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Abstract: Objective: The purpose of this study was to explore the effects of Xueshuan Xinmai tablets (XXMT) for the 
treatment of cognition, brain activation in the rehabilitation period of ischemic stroke patients. Methods: 28 adults 
patients, aged 50-80 years, in the rehabilitation period of ischemic stroke were divided into XXMT treatment group 
and placebo control group. Patients received 3 months treatment (oral 0.8 g, 3 times per day). Before and after 
treatment, all patients were evaluated by a series of neuropsychological tests followed by resting-state functional 
magnetic resonance imaging (fMRI). Results: In the XXMT treatment group, the patients’ episodic memory showed 
significant improvement. The resting-state fMRI analysis indicated that a significant decline in the fractional am-
plitude of low-frequency fluctuation value was observed in the bilateral middle cingulate gyrus. Conclusions: Yiqi 
Huoxue effect under XXMT administration has a favorable mediation on episodic memory, consequently suppresses 
the activation of the cingulate gyrus in the rehabilitation period of ischemic stroke patients.

Keywords: Episodic memory, brain activation, post-stroke rehabilitation patients, Chinese medicinal formula, 
resting-state fMRI 

Introduction

Ischemic stroke is the second leading cause of 
death worldwide and an important contributor 
to vascular dementia and senile dementia, of 
which Lacunar infarct is one of the most com-
mon neuropathological causes in the chronic 
phase [1]. Post-stroke cognitive impairments 
including defects in perceptual speed, seman-
tics, episodic memory are common and deci-
sive prognostic factors [2, 3]. Cognitive impair-
ment generally emerges at different degrees 
and has a negative impact on quality of life in 
the rehabilitation period of ischemic stroke 
patients. Furthermore, the presence of cogni-
tive impairment increases the risk of dementia. 
Therefore, the early diagnosis and treatment of 
ischemic stroke patients in the rehabilitation 
period are vital in the prevention of subsequent 

stroke and dementia and the protection of brain 
cognitive functions.

Although aspirin is widely accepted as a stan-
dard antiplatelet therapy against ischemic 
stroke, some patients show clinic resistance [4, 
5]. Meanwhile, studies also described that the 
combination of antiplatelet therapy does not 
significantly reduce the risk of recurrent stroke, 
but considerably increase the risk of bleeding 
and death [6, 7]. Thereby, it draws more atten-
tion to explore other effective treatment strate-
gy in clinic. Interestingly, many studies have 
confirmed the beneficial effects of Traditional 
Chinese Medicine (TCM) on the treatment of 
post-stroke. Xueshuan Xinmai tablets (XXMT), 
is one of well-known Chinese patent medicine 
which is functionally characterized as benefit-
ing qi via activating blood circulation (Yiqi 
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Huoxue). Similar as the classic prescription in 
TCM, XXMT is composed of Radix Salviae 
Miltiorrhizae and ginsenosides, which have 
been widely used in TCM clinical practice in 
China. Up to date, the research on animal 
model and related clinical practices with XXMT 
which are composed by Radix Salviae 
Miltiorrhizae and its extracts demonstrate that 
it can benefit the learning and memory through 
multiple factors including anti-inflammatory, 
anti-oxidant, blood rheology-improving, blood 
lipid-regulating and neuroprotective effects.

fMRI, a functional neuroimaging procedure 
using MRI technology to measure changes in 
blood flow, has been widely used to detect 
abnormal functional brain activity during task 
performance in various patient populations [8]. 
With many advantages as reflecting the avail-
ability, relatively high spatial, temporal resolu-
tion and noninvasive safety image technique, it 
allows for multiple repeated scans over the 
course of a longitudinal study [8-10]. Moreover, 
while a subject is not performing an explicit 
task, the resting-state fMRI can be further used 
to investigate the regional interactions. 
Therefore, resting-state fMRI has recently been 
applied for a wide range of pharmacological 
treatment assessments [11, 12]. 

