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The aim of this study was to examine whether Xuesaitong, a multiherbal formulation for coronary heart disease, alters the
pharmacokinetics of losartan. Adult male Sprague Dawley rats randomly received losartan (10 mg/kg) or losartan plus Xuesaitong
(10 mg/kg) through an oral gavage (n = 6). Multiple blood samples were obtained for up to 36 h to determine the concentrations of
losartan and its active metabolite, EXP3174, through ultraperformance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Pharmacokinetics were estimated using a noncompartmental model. The half-life (¢;,,) of losartan was de-
creased by Xuesaitong (4.26 +1.51 vs. 6.35+2.10h; P <0.05). The apparent volume of distribution (V) of losartan was also
decreased by the combination of losartan and Xuesaitong (4.41+1.61 vs. 7.20+2.41 mL; P <0.05). The time to maximum
concentration (7p,,,) of losartan was increased by Xuesaitong (1.06 + 1.04 vs. 0.13 + 0.05 h; P < 0.05). Xuesaitong also decreased the
t17, of EXP3174 (8.22 + 1.41 vs. 6.29 + 1.38 h; P < 0.05). These results suggest that there is a complex interaction between losartan
and Xuesaitong. In addition to enhanced elimination of losartan and EXP3174, Xuesaitong may also decrease the absorption rate
and V4 of losartan.

1. Introduction

Xuesaitong is a traditional Chinese medicine with multiple
pharmacological activities. Major components of Xuesaitong
are saponins from Panax notoginseng (PNS), including gin-
senoside Rb;, ginsenoside Rg;, and notoginsenoside R; [1].
P. notoginseng has been used to treat coronary artery disease
for centuries in China [2, 3]. Xuesaitong increases blood
supply to the myocardium, alleviates symptoms of angina
pectoris, and reduces nitroglycerin dosage in patients with
angina [4, 5]. Many patients receiving angiotensin-II-receptor
antagonists for hypertension also receive Xuesaitong [6-8].

As a nonpeptide angiotensin-II-receptor antagonist,
losartan is the first of its kind in the market [9-11]. Upon oral
administration, losartan is metabolized into EXP3174—which
is an active carboxylic-acid metabolite—by the cytochrome
P450 subtypes, CYP3A4 and CYP2C9 [12, 13]. The elimi-
nation of EXP3174 also requires cytochromes CYP3A4 and
CYP2C9 [12]. In comparison with losartan, EXP3174 has a
much higher affinity for the angiotensin-II receptor and is
mostly responsible for losartan’s pharmacodynamic proper-
ties [14].

Metabolic drug interactions can occur when an herbal
medicine and chemical pharmaceutical are coadministered
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such that the herbal medicine may alter the metabolism of
the pharmaceutical via induction or obstruction of CYP450
isoforms [15]. A previous study showed that PNS can induce
CYPI1A2 [16], which ultimately affects the pharmacokinetic
profiles of xenobiotics that are primarily metabolized by
CYPI1A2 [17]. A previous study in rats showed that noto-
ginsenoside R}, a major active ingredient of Xuesaitong [18],
inhibits CYP1A2 but not CYP2C11, CYP2D1, or CYP3A1/2
[19]. However, it is unclear whether other components in
Xuesaitong affect the metabolism of losartan by CYP450 and
whether some main components also influence the meta-
bolism of losartan via CYP3A4 and CYP2C9. In this study,
we examined the impact of Xuesaitong on the pharmaco-
kinetic profile of losartan upon oral administration in rats.
EXP3174 was examined simultaneously to capture the
broader spectrum of potential interactions.

2. Methods

2.1. Materials and Reagents. Losartan (purity >98%) and
irbesartan, the latter of which was used as an internal standard
(IS; purity >98%), were obtained from the National Institute
for the Control of Pharmaceutical and Biological Products
(Beijing, China). EXP3174 (purity >98%) was obtained from
Toronto Research Chemicals (Toronto, Canada). Figure 1
shows the chemical structures of losartan, irbesartan, and
EXP3174. Xuesaitong (tablet form) was purchased from
Yunnanweihe Pharmaceutical Co., Ltd. (Yunnan, China).
Losartan (tablet form) was purchased from Merck Sharp &
Dohme Pty. Ltd. (South Granville, NSW, Australia). Formic
acid and methanol were of mass-spectrometry grade and were
acquired from Thermo Fisher Scientific (Waltham, MA,
USA). A Milli-Q water-purification system (Millipore, Mil-
ford, MA, USA) was used to generate ultrapure water. Ad-
ditional reagents were of analytical grade and were purchased
from commercial companies.

