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Abstract: This study aimed to evaluate the effect of anisodamine on regional cerebral blood flow (rCBF) 

and associated dizziness. 150 patients with dizziness induced by low rCBF were divided randomly into 

groups A (n = 60; anisodamine), P (n = 60; alprostadil), and C (n = 30; normal saline). rCBF and 

dizziness severity were evaluated. After treatment, rCBF values increased both in groups A and P. The 

subjective symptom of dizziness improved in 55 (91.7%) patients with the DHI score decreasing from 

65.9 ± 5.4 to 23.1 ± 7.4 in group A, and the symptom improved in 37 (61.7%) patients with the DHI score 

decreasing from 66.8 ± 6.2 to 43.8 ± 8.6 in group P. The difference in DHI score and rCBF values in 

group A was more significant than that in group P. Anisodamine could increase rCBF and alleviate 

symptoms of dizziness more effectively than alprostadil. 
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Resumen: Este estudio tuvo como objetivo evaluar el efecto de la anisodamina en el flujo sanguíneo 

cerebral regional (rCBF) y los mareos asociados. 150 pacientes con mareos inducidos por un bajo rCBF 

fueron divididos aleatoriamente en los grupos A (n = 60; anisodamina), P (n = 60; alprostadil) y C (n = 

30; solución salina normal). Se evaluaron el rCBF y la gravedad de los mareos. Después del tratamiento, 

los valores de rCBF aumentaron tanto en los grupos A como en P. El síntoma subjetivo de mareo mejoró 

en 55 (91.7%) pacientes con una disminución de la puntuación DHI de 65.9 ± 5.4 a 23.1 ± 7.4 en el grupo 

A, y el síntoma mejoró en 37 (61.7%) pacientes con una disminución de la puntuación DHI de 66.8 ± 6.2 

a 43.8 ± 8.6 en el grupo P. La diferencia en la puntuación DHI y los valores de rCBF en el grupo A fue 

más significativa que en el grupo P. La anisodamina podría aumentar el rCBF y aliviar los síntomas de 

mareo de manera más efectiva que el alprostadil. 
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INTRODUCTION 

The term “dizziness” is subjective and nonspecific, 

but is customarily defined as vertigo, 

lightheadedness, presyncope, disequilibrium, or just 

not feeling well (Noij et al., 2021). Dizziness is a 

common complaint in clinical practice. The 

percentage of patients with dizziness is more than 3% 

of all emergency department visitors (Newman-Toker 

et al., 2008). Long-standing and short-duration mixed 

dizziness occurs more than once a month and affects 

primarily the functional aspects in patients with 

advanced age, especially in women (Rosa et al., 

2016). Moreover, dizziness confers a huge burden on 

the medical care system. Troublesomely, the 

pathogenesis of dizziness is extensive and 

complicated, including the harmless and the life-

threatening. A wide range of causes have been related 

to dizziness, such as vestibular, cardiovascular, 

respiratory, neurologic (including cerebrovascular), 

injury/poisoning, metabolic, psychiatric, digestive, 

genitourinary, and infectious conditions (Newman-

Toker et al., 2008). In addition, many studies have 

demonstrated that dizziness is the most common 

symptom in patients with posterior circulation 

ischemia, and the low regional cerebral brain flow 

(rCBF) could be responsible for dizziness (Searls et 

al., 2012; Firwana et al., 2022). Hence, it is 

reasonable to hypothesize that the vasodilating drugs 

that can increase the rCBF might have a therapeutic 

effect on dizziness. 

Anisodamine, extracted initially in 1965 from 

the Chinese medicinal herb Scopolia tangutica 

Maxim and synthesized in 1975, has a long history in 

clinical practice in China and shows extensive 

medical value by a large number of basic and clinical 

studies. Thus, it has been widely used in various 

diseases such as organophosphorus poisoning, gastric 

ulcers, gastrointestinal colic, eclampsia, migraine, 

respiratory diseases, rheumatoid arthritis, acute 

glomerular nephritis, obstructive jaundice, snake bite, 

and radiation damage (Yu et al., 2021b). In addition, 

the effect of anisodamine on improving 

microcirculation is attracting increasing attention. It 

is commonly used in the rescue of disseminated 

intravascular coagulation (DIC) and septic shock 

(Zhang et al., 1987; Zhang et al., 2015), which are 

closely related to microcirculatory disturbance. 