In the present study, a placebo controlled fMRI 
trial has been conducted to assess the effects 
of XXMT treatment on post-stroke patients in 
the rehabilitation period using neuropsycholog-
ical tests accompanying with fMRI analysis. 
The current study aims to provide further insight 
into the possible functional mechanisms under 
TCM Yiqi Huoxue administration on post-stroke 
patients in the rehabilitation period.

Materials and methods

Experimental design 

A randomized, double-blind controlled, 3-month 
parallel trial was conducted. All patients were 
assigned to MRI scan and characterized by the 
presence of a focal hyperintensity lesion (2 to 
15 mm in diameter), and T2-weighted and fluid-
attenuated inversion recovery (FLAIR) images 
[13, 14], were included in this study [3]. All pro-
cedures involving human subjects were in 
accordance with the ethical standards estab-
lished by the institution and/or national 
research committee in consistent with the 

Helsinki declaration of 1975. The informed con-
sent was obtained from all individual partici-
pants included in the study.

To ensure the quality of the cognitive testing, 
investigators were trained before the start of 
the study. Two independent experienced neu-
rologists reviewed all the medical histories and 
fMRI results for patients to ensure their eligibil-
ity. The research protocol here was approved by 
the Ethics Committee of Beijing Hospital, (num-
ber 2011010), and written informed consent 
was obtained from each patient. The authors 
confirm that all ongoing and related trials for 
this drug are registered in The Chinese clinical 
trial registry center (ChiCTR) and the World 
Health Organization international clinical trials 
registered organization registered platform 
(registration number: ChiCTR-TRC-12003074).

Patients

The patients were recruited from eight commu-
nities from January 1st, 2012 to June 1st, 
2013. The participants recruition criteria for 
the study were set as follows: (1) between 50 
and 80 years old; (2) diagnosed as ischemic 
stroke according to clinical standards in China; 
(3) clinical favorable candidates from the TCM 
standards for diagnosis of apoplexy; (4) in the 
rehabilitation period according to TCM criteria 
(between 15 days and 6 months after the onset 
of symptoms); and (5) informed consent signed. 
The exclusion criteria were as follows: (1) tran-
sient ischemic attacks (2) major cognitive 
impairment (Mini-Mental Status Examination 
(MMSE) score ≤24); (2) a diagnosis of coronary 
disease, diabetes or intracranial tumor; (3) a 
diagnosis of psychiatric disease; and (4) a his-
tory of psychoactive medication use or drug 
addiction. 

A total of 28 eligible patients were included in 
this study. Among those, 14 patients were ran-
domly allocated to the XXMT treatment group 
and the remaining patients were allocated to 
the placebo control group. The treatment group 
received XXMT (lot number Z20030145) oral 
0.8 g, 3 times per day for 3 months according 
to the instructions; the placebo control group 
received a placebo tablets at the same dose for 
3 months. The appearance, smell and taste of 
the placebo tablets were designed to be identi-
cal to the treatment tablets. A computer pro-
gram was used to generate the random alloca-
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tion sequence. Numbered drug containers were 
used to implement the random allocation pro-
cess. None of investigators or patients was 
aware of treatment allocation in the treatment 
and placebo group until study completion. The 
duration of intervention lasted for 3 months. All 
patients were revisited at the end of the trial. 
For the safety assessment, we monitored vital 
signs, conducted physical examinations and 
evaluated adverse events. 

Neuropsychological tests

During both visits, a set of neuropsychological 
tests were set for patient including general cog-
nitive status and other domains, such as mem-
ory, attention, spatial processing, executive 
function and language ability. The following 
tests were also conducted: (1) memory: 
Auditory Verbal Learning Test (AVLT) [15], Rey-
Osterrieth Complex Figure Test (ROCF) (recall) 
[16] and Digit Span [17]; (2) spatial processing: 
ROCF (copy) [16] and Clock Drawing Test (CDT) 
[18] (3) attention: Stroop Color and Word Test 
(SCWT)-A and Symbol Digit Modalities Test 
(SDMT); (4) executive function: SCWT-B and 
SCWT-C [19]; and (5) language ability: Boston 
Naming Test (BNT) and the Category Verbal 
Fluency Test (CVFT).