2.2. Experimental Design. Approval was obtained from the
Animal Ethics Committee of the Second Military Medical
University (Shanghai, China) for all of the animal experi-
mental procedures. Male adult Sprague Dawley rats (180-
220 g; Sino-British SIPPR/BK Lab, Shanghai, China) were
housed at 50+ 10% relative humidity and 22 + 2°C. Water
and standard-rate chow were available ad libitum. The rats
were allowed to acclimate for ten days and were then fasted
for 12 h before experiments.

Twelve rats (six per group) randomly received losartan
(10 mg/kg), either with or without Xuesaitong pretreatment
(10 mg/kg, 5min earlier), through an oral gavage. Dosage
calculations were performed according to the body-surface-
area ratio between human subjects and rats. A pestle was
used to grind losartan and Xuesaitong tablets into powder,
which was then dissolved in 5mL of water before being
added to a 10 mL of 1.5% Tween 80 solution (as a solubilizer)
for homogenization. Blood samples (0.2 mL) were obtained
via the tail vein at 0 (predosing), 5, 10, 15, and 30 min and 1,
2, 3,4, 6, 8 12, 24, and 36h after the treatment. Plasma
samples were stored at —80°C before being analyzed.
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We used a noncompartmental model to obtain the
following pharmacokinetic parameters with Phoenix Win-
Nonlin 7.0 pharmacokinetic software (Pharsight Corpora-
tion, Princeton, NJ, USA): the area under the concentration-
time curve from time 0 to the last-measured concentration
(AUC,_y), the elimination half-life (¢,,,), the area under the
concentration-time curve from time 0 to infinity (AUCy_j¢),
the mean residence time (MRT), the area under the first-
moment plasma concentration-time curve (AUMC), the
apparent volume of distribution (Vy), and the clearance rate
(CL). Concentration-time curves were used to estimate the
maximum plasma concentration (Cy,,) and the time to
reach the maximum concentration (T,,,,,). All of the results
are presented as means + standard deviations (SDs) and were
compared with Student’s ¢-tests by IBM SPSS 25.0 statistics
software (IBM Corporation, Armonk, NY, USA). Statistical
significance was determined at P <0.05.

2.3. LC-MS/MS Parameters. An Agilent 1290 Infinity UPLC
system (Agilent Technologies, USA) was used for chro-
matographic analysis and included a binary pump, a high-
performance well-plate autosampler, an online vacuum
degasser, and a temperature controller for the column.
Samples were separated on a SHISEIDO MG-C,g column
(100 mm x 3.0 mm, 3.0 ym) and were eluted with an iso-
cratic mobile phase of 0.1% formic acid-water and aceto-
nitrile (50:50, v/v). The flow rate was 0.4 mL/min, the
injection volume was 2 yL, and the column temperature was
25°C. The analysis time was 5min per specimen.

The LC system was linked to an Agilent 6470 Triple Quad
MS system (Agilent Technologies, USA) with an Agilent Jet
Stream Technology (A]S) electrospray-source interface
(ESI). The positive-ion mode was optimized for MS de-
tection via multiple-reaction monitoring (MRM). Precursor
and product ions had m/z 423.2 — 405.2 for losartan, m/z
429.2 — 195 for IS, and m/z 437.2 — 235 for EXP3174.
The precursor and product ions of losartan, EXP3174, and IS
are shown in Figure 2; the collision energies for each were 10,
20, and 20 eV, respectively. The fragmentor voltage for each
was 100 V. The ionized chamber-working parameters were
optimized as follows: the capillary voltage was 4000V,
drying gas flow was 10 L/min, gas temperature was 350°C,
nebulizer pressure was 40 psi, sheath gas temperature was
400°C, and sheath gas flow was 11L/min. Agilent Mass-
Hunter Workstation version B.07.00 was used to acquire and
analyze the data.