Further investigations showed that anisodamine also 

possessed salutary effects on brain microcirculation 

in rats (Varma & Yue, 1986). Hence, anisodamine 

may be the drug we need to increase rCBF and 

ameliorate low rCBF-associated dizziness. 

The 99mTc-ethyl cysteinate dimer (ECD) brain 

perfusion single-photon emission computed 

tomography (SPECT) is a noninvasive method to 

evaluate rCBF (Amen et al., 2017; Zheng et al., 

2017; Huaijantug et al., 2020). By ECD SPECT, we 

can effectively determine whether there is a low 

rCBF in patients with dizziness. Thus, this study 

aimed to evaluate the role of anisodamine in 

increasing the rCBF determined by ECD SPECT and 

investigate the therapeutic effect of anisodamine 

compared with alprostadil (prostaglandin E1, PGE1) 

on low rCBF in patients with dizziness. 

 

PATIENTS AND METHODS 

Patient information 

Patients complaining of dizziness, occasionally 

accompanying headache, were recruited in this study 

from January 2015 to October 2021. The inclusion 

criteria for this study included symptoms of dizziness 

and low rCBF in 99mTc-ECD brain perfusion SPECT. 

The exclusion criteria were as follows: (1) carotid 

artery stenosis > 50%, (2) lethal diseases, such as 

cerebral hemorrhage, malignant tumor, acute cerebral 

infarction, and myocardial infarction, (3) age < 18 

years, (4) severe insufficiency of the heart, liver, 

lung, or kidney, (5) epilepsy and cerebral trauma, (6) 

vestibular disease, (7) contraindication of drugs, 

including pregnancy, glaucoma, myasthenia gravis, 

prostatic hyperplasia, and obstructive gastrointestinal 

disorders, (8) patients who were unwilling to receive 

or could not tolerate the treatment of anisodamine or 

alprostadil. Ultimately, a total of 150 patients aged 

66.4 ± 8.8 years (67 male, 83 female) were enrolled 

in the present study. 

A complete and thorough description of the 

study was given to all subjects who gave written 

informed consent prior to the study according to the 

institutional guidelines and the Declaration of 

Helsinki. The study protocol was reviewed and 

approved by the ethics committee of Shanghai Chest 

Hospital, Shanghai Jiao Tong University School of 

Medicine, China. 

 

Study design 

This study used a prospective, single-blind, 

randomized, and controlled method. All patients 

enrolled were divided into three groups: group A 

(anisodamine group, n=60), received an intravenous 

administration of anisodamine (Hangzhou Minsheng 

Pharmaceutical Group Co., Ltd, China) at a dose of 

0.5 mg/kg, diluted with 50 mL normal saline, which 

was carried out at a rate of 5 mL/h via a micro-

infusion pump; group P (alprostadil group, n=60), 

received an intravenous drip of 20 μg of alprostadil 
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(Beijing Tide Pharmaceutical Co., Ltd, China), 

diluted with 50 mL normal saline, within 15 to 20 

minutes; and group C (control group, n=30), received 

a placebo of 50 mL of normal saline only, 

administered at a rate of 5 mL/h via a micro-infusion 

pump. The treatment cycle in each group is 14 days. 

All patients had no knowledge of any details about 

the specific drugs they received until the end of this 

study. The CONSORT diagram for the study is 

presented in Figure No. 1. 