MRI data acquisition and collection

The MRI data were acquired using the proce-
dures described above on a SIEMENS TRIO 3T 
scanner in the Imaging Center for Brain 
Research, Beijing Normal University, including 
high-resolution T1 scan, T2-FLAIR and resting-
state fMRI data. T1-weighted, sagittal 3D  
magnetization-prepared rapid gradient echo 
(MP-RAGE) sequences were acquired, covering 
the entire brain [176 slices, repetition time (TR) 
= 1900 ms, echo time (TE) = 3.44 ms, slice 
thickness = 1 mm, flip angle = 9°, inversion 
time = 900 ms, field of view (FOV) = 256 × 256 
mm2, and acquisition matrix = 256 × 256]. The 
resting-state data were collected using a gradi-
ent echo EPI sequence [TE = 30 ms, TR = 2000 
ms, flip angle = 90°, 33 slices, slice thickness = 
4 mm, and matrix = 64 × 64]. 

Imaging preprocessing

All resting-state fMRI data were preprocessed 
using the Data Processing Assistant for Res- 
ting-State fMRI (DPARSF) [20]. Because of sig-

nal equilibrium, the first 10 volumes of the 
functional images were discarded. The remain-
ing functional images were corrected intra-vol-
ume for time delay between the slices, and it 
was realigned the inter-volume for head motion. 
Subsequently, all images were spatially normal-
ized to the Montreal Neurological Institute 
(MNI) space using EPI templates to the time 
and motion corrected images. The resulting 
normalized functional images were spatially 
smoothed with 6 mm full width and half maxi-
mum (FWHM) Gaussian kernel and subtracted 
linear trends. All images were temporally fil-
tered (0.01-0.1 HZ) to eliminate high-frequency 
noise and low-frequency drifts.

For a given voxel, the time series was first con-
verted to the frequency domain using a Fast 
Fourier Transformation. The square root of the 
power spectrum was computed and averaged 
across a 0.01-0.1 HZ frequency interval. The 
fractional amplitude of low frequency fluctua-
tion (fALFF), calculated as the fraction of ALFF 
in a given band to the ALFF over the entire fre-
quency range detectable in the given signal, 
was analyzed [21].

Statistical analysis

The demographic and behavioral data were 
analyzed using SPSS statistical software ver-
sion 17.0 (SPSS Inc., Chicago, IL, USA). 
Descriptive statistics were calculated for all 
variables; continuous variables were summa-
rized as the means and standard deviations, 
and the categorical variables were summarized 
as frequencies and proportions. To determine 
differences in the demographic data between 
groups, a two-sample t-test or the chi-square 
test was used where appropriate. To determine 
differences in the results of the neuropsycho-
logical tests between groups after three 
months of treatment, a one-way ANCOVA was 
conducted with the baseline as a covariate.

The resting-state fMRI data were analyzed 
using REST software (http://www.restfmri.net). 
To evaluate differences in the fALFF value 
between the treatment and control groups, 
one-way ANCOVA was conducted, considering 
the resting-state fMRI data in the first interview 
as a covariate. The results were visualized 
using the REST Slice viewer (http://www.rest-
fmri.net). 
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Results

Nocio-demographic characteristics

One patient from the treatment group was out 
of follow up and excluded from this study. In 
total, 27 patients were counted for final analy-
sis in this study, including 13 patients in treat-
ment group and 14 patients in control group. 
The demographic characteristics showed no 
significant difference between the treatment 
and control groups in gender, age, years of edu-
cation, hypertension status, alcohol addiction 
status and smoking status (P>0.05, Table 1).

Neuropsychological characteristics

The auditory verbal learning test (AVLT, P = 
0.018) and ROCF delayed recall (P = 0.013) 

manifested a highly significant increase in the 
treatment group compared to the control group. 
The data were analyzed using one-way ANCOVA 
after adjusting the baseline value (Table 1; 
Figure 1). A borderline significant improvement 
was also observed in the symbol digit modali-
ties test in the treatment group (SDMT, P = 
0.089, Table 1). The infarct focus locations are 
shown in Table 2.