2.4. Quality Control Samples and Calibration Standards.
Losartan (1.0 mg/mL) and EXP3174 (1.0 mg/mL) stock so-
lutions were prepared using reference standards in methanol
solution. The stock solution of IS was diluted to 100 ng/mL
prior to use. Working standard solutions of losartan and
EXP3174 were prepared by combining and diluting each
stock solution with methanol. Additional standard working
solutions were prepared by dilution with methanol. The
working solutions were spiked into blank rat plasma at
concentrations of 2-2000 ng/mL (2, 5, 10, 50, 100, 500, 1000,
1600, and 2000 ng/mL) to establish calibration standards for
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FIGURE 2: Precursor and product ions of EXP3174 (a), irbesartan (IS) (b), and losartan (c).

losartan and EXP3174. Quality control (QC) samples for
validation were similarly set at 5, 100, and 1600 ng/mL.
Standards and QC specimens were removed on every
analysis day via a method identical to that used for actual
samples, as detailed below.

2.5. Plasma Sample Preparation. Portions of 50 yL of plasma,
50 uL of methanol, and 100uL of IS (100 ng/mL) were

combined via 30s of vortexing; this combination was then
centrifuged at 13,800 g for 5min. Supernatants were
transferred to injection vials, and an aliquot of 2 uL was
analyzed by UPLC-MS/MS.

2.6. Method Validation. We evaluated method selectivity by
examining six separate blank rat-plasma samples that we
contrasted with the ones acquired by placing analytes into



correlating blank plasma specimens with IS to observe in-
terference. Calibration curves for losartan and EXP3174
comprised plots of the peak-area ratio of the analyte to IS
against plasma concentration with a 1/x weighting. Least-
squares linear regression was used to establish the intercept,
slope, and correlation coefficient of the equation. The lower
limit of quantification (LLOQ) was defined as the analyte
concentration with a signal-to-noise ratio of 10.

The accuracy and precision for both interday and in-
traday were determined with QC specimens for three
consecutive days at three concentrations. Five replicates
were used for each concentration. Each analyte concen-
tration was quantified with a calibration curve on the same
testing day.

Analyte-extraction recovery was performed by con-
trasting the peak areas acquired from blank plasma, in which
analytes had been combined prior to removal, with areas
from samples, in which they were combined following re-
moval; this was performed five times. The matrix effect was
examined by contrasting the solution in which the blank
processed matrix had been combined with the solution at
various QC concentrations; this procedure was performed
five times.

To determine the stability of samples, three QC samples
at high, medium, and low concentrations were examined
under various conditions, including short-term storage
stability at room temperature for 3 h, postpreparative sta-
bility with the autosampler for 24 h, three freeze-thaw cycles
at —80°C, and long-term storage stability at —80°C for
30 days.

3. Results
3.1. Method Validation

3.1.1. Specificity. Figure 3 shows LC-MS/MS chromato-
grams that are representative of losartan, IS, and EXP3174.
The retention time was 2.7 min for losartan, 2.1 min for IS,
and 3.7min for EXP3174. No significant endogenous ele-
ments obstructed the analytes or IS.

3.1.2. LLOQ and Calibration Curves. The LLOQ for losartan
and EXP3174 with S/N >10 was 0.5ng/mL and 1.0 ng/mL,
respectively. Calibration curves for losartan and EXP3174
were created by plotting the peak-area ratios of the analytes
to IS against the plasma concentration with a 1/x weighting.
The calibration curves for losartan and EXP3174 were
y=0.0042x+0.0057 (r=0.996) and y=0.0018x+0.0019
(r=0.999), respectively.

3.1.3. Precision and Accuracy. Five separate runs on the
same day for five consecutive days with three QC sample
concentrations were performed for evaluating interday and
intraday comparisons. The precision (relative standard de-
viation (RSD)) of this technique was <7% for losartan and
EXP3174. The accuracy (relative error (RE)) was from
-9.78% to 7.78% for losartan and —9.92% to 3.06% for
EXP3174. The results are indicated in Table 1.
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3.1.4. Extraction Recovery and Matrix Effect. The extraction
recoveries for losartan and EXP3174 were >85%, and there
were no significant variations among the three concentra-
tions. The analyte-matrix effect ranged from 92.43 to
115.74%. The results are indicated in Table 2.

3.1.5. Stability. We evaluated stability using a variety of
conditions. Both losartan and EXP3174 remained stable at 4°C
for 3h at room temperature, for 24 h in the autosampler after
three cycles of freeze-thawing, and after long-term storage for
30 days at —80°C. The concentration variation was <10%. The
results are indicated in Table 3.

3.1.6. Carryover and Dilution. No detectable carryover was
noted. The accuracy was within +15.0%, and the precision
was under 15%, according to dilution-integrity experiments.