 

 

 

 

 
Figure No. 1 

 

 

 

 
99mTc-ECD brain perfusion SPECT 
99mTc-ECD brain perfusion SPECT was performed as 

previous literature in the patients with dizziness on 

admission and within 7 days after treatment, 

respectively, by using a Symbia T16 SPECT/CT 

(Siemens, Germany) (Lei et al., 2017). Before 

scanning, all patients were required to keep a supine 

position with eyes closed in a dark and quiet room for 

30 minutes. SPECT/CT scans were performed 10 min 

after the intravenous injection of 1480 MBq of 99mTc-

ECD (Neurolite, Bristol-Myers Squibb, USA). The 

images were acquired in a matrix of 128 × 128 

through a rotation of 360° at steps of 2.8° for 80,000 

counts per view. Patients should keep still during this 

period. The SPECT images were reconstructed using 

filtered back-projection with ordered subset 

expectation materialization (OSEM) (Gorelick et al., 

2011; Liang et al., 2016). Each brain perfusion 

SPECT/CT study was quantified and compared with 

an age- and sex-matched normal database using the 

NeuroGam software package (Segami Corporation, 

USA). 

The interpretations of all images were carried 

out by 2 senior nuclear physicians in accordance with 

a uniform standard without knowing any information 

about the patients in advance. Data were analyzed 

using a revised 3-dimensional stereotaxic region of 

interest (ROI) template which was composed of 8 

segments (1, frontal lobe; 2, parietal lobe; 3, temporal 

lobe; 4, occipital lobe; 5, basal ganglia; 6, thalamus; 

7, hippocampus; 8, cerebellum) on each side 

(Takeuchi et al., 2002). Quantification of rCBF was 

evaluated according to the noninvasive Patlak plot 

method (Matsuda et al., 1995). Quantitative values of 

rCBF were expressed as mL/100g/min. Abnormal 

areas with perfusion defects were defined as those 
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with decreased uptake below two standard deviations 

of the normal mean. 

 

Symptom evaluation 

Dizziness Handicap Inventory (DHI), an 

internationally recognized method for evaluating the 

severity of vertigo, which contains 25 questions with 

a score ranging from 0 to 100, was recorded in this 

study to evaluate the severity of dizziness (van de 

Wyngaerde et al., 2019). This evaluation was carried 

out before and 4 weeks after the end of treatment, 

respectively. 

 

Statistical analysis 

Data management and statistical analyses were 

performed by using SAS 9.13 software (SAS Institute 

Inc., USA). Continuous variables were expressed as 

mean ± standard deviation (SD) and were compared 

using General linear model (GLM) test among the 

three groups. A Student’s t test was used for the 

comparisons of continuous variables between pre-and 

post-intervention in each group. Categorical variables 

were expressed as numbers and percentages (%), 

which were compared using Cochran-Mantel-

Haenszel Chi-square (CMH-2) test. A statistical 

significance was set at p<0.05. 

 

Ethics approval and consent to participate 

The study was approved by the Ethics Committee of 

Shanghai Chest Hospital, Shanghai Jiao Tong 

University School of Medicine. Patients who 

participated in this research, signed the informed 

consent and had complete clinical data. Signed 

written informed consents were obtained from the 

patients and/or guardians. 

 

RESULTS 

Clinical characteristics 

The demographic data and baseline characteristics of 

the patients with dizziness are shown in Table No. 1. 

There were no significant differences in gender, age, 

or concomitant disease (hypertension, diabetes 

mellitus, coronary artery disease, cerebral infarction, 

lacunar infarction, Parkinson's disease) among the 

three groups (p>0.05). No significant differences with 

respect to basic medications that patients needed for 

maintenance treatment, such as angiotensin-

converting enzyme inhibitors (ACE-I), angiotensin 

receptor blockers (ARB), calcium channel blockers 

(CCB), β-blockers, statins, aspirin, and cilostazol, 

were found among the three groups (p>0.05). 

 

Changes in rCBF on 99mTc-ECD SPECT 

The distributions of low rCBF before treatment 

among the three groups are listed in Table No. 2. The 

most common regions of low rCBF in the patients 

with dizziness included bilateral frontal and parietal 

lobes, and then temporal lobes and basal ganglia. 