Brain activation

One-way ANCOVA analysis was applied for brain 
activation definition, and the statistical thresh-
old was set at P<0.01. Compared to the control 
group, a significant decline in the fALFF value 
was observed in the bilateral middle cingulate 
gyrus in cluster 1 in the treatment group (clus-

Table 1. Socio-demographic characteristics and neuropsychological testing 
Control Group (n = 14) Treatment Group (n = 13) Baseline

Baseline 3-months Baseline 3-months T-value (χ2) P-value
Gender (M/F) 4/10 8/5 2.967 0.128
Age (years) 64.93±6.75 67.92±8.38 -1.007 0.324
Education (years) 10.15±3.95 12.09±3.47 -1.262 0.220
Hypertension (%) 8 (57.1%) 9 (69.2%) 0.422 0.516
Alcohol Addiction - - - -
Smoking - - - -
non/past/current 12/0/2 9/0/4 1.060 0.303
General mental status
    MMSE 26.57±2.44 26.21±2.45 27.31±2.56 27.46±1.71 1.34 0.194
Memory
    AVLT delayed recall 4.29±2.30 4.93±1.94 5.38±2.56 5.77±2.35 0.43 0.668
    AVLT-T 28.14±7.22 25.57±6.39 28.15±10.47 31.85±9.19 2.54 0.018*

    ROCF delayed recall 10.00±5.21 10.54±4.63 12.69±6.18 17.62±6.87 2.70 0.013*

    Digit Span 10.43±1.78 10.00±1.75 11.38±2.18 10.62±2.46 0.35 0.729
Spatial Processing
    ROCF-copy 28.46±10.32 30.62±7.78 34.31±1.49 34.08±1.75 0.27 0.791
    CDT 22.36±4.51 24.21±3.70 26.33±2.64 26.08±9.17 -0.33 0.745
Attention
    SCWT-A-time 49.07±23.96 37.93±13.67 32.88±8.99 34.00±10.55 0.31 0.756
    SDMT 24.50±8.14 21.69±8.28 28.46±12.50 30.25±15.07 1.80 0.087
Executive Function
    SCWT-B-time 51.93±16.48 47.57±18.05 43.38±17.48 44.15±18.28 0.38 0.709
    SCWT-C-time 83.71±35.20 89.50±25.08 89.85±23.06 89.00±26.14 -0.45 0.659
    SCWT-C-Right 44.93±11.08 40.36±7.85 40.77±9.52 43.31±7.13 1.19 0.245
Language ability
    BNT 22.57±3.41 23.07±3.33 23.07±3.08 23.42±3.57 -0.15 0.885
    CVFT 39.57±11.56 37.71±10.57 45.54±13.75 41.62±15.26 -0.11 0.917
Note: Continuous variables were summarized as means and standard deviations and categorical variables were summarized 
as frequencies and proportions. The demographic data were analyzed using two-sample t-test or chi-square test. The neuropsy-
chological characteristics were analyzed using one-way ANCOVA, considering the baseline value as the covariate, *P<0.05 was 
considered statistically significant.
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ter corrected P = 0.006). The right middle fron-
tal gyrus also had a lower fALFF value in cluster 
2, while the left calcarine and the left lingual 
gyrus had a higher fALFF value in cluster 3 in 
the treatment group, although no significant 
difference was observed after correction at the 
cluster level (Table 3; Figure 2). After extracting 
the ROI signals of the bilateral middle cingulate 
gyrus, a significant decline in the fALFF value 
was observed in the right middle cingulate 
gyrus (P = 0.007) in the treatment group com-
pared with the control group (Figure 3).

Discussion

In the present study, we conducted an continu-
ous study of the effect of Chinese medicine Yiqi 
Huoxue treatment on post-stroke patients in 
the rehabilitation period within the realm of 
behavioral performance and brain region acti-

vation via neuropsychological tests combining 
with resting-state fMRI scans, respectively. It’s 
notable that we found significant positive effect 
of Yiqi Huoxue treatment on post-stroke reha-
bilitation patients in several cognitive domains 
and the different brain activation mode of treat-
ment group compared to the control group. Yiqi 
Huoxue treatment under XXMT administration 
promoted cognitive functions in patients which 
were defined as significant improvements in 
AVLT and ROCF delayed recall, and a marginally 
improvement in SDMT. Moreover, Yiqi Huoxue 
treatment improved brain activations which 
were spatially characterized as the significant 
decline in the fALFF value in the bilateral mid-
dle cingulate gyrus, more specifically the right 
middle cingulate gyrus. To the best of our 
knowledge, this study is the first to explore the 
effects of a Chinese medicinal formula on epi-
sodic memory and brain region activation in 
post-stroke rehabilitation patients, which pro-
vides new insight into future treatments for the 
rehabilitation period of post-stroke patients.