3.2. In Vivo Pharmacokinetic Study. Concentration-time
curves for losartan and EXP3174 in rat plasma (upon losartan
treatment vs. losartan plus Xuesaitong treatment) are shown
in Figure 4. Pharmacokinetic parameters were determined
with the WinNonlin 7.0 pharmacokinetic program based on a
noncompartmental pharmacokinetic model. As indicated in
Table 4, the t,,,, Vg, and T, of losartan were 4.26 + 1.51 h,
4.41+1.61 mL, and 1.06 + 1.04 h in rats receiving losartan plus
Xuesaitong vs. 6.35+2.10h, 7.20 £ 2.41 mL, and 0.13+0.05h
in rats receiving losartan alone, respectively; these results
indicated that Xuesaitong decreased the t;,, and V of losartan
and increased the T, (P <0.05 for all). The t,, of EXP3174
was 6.29 + 1.38 h in rats receiving losartan plus Xuesaitong vs.
8.22+1.41h in rats receiving losartan alone, indicating that
Xuesaitong decreased the t;,, of EXP3174 (P < 0.05).

4, Discussion

4.1. Method Development. To optimize the pretreatment, we
chose the simple method of protein precipitation and studied
the effects of precipitation of methanol and acetonitrile as well
as the influence of volume ratio on the effects of precipitation.
The results showed that methanol protein deposition using
the same volume as the plasma yielded the most optimal
results. The extraction efficiency surpassed 90% with meth-
anol as the extraction solution. The direct precipitation
method also revealed convenience with the low matrix effect,
indicating that it was an excellent precipitating agent.

To determine the suitable retention time and reaction of
losartan and EXP3174 in rat plasma, water, methanol,
formic acid, and acetonitrile were examined as mobile
phases. Solvent A (0.1% formic acid) and solvent B (ace-
tonitrile; 50 : 50, v/v) after optimization were determined to
improve the ionization efficiency and led to an elevated
intensity compared to water for each constituent evaluated.
To devise a precise and sensitive LC-MS/MS method, we
conducted quantitative analysis in the MRM mode be-
cause of its high sensitivity and selectivity. Precursor and
product ions had m/z 423.2 — 405.2 for losartan, m/z
429.2 — 195 for IS, and m/z 437.2 — 235 for EXP3174.
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F1Gure 3: Chromatograms of (a) blank plasma; (b) blank plasma with losartan, EXP3174, and irbesartan (IS); and (c) rat plasma after oral
administration. In the chromatograms, “1” denotes EXP3174, “2” denotes losartan, and “IS” denotes irbesartan.

TaBLE 1: Accuracy and precision of losartan and EXP3174 in rat plasma.

Intraday (n=5) Interday (n=15)

Compounds Concentration (ng-mL_l)
RSD (%) RE (%) RSD (%) RE (%)
5 1.19 -9.78 4.03 -8.45
Losartan 100 1.52 4.90 1.07 4.60
1600 2.00 7.78 2.58 6.01
5 5.89 -9.92 6.46 -8.77
EXP3174 100 2.22 2.65 4.68 -0.53
1600 3.62 3.06 4.30 0.83
RSD, relative standard deviation; RE, relative error.
TaBLE 2: Matrix effect and extraction recovery of losartan and EXP3174 in rat plasma (n=6).
Compounds Concentration (ng-mL_l) Matrix effect (%) RSD (%) Recovery (%) RSD (%)
5 92.43 8.69 85.60 6.34
Losartan 100 93.25 4.04 108.28 1.46
1600 96.82 1.34 111.12 0.96
5 101.98 6.27 85.19 2.71
EXP3174 100 115.74 7.75 101.25 2.38
1600 111.36 2.59 109.79 2.51

RSD, relative standard deviation; RE, relative error.

TaBLE 3: Stability outcomes of losartan and EXP3174 in rat plasma (n=5).