There were no statistical differences in baseline 

distributions of low rCBF among the three groups 

(p>0.05). 

The mean rCBF quantitative values in all 

ROIs on 99mTc-ECD SPECT before and after 

intervention are listed in Table No. 3. No statistical 

difference was observed in each brain region among 

the three groups before treatment (p>0.05). In group 

A, the post-intervention values in all regions were 

significantly higher than pre-intervention levels 

(p<0.05). Following the intervention in Group P, the 

rCBF values of the frontal lobe, parietal lobe, and 

temporal lobe exhibited an increase compared to their 

pre-intervention levels. However, no statistically 

significant alterations were observed in the occipital 

lobe, basal ganglia, thalamus, hippocampus, and 

cerebellum before and after the intervention. 

(p>0.05). In group C, few changes were found in 

rCBF after intervention (p>0.05). 

Then, the quantitative values in those regions 

only with low rCBF were further compared in Table 

No. 4. Similarly, there were no statistical differences 

in all brain regions among the three groups before 

intervention (p>0.05). Except in group C, all rCBF 

values in group A and group P increased after 

medicine administrations. However, no statistical 

differences were observed in the right occipital lobes, 

right thalamus, left hippocampus, and right 

cerebellum in group P (p>0.05). Meanwhile, all of 

the post-treatment values in group A were 

significantly higher than those in group P (p<0.05). 

Figure No. 2 shows the changes in rCBF in one of the 

patients with dizziness who were treated with 

anisodamine. 

 

Symptom evaluation 

Four weeks after the end of 14-day anisodamine 

administration, in group A, the subjective symptom 

of dizziness improved in 55 (91.7%) patients, and the 

DHI score remarkably decreased from 65.9 ± 5.4 to 

23.1 ± 7.4 (p<0.01). Then in group P, the symptoms 

improved in 37 (61.7%) patients and the DHI score 

decreased from 66.8 ± 6.2 to 43.8 ± 8.6 (p<0.01). No 

significant changes in subjective symptom or DHI 

score (from 63.7 ± 4.6 to 62.6 ± 5.8, p>0.05) were 

observed in group C (Figure No. 3). 
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Table No. 1 

Baseline characteristics of patients with dizziness 

Variables Group A (n = 60) Group P (n = 60) Group C (n = 30) p 

Male gender 22 (36.7) 27 (45.0) 18 (60.0) 0.110 

Age, years 67.2 ± 9.1 66.1 ± 8.9 65.4 ± 8.0 0.701 

concomitant disease     

  Hypertension 37 (61.7) 31 (51.7) 14 (46.7) 0.336 

  Diabetes mellitus 14 (23.3) 11 (18.3) 8 (26.7) 0.634 

  Coronary artery disease 7 (11.7) 10 (16.7) 6 (20.0) 0.547 

  Cerebral infarction 11 (18.3) 16 (26.7) 4 (13.3) 0.286 

  Lacunar infarction 14 (23.3) 18 (30.0) 6 (20.0) 0.530 

  Parkinson's disease 6 (10.0) 10 (16.7) 2 (6.7) 0.321 

Medications     

ACE-I/ARB 12 (20.0) 16 (26.7) 5 (16.7) 0.497 

CCB 10 (16.7) 6 (10.0) 4 (13.3) 0.562 

  β-blockers 5 (8.3) 2 (3.3) 2 (6.7) 0.507 

Statins 17 (28.3) 14 (23.3) 5 (16.7) 0.468 

Aspirin 16 (26.7) 17 (28.3) 6 (20.0) 0.689 

Cilostazol 13 (21.7) 11 (18.3) 5 (16.7) 0.825 

Data are expressed as mean ± SD or as numbers (%) 

ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers;  

CCB, calcium channel blockers 

 

 

Table No. 2 

Comparisons of baseline distributions of low rCBF among 3 groups 

Region 
Group A 

(n = 60) 