TCM is a medical mediation with over 3000 
years of continuous practice experience and 
refinement through treatment observations 
[22]. TCM has been used for a long time and 
formed a theory of diagnosis and treatment of 
chronic ischemic stroke. In TCM philosophy, qi 
deficiency and blood stasis were the main 

Figure 1. ANCOVA analysis of AVLT-T and ROCF delayed recall. Significant differences are observed in the AVLT-T and 
ROCF-delayed recall tests using ANCOVA analysis after correcting the baseline performance, *P<0.05. AVLT-T: Audi-
tory Verbal Learning Test-Total; ROCF-delay: Rey-Osterrieth Complex Figure Test (delayed recall).

Table 2. Number and percentage of the 
infarcts distribution in two groups

Control 
(n = 14)

Treatment 
(n = 13)

Basal ganglion 14 (100%) 13 (100%)
Brainstem 3 (21.4%) 2 (15.4%)
Centrum semiovale 1 (7.1%) 0 (0%)
Corona radiate 3 (21.4) 3 (23.1%)
Mesencephalon 1 (7.1%) 1 (7.7%)
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pathogenesis of chronic ischemic stroke. 
Rooted on this theory, Yiqi Huoxue method has 
been widely used in clinical practice of treating 
chronic ischemic stroke [23, 24]. Its formula 
had been confirmed to be effective in treat-
ment for chronic ischemic stroke in both bench 
and clinic bed side. The proposed molecular 
mechanisms of this action were involved in 
decreasing the cell apoptosis, anti-lipid peroxi-
dation, preventing the overload of calcium, anti-
inflammatory, inhibiting the expression levels of 
interleukin-8 and tumor necrosis factor, throm-
bus precursor protein and plasma fibrinogen 
[25-27]. XXMT is one representative Yiqi 
Huoxue formula for the treatment of chronic 
ischemic stroke in TCM. It had been shown to 
suppress platelet aggregation, dilate blood ves-
sels, enhance the tolerance of ischemic brain 
tissue to hypoxia and protect against ischemic 
reperfusion injury in ischemic stroke patients 
[28-31]. All these may collectively contribute to 
improvement of episodic memory and brain 
region activation in ischemic post-stroke pa- 
tients.

In terms of the neuropsychological result, AVLT 
is a neuropsychological tool that is widely used 
in cognitive function assessments, such as 
memory, attention and learning abilities [32]. 
The significant improvement in the AVLT scores 
in this study also suggested that Yiqihuoxue 
treatment could effectively attenuate the cog-
nitive deficits in post-stroke patients in the 
rehabilitation period. Additionally, ROCF is also 
a widely used neuropsychological test that 
requires the analysis and reproduction of an 
unfamiliar, non-meaningful figure. Gomez-Gil et 
al., reported an activating androgens effects on 
visual memory in patients undergoing andro-
gen treatment for at least 6 months compared 
to those who were not treated in the ROCF test 
and other visual memory tasks [33]. Similarly, 
our date also suggested that Yiqi Huoxue treat-
ment could effectively promote visual memory 
of post-stroke patients in the rehabilitation 
period. 

We also identified changes in the fALFF value in 
both groups in the bilateral middle cingulate 

Table 3. The fALFF differences shown in brain regions

Cluster Cluster size Brain regions Brodmann Vol (mm3)
MNI coordinates (mm)

Maximum Z
x y z

1* 143 Cingulum_Mid_L 24 1161 0 3 33 4.10
Cingulum_Mid_R 32 945 6 9 42 3.88

2 79 Frontal_Mid_R 8 729 42 24 48 4.01
3 65 Calcarine_L N/A 594 -21 -64 9 -2.35

Lingual_L 19 459 -12 -66 -3 -2.33
Note: x, y, z, coordinates of primary peak locations in the MNI space; Z, statistical value of peak voxel showing fALFF differ-
ences. N/A, not applicable. *Cluster level corrected P = 0.006.