Storage at 25°C for 3h  Storage at 4°C for 24h

Three freeze-thaw Long-term storage at

Concentration cycles -80°C for 30 days
Compounds 21

(ng-mL™") Measured RE Measured RE Measured RE Measured RE

(ng~mL71) (%) (ng~mL71) (%) (ng-mLfl) (%) (ng'mLfl) (%)

5 5.25 5.00 5.47 8.30 5.39 6.71 5.41 8.31

Losartan 100 104.60 4.60 109.52 9.52 106.54 6.54 107.46 7.46
1600 1633.48 2.09 1673.44 4.59 1576.38 —1.48 1686.27 5.39

5 5.37 7.40 5.49 7.76 5.44 7.78 5.46 7.15
EXP3174 100 102.33 2.33 107.57 7.57 97.22 -2.78 94.40 -5.60
1600 1648.96 3.06 1653.63 3.35 1487.01 -7.06 1492.90 —-6.94

RSD, relative standard deviation; RE, relative error.

We optimized MS/MS conditions with an optimization
program to improve sensitivity and selectivity. The tech-
nique could be simply reproduced, and it was fully vali-
dated and successfully used in the pharmacokinetics
evaluation in rats after orally administering losartan and
Xuesaitong.

4.2. Losartan/Xuesaitong Interactions. According to the
results shown in Table 4, changes in #;,, suggest that Xue-
saitong could shorten the elimination time of losartan and
EXP3174, increase losartan metabolism, and reduce the
therapeutic effect of losartan. Changes in V4 suggest that
Xuesaitong could decrease the distribution of losartan and
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FIGURE 4: Mean concentration-time curves upon losartan treatment vs. losartan plus Xuesaitong. (a) Losartan. (b) EXP3174. The error bars
represent standard deviations (SDs).

TaBLE 4: Pharmacokinetic parameters of losartan and EXP3174 in rats following oral administration of two pretreatments (A: losartan alone;
B: losartan plus Xuesaitong).

Losartan EXP3174
Parameter . .
Losartan alone (A) Losartan plus Xuesaitong (B)  Losartan alone (A) Losartan plus Xuesaitong (B)

t15 (h) 6.35+2.10 426+ 1.51* 822+ 1.41 6.29+1.38*
Tmax (h) 0.13+0.05 1.06 + 1.04* 6.83£4.12 11.33+1.63*
Conax (ugmL™") 1.60 +0.59 1.50 +0.49 1.61 +0.61 1.60 +0.54
AUC,_; (ugmL"h) 12.92 +5.01 1417 +4.21 27.02+10.49 26.40 + 10.08
AUCq_ins (ug'mL™"h) 13.54 +5.54 14.28 +4.23 29.40+11.85 27.64+10.88
AUMC,_, (ug-mL"-h?) 101.66 + 26.75 120.88 +27.41 324.38 + 65.68 320.31+58.17
AUMCq_jn¢ (yg~mL_1~h2) 101.15+26.13 127.30 £25.52 440.49 +34.34 361.21 +36.31
MRT,_; (h) 8.41 +1.80 7.76 £0.88 12.42+1.48 11.98 +1.27
MRTy s (h) 9.86 + 2.80 8.03+1.00 15.09+2.72 13.31+2.08
V4 (mL) 7.20+2.41 4.41 +1.61% 4.52+1.66 3.62+1.21
CL (mL~h71) 0.84+0.32 0.77 +£0.31 0.39+0.16 0.42+0.21

*P <0.05 (losartan plus Xuesaitong vs. losartan alone).
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induce its metabolism. Changes in T, suggest that Xue-
saitong could decrease the absorption rate of losartan. These
results suggest that the losartan dosage should be increased
when Xuesaitong is concurrently used.

Interactions between losartan and Xuesaitong could
occur during absorption, metabolism, distribution, and/or
excretion. A previous study indicated that tanshinone IIA
and salvianolic acid B (two components of danshen) have
distinct effects on the metabolism of losartan. Tanshinone
ITA inhibits losartan metabolism via CYP3A4 and CYP2C9;
salvianolic acid B, in contrast, induces losartan metabolism
via CYP3A4 and CYP2C9 [20]. Losartan is mainly metab-
olized by CYP450 [21]. In view of the previous studies, we
speculate that Xuesaitong may alter losartan and EXP3174
pharmacokinetics by regulating CYP3A4 and CYP2C9 ex-
pression and/or activities. The current results suggest that
patients who take Xuesaitong and losartan concomitantly
should increase their dosage of losartan.

