.
baicalensis, significantly contributed to the action of the herb. HPLC analysis of S.
baicalensis extract showed that baicalein is present at a concentration of 10 μg mg−1. If
baicalein was an important contributor to the total bioactivity of the extract, then a 10 μg
kg−1 dose of baicalein should produce an anti-pica effect equivalent to that produced by 1 mg
kg−1S. baicalensis extract. From our unpublished work, we know that a dose of 10 μg kg−1 in
rats is toxic. Thus, we chose to use a lower dose of baicalein and tested the anti-pica effect at
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doses of 3 μg kg−1 and 1 μg kg−1. We demonstrated an equivalent attenuation of the ritonavir-
induced pica response in the groups treated with 3 μg kg−1 baicalein and with 1 mg kg−1S.
baicalensis (AUC: 184 ± 12 g h and 172 ± 13 g h, respectively). Thus, baicalein at a 300-times
lower dose than in the S. baicalensis extract was equally efficacious, suggesting that baicalein
is an important active constituent responsible for the activity of S. baicalensis. The results also
suggest other constituents in the herbal extract that may act to counter the effectiveness of
baicalein. Such a dynamic may be considered typical of a herbal extract composed of several
active ingredients that may have opposing actions and possibly contributing to reducing the
toxicity caused by extremely potent active ingredients.

The rat pica model was used to evaluate the symptoms of nausea and emesis. Rats exposed to
a variety of emetic stimuli experience induced feeding of non-nutritive substances such as clay,
a phenomenon that has been termed pica. Pica in rats is thus analogous to nausea and vomiting
in humans and other species (Mitchell et al 1976; Takeda et al 1993). It was also demonstrated
that pica in rats is mediated by similar mechanisms and receptors, involving serotonin and
dopamine, to nausea and vomiting in other species, including humans (Takeda et al 1993,
1995). The model has been used extensively and validated in several studies researching anti-
emetic drugs (Takeda et al 1995; Aung et al 2004). Our earlier study demonstrated a dose-
dependent pica response induced by ritonavir (Aung et al 2005). In this study, we used the pica
model to confirm that treatment with S. baicalensis and its constituent antioxidant flavonoid,
baicalein, significantly reduced ritonavir-induced pica.

We also studied the effect of ritonavir on gastric emptying, since delayed gastric emptying is
known to lead to nausea and vomiting. Drug-induced nausea and vomiting could be caused by
gastric stasis and resultant delay in gastric emptying (Perkel et al 1980; Wengrower et al
1991). Drugs such as cisplatin, a commonly used chemotherapeutic agent with a significant
emetic effect, result in gastric stasis caused by 5-HT release from the enterochromaffin cells
in the intestinal mucosa (Kishibayashi et al 1993). Apart from mediating the neural pathway
of nausea and vomiting to a significant extent, 5-HT also slows gastric motility (Buchheit et
al 1985), which could be a physical cause of nausea and vomiting (Perkel et al 1980;
Wengrower et al 1991). This is confirmed by the fact that 5-HT3 antagonists can reverse
cisplatin-induced delay in gastric emptying (Ozaki & Sukamoto 1999). We demonstrated that
ritonavir at a dose that produces a significant pica response also delayed gastric emptying in
rats. The slowing of gastric emptying with ritonavir was supported by a study using mice as
the animal model (Huisman et al 2003). We further observed that treatment with S.
baicalensis extract improved the delayed gastric emptying caused by ritonavir. Ritonavir
administration could be linked to oxidant tissue damage of the gut, with subsequent release of
5-HT (Cubeddu 1992; Chai et al 2005) and, thus, probably mediates gastrointestinal symptoms
via mechanisms similar to cisplatin.

To date, the underlining mechanism of S. baicalensis and baicalein in attenuating ritonavir-
induced gastrointestinal side-effects is not fully understood. It has been shown that nausea and
vomiting could be directly related to an increase in oxidative stress (Nicolson & Conklin
2006). For example, cisplatin is known to generate free radicals (Satoh et al 2003). Recently,
Guney et al (2007) observed a close correlation between plasma lipid peroxidation (reflecting
reactive oxygen species activity) and antioxidant levels in pregnant women suffering from
severe emesis. Furthermore, ritonavir has been shown to increase oxidative stress in humans.
After HIV-infected patients were administered ritonavir, their circulating oxidized LDL
increased significantly (Duong et al 2006), oxidized LDL being one of the established
parameters of oxidative stress (Maziere et al 2000; Ceriello et al 2005). Since S. baicalensis
possesses strong antioxidant activity, the observed effects using pica and gastric emptying
models could contribute to the herb's antioxidant activity. Related mechanistic studies will be
conducted in future investigations.
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Conclusion
Since ritonavir produces symptoms of nausea and vomiting as a result of its oxidant toxicity,
we tested whether S. baicalensis could treat these symptoms in two rat models with simulated
gastrointestinal dysfunction. The results demonstrate that S. baicalensis and its constituent,
baicalein, could be useful in treating ritonavir-induced gastrointestinal dysfunction. Systematic
investigation of potentially efficacious herbs for clinical use could help identify low-cost
alternatives to conventional pharmacological treatments, which may help improve the quality
of life of patients with chronic disease.
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Figure 1.
A. HPLC chromatogram of flavonoid standards. B. HPLC chromatogram of Scutellaria
baicalensis extract. Flavonoid peaks: 1, scutellarin; 2, baicalein; 3, wogonin. C. Structure of
baicalein, one of the important flavonoids found in S. baicalensis.
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Figure 2.
Effect of treatment with Scutellaria baicalensis extract (1 mg kg−1) on increased kaolin intake
(pica) induced by ritonavir. Ritonavir (20 mg kg−1)-induced pica decreased significantly when
treated with S. baicalensis extract (P < 0.001; n = 6–8). #Significantly different compared with
time 0 h (P < 0.05); *significantly different compared with the ritonavir group (P < 0.05). Veh,
vehicle; Rit, ritonavir; SbE, S. baicalensis extract.
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Figure 3.
Effect of treatment with baicalein (μg kg−1) on ritonavir-induced pica. Ritonavir-induced pica
decreased significantly with baicalein pre-treatment in a dose-related manner (P < 0.001; n =
5–6). The area under the curve for all groups was compared. The vehicle group (Veh + Veh)
was significantly different compared with the ritonavir-treated group (Rit + Veh; P < 0.05).
The ritonavir-treated group was significantly different compared with the group receiving
ritonavir and baicalein (Rit + Bai; P < 0.05), suggesting that baicalein treatment at a dose of 3
μg kg−1 reversed ritonavir-induced pica. *AUC significantly different compared with the Veh
+ Veh group; #AUC significantly different compared with the Rit + Veh group.
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Figure 4.
Effect of treatment with Scutellaria baicalensis extract on delayed gastric emptying induced
by ritonavir in rats. When compared with normal gastric emptying, ritonavir (20 mg kg−1)
significantly reduced gastric emptying (P < 0.001). Administering S. baicalensis extract to
ritonavir-treated rats attenuated the delayed gastric emptying significantly in a dose-dependent
manner, suggesting that the extract reduces gastrointestinal dysfunction induced by ritonavir
(P < 0.05; n = 5–8). Veh, vehicle; Rit, ritonavir; SbE, S. baicalensis extract; SbE low dose, 0.7
mg kg−1; SbE high dose, 2 mg kg−1. *Significantly different compared with control;
#significantly different compared with the Rit + Veh group.
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