Figure 2. fALFF maps of brain activation between the treatment and control groups. The hot color represents higher 
fALFF values from the treatment group compared to the control group, whereas the blue color represents lower 
fALFF values. The results are obtained from ANCOVA analysis. The statistical threshold is set at Z > 2.8 (P<0.01), 
with a cluster size > 1350 mm3. R, right; L, left; P, posterior; A, anterior. A. bilateral middle cingulated gyrus; B. right 
frontal gyrus; C. calcarine and lingual gyrus.
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cortex, right frontal gyrus, left calcarine and lin-
gual gyrus. Compared to the control group, the 
XXMT treatment group showed a significant 
decrease in brain activation in the bilateral mid-
dle cingulate cortex (BA 24 and 32), potentially 
reflecting the outputs of the anterior cingulate 
gyrus, which is associated with a wide variety of 
autonomic and rational cognitive functions. The 
left middle cingulate cortex (BA 24), is an inte-
gral part of the limbic system and is associated 
with learning and memory [34, 35]. The right 
middle cingulate gyrus (BA 32), called the dor-
sal part of the anterior cingulate cortex (ACC), 
projects to the rostral superior temporal gyrus, 
midorbitofrontal cortex and lateral prefrontal 
cortex. Eisenberger et al showed that self-
reported distress is positively correlated with a 
more active ACC [36]. In internet addiction dis-
order (IAD) studies, IAD subjects showed 
increased activation in this region and 
decreased activation in the orbitofrontal cortex 
after error response [37]. Additional executive 
function research has also shown error-related 
activity in the same region [38]. Therefore, the 
decreased brain activation in the right middle 
cingulate cortex was considered beneficial, 
indicating the positive treatment effect from 
Yiqihuoxue adminstration on post-stroke 
patients in the rehabilitation period.

The middle frontal gyrus is functionally associ-
ated with attention, short-term memory and 
other cognitive functions. Calcarine is the brain 
region that is primarily associated with primary 

visual cortex concentration [39]. The lingual 
gyrus is a brain structure that is suggested to 
play an important role in visual memory, visual-
limbic connection and dreaming [40]. Other 
related studies have shown that activation in 
the lingual gyrus might be associated with 
image encoding and selective attention [41, 
42]. Therefore, the higher activation in the lin-
gual gyrus in the treatment group here sug-
gests that Yiqi Huoxue administration can suf-
ficiently improve the brain function of post-
stroke patients in the rehabilitation period.

There are also some limitations in the present 
study. First, some patients had a history of 
hypertension that might have influenced their 
brain function. However, the hypertension sta-
tus was highly comparable between the treat-
ment and control groups, diminishing the 
potential confounding effects of hypertension 
and ensuring the credibility of the final results. 
Second, improvement in brain function is a long 
and complicated process that might not be fully 
reflected after a 3-month treatment. Therefore, 
more extensive neuropsychological trials over a 
longer follow-up period are needed.

Conclusion 

In the present study, we demonstrated that Yiqi 
Huoxue treatment significantly alleviates cogni-
tive impairment, alters brain activation in the 
rehabilitation period of post-stroke patients 
over a 3-month treatment period. These results 

Figure 3. ANCOVA analysis of fALFF value of bilateral cingulate gyrus. ANCOVA analysis of extracted ROI fALFF value 
with the baseline value as the covariate, *P<0.05.
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are providing some insight into future treat-
ments for post-stroke rehabilitation patients 
and should contribute to the prevention of 
stroke recurrence. Subsequent studies with a 
larger sample size and longer treatment dura-
tion should explore the curative effect and 
underlying mechanism of action of Yiqi Huoxue 
treatment on post-stroke patients in the reha-
bilitation period.
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