5. Conclusions

In this study, we developed a UPLC-MS/MS technique with
high sensitivity and accuracy to measure losartan and
EXP3174 in rat plasma. We used this technique successfully
for the pharmacokinetic evaluation of losartan and EXP3174
following losartan and Xuesaitong oral administration. Our
results showed that Xuesaitong affected the pharmacoki-
netics of losartan following coadministration. We recom-
mend an increased dosage of losartan in patients who also
receive Xuesaitong.
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AJS: Agilent Jet Stream Technology

AUC: The area under the concentration-time curve

AUMC: The area under the first-moment plasma
concentration-time curve

CL: The clearance rate

Crax: The maximum plasma concentration

Va The apparent volume of distribution

ESL Electrospray-source interface

IS: Internal standard

LLOQ: Lower limit of quantification

MRM: Multiple-reaction monitoring

MRT: The mean residence time

PNS: Panax notoginseng saponins

QC: Quality control

RE: Relative error

RSD: Relative standard deviation

SD: Standard deviation

t2: The elimination half-life

Tnax: The time to reach the maximum concentration

UPLC-MS/ Ultraperformance liquid chromatography-

MS: tandem mass spectrometry.

Data Availability

The raw/processed data required to reproduce these findings
are available from the corresponding author upon request.

Conflicts of Interest

The authors have no conflicts of interest related to this work.

Authors’ Contributions

Weina Ma and Lei Lv contributed equally to this work.

Acknowledgments

This project was supported by the fund of Shanghai Baoshan
Luodian Hospital (grant no. 19-A-8) and the fund of project
introduction at Shanghai University of Traditional Chinese
Medicine-Gaoyuan Gaofeng Clinical Medicine Grant and
Shanghai Municipal Commission of Health and Family
Planning (grant no.201540265). We thank Accdon (https://
www.accdon.com/) for providing linguistic assistance dur-
ing the preparation of this manuscript.

References

[1] Z.Z.Yang, Q. Shao, Z. W. Ge, N. Ai, X. Zhao, and X. Fan, “A
bioactive chemical markers based strategy for quality as-
sessment of botanical drugs: Xuesaitong injection as a case
study,” Scientific Reports, vol. 7, no. 1, p. 2410, 2017.
Z. Xiang, T. Qiao, H. Xiao et al., “The anaphylactoid con-
stituents in Xue-Sai-Tong injection,” Planta Medica, vol. 79,
no. 12, pp. 1043-1050, 2013.
T. B. Ng, “Pharmacological activity of Sanchi ginseng (Panax
notoginseng),” Journal of Pharmacy and Pharmacology,
vol. 58, no. 8, pp. 1007-1019, 2006.
X. C. Yang, X. J. Xiong, H. R. Wang, G. Yang, and J. Wang,
“Xuesaitong soft capsule (Chinese patent medicine) for the
treatment of unstable angina pectoris: a meta-analysis and
systematic review,” Evidence-Based Complementary and Al-
ternative Medicine, vol. 2013, Article ID 948319, 7 pages, 2013.
J. Q. Liao, B. J. Wei, H. W. Chen, Y. Liu, and J. Wang,
“Bioinformatics investigation of therapeutic mechanisms of
Xuesaitong capsule treating ischemic cerebrovascular rat
model with comparative transcriptomeanalysis,” American
Journal of Translational Research, vol. 8, no. 5, pp. 2438-2449,
2016.

[6] J. Scholze and M. Stapft, “Start of therapy with the angiotensin
II antagonist losartan after immediate switch from pre-
treatment with an ACE inhibitor,” British Journal of Clinical
Pharmacology, vol. 46, no. 2, pp. 169-172, 1998.

[7] S. Q. Zhong, L.J. Sun, Y. Z. Yan, Y. Q Sun, and Y. Y. Zhong,
“Effect of Xuesaitong soft capsule on hemorrheology and in
auxiliarily treating patients with acute cerebral infarction,”
Chinese Journal of Integrative Medicine, vol. 11, no. 2,
pp. 128-131, 2005.

[8] X. M. Zhang, J. R. Wu, and B. Zhang, “Xuesaitong injection as
one adjuvant treatment of acute cerebral infarction: a sys-
tematic review and meta-analysis,” BMC Complementary and
Alternative Medicine, vol. 15, no. 1, p. 36, 2015.

[9] S.L.Della Penna, M. 1. Roson, J. E. Toblli, and B. E. Fernéndez,
“Role of angiotensin II and oxidative stress in renal in-
flammation by hypernatremia: benefits of atrial natriuretic
peptide, losartan, and tempol,” Free Radical Research, vol. 49,
no. 4, pp. 383-396, 2015.

[10] Z.F. Zheng, H. L. Shi, J. Y. Jia, D. Li, and S. Lin, “A systematic
review and meta-analysis of candesartan and losartan in the
management of essential hypertension,” Journal of the Renin-

[2

[3

[4

[5


https://www.accdon.com/
https://www.accdon.com/

(11]

(12]

(13

(14]

(15]

(16

(17]

(18]

(19]

(20]

(21]

Angiotensin-Aldosterone System, vol. 12, no. 3, pp. 365-374,
2011.

F. Xu, C. Mao, Y. Liu, L. Wu, Z. Xu, and L. Zhang, “Losartan
chemistry and its effects via AT1 mechanisms in the kidney,”
Current Medicinal Chemistry, vol. 16, no. 28, pp. 3701-3715,
2009.

J.-W. Bae, C.-I. Choi, H.-I. Lee, Y.-J. Lee, C.-G. Jang, and
S.-Y. Lee, “Effects of CYP2C9*1/"3 and *1/*13 on the
pharmacokinetics of losartan and its active metabolite
E-3174,” International Journal of Clinical Pharmacology and
Yhempeutics, vol. 50, no. 09, pp. 683-689, 2012.

L. Yang, T. Guo, D.-Y. Xia, and L.-S. Zhao, “Pharmacokinetics
of losartan and its active carboxylic acid metabolite E-3174 in
five ethnic populations of China,” Journal of Clinical Phar-
macy and Therapeutics, vol. 37, no. 2, pp. 226-231, 2012.
D.-H. Choi, C. Li, and J.-S. Choi, “Effects of myricetin, an
antioxidant, on the pharmacokinetics of losartan and its active
metabolite, EXP-3174, in rats: possible role of cytochrome
P450 3A4, cytochrome P450 2C9 and P-glycoprotein in-
hibition by myricetin,” Journal of Pharmacy and Pharma-
cology, vol. 62, no. 7, pp. 908-914, 2010.

C. Gouws, D. Steyn, L. Du Plessis, J. Steenekamp, and
J. H. Hamman, “Combination therapy of western drugs and
herbal medicines: recent advances in understanding in-
teractions involving metabolism and efflux,” Expert Opinion
on Drug Metabolism & Toxicology, vol. 8, no. 8, pp. 973-984,
2012.

T. Shimada, H. Yamazaki, M. Mimura, Y. Inui, and
F. P. Guengerich, “Interindividual variations in human liver
cytochrome P-450 enzymes involved in the oxidation of
drugs, carcinogens and toxic chemicals: studies with liver
microsomes of 30 Japanese and 30 caucasians,” Journal of
Pharmacology and Experimental Therapeutics, vol. 270, no. 1,
pp. 414-423, 1994,

R. Liu, M. Qin, P. Hang, Y. Liu, Z. Zhang, and G. Liu, “Effects
of Panax notoginseng saponins on the activities of CYP1A2,
CYP2C9, CYP2D6 and CYP3A4 in rats in vivo,” Phytotherapy
Research, vol. 26, no. 8, pp. 1113-1118, 2012.

N.-W. He, Y. Zhao, L. Guo, J. Shang, and X.-B. Yang, “An-
tioxidant, antiproliferative, and pro-apoptotic activities of a
saponin extract derived from the roots of Panax notoginseng
(burk.) F. H. Chen,” Journal of Medicinal Food, vol. 15, no. 4,
pp. 350-359, 2012.

S.Yin, Y. Cheng, T. Li, M. Dong, H. Zhao, and G. Liu, “Effects
of notoginsenoside R1 on CYP1A2, CYP2C11, CYP2D1, and
CYP3A1/2 activities in rats by cocktail probe drugs,” Phar-
maceutical Biology, vol. 54, no. 2, pp. 231-236, 2016.

R. Wang, H. Zhang, Y. Wang, X. Yu, and Y. Yuan, “Effects of
salvianolic acid B and tanshinone ITA on the pharmacoki-
netics of losartan in rats by regulating the activities and ex-
pression of CYP3A4 and CYP2C9,” Journal of
Ethnopharmacology, vol. 180, pp. 87-96, 2016.

M. Burnier and G. Wuerzner, “Pharmacokinetic evaluation of
losartan,” Expert Opinion on Drug Metabolism & Toxicology,
vol. 7, no. 5, pp. 643-649, 2011.

Evidence-Based Complementary and Alternative Medicine