Group P 

(n = 60) 

Group C 

(n = 30) 
p 

L frontal 37 (61.7) 31 (51.7) 18 (60.0) 0.513 

R frontal 34 (56.7) 35 (58.3) 14 (46.7) 0.556 

L parietal 36 (60.0) 32 (53.3) 16 (53.3) 0.723 

R parietal 32 (53.3) 31 (51.7) 14 (46.7) 0.835 

L temporal 19 (31.7) 22 (36.7) 13 (43.3) 0.549 

R temporal 14 (23.3) 19 (31.7) 8 (26.7) 0.589 

L occipital 7 (11.7) 10 (16.7) 2 (6.7) 0.387 

R occipital 5 (8.3) 7 (11.7) 4 (13.3) 0.730 

L basal 17 (28.3) 13 (21.7) 10 (33.3) 0.464 

R basal 19 (31.7) 17 (28.3) 10 (33.3) 0.868 

L thalamus 7 (11.7) 10 (16.7) 7 (23.3) 0.357 

R thalamus 7 (11.7) 6 (10.0) 6 (20.0) 0.387 

L hippocampus 2 (3.3) 4 (6.7) 2 (6.8) 0.673 

R hippocampus 5 (8.3) 10 (16.7) 4 (13.3) 0.387 

L cerebellum 5 (8.3) 6 (10.0) 1 (3.3) 0.543 

R cerebellum 2 (3.3) 4 (6.7) 2 (6.7) 0.673 

Data are expressed as number (%). 

L, left; R, right 
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Table No. 3 

Comparisons of rCBF values in all regions between pre-and post-intervention 

Region 
Group A (n = 60)  Group P (n = 60)  Group C (n = 30) 

Pre Post p  Pre Post p  Pre Post p 

L frontal 
48.1 ± 

10.3 

56.6 ± 

9.3 
0.003  

50.5 ± 

13.4 

58.1 ± 

12.8 
0.047  

49.5 ± 

11.8 

49.9 ± 

11.7 
0.933 

R frontal 
50.5 ± 

12.4 

58.2 ± 

10.8 
0.024  

48.4 ± 

12.9 

55.7 ± 

12.7 
0.049  

50.0 ± 

13.2 

49.8 ± 

13.0 
0.967 

L parietal 
46.9 ± 

10.9 

55.4 ± 

9.5 
0.005  

47.7 ± 

12.7 

54.9 ± 

11.5 
0.041  

48.6 ± 

12.0 

49.3 ± 

12.4 
0.876 

R parietal 
49.4 ± 

11.8 

58.3 ± 

11.4 
0.009  

49.1 ± 

11.9 

56.3 ± 

12.0 
0.037  

51.0 ± 

12.9 

51.5 ± 

13.5 
0.935 

L temporal 
53.9 ± 

10.9 

61.6 ± 

10.9 
0.015  

51.9 ± 

11.3 

58.4 ± 

11.0 
0.044  

51.3 ± 

12.1 

50.8 ± 

11.4 
0.921 

R temporal 
55.2 ± 

10.1 

63.0 ± 

10.3 
0.010  

52.6 ± 

11.8 

59.4 ± 

11.7 
0.045  

53.7 ± 

12.0 

53.8 ± 

11.9 
0.981 

L occipital 
59.5 ± 

8.1 

65.7 ± 

6.2 
0.004  

61.1 ± 

11.0 

66.6 ± 

10.7 
0.080  

61.4 ± 

11.3 

60.7 ± 

11.2 
0.877 

R occipital 
60.5 ± 

8.3 

66.8 ± 

6.4 
0.005  

62.6 ± 

10.1 

66.9 ± 

10.5 
0.151  

62.0 ± 

11.2 

61.0 ± 

11.9 
0.825 

L basal 
56.1 ± 

11.9 

63.6 ± 

9.6 
0.019  

58.3 ± 

12.1 

63.9 ± 

12.1 
0.108  

56.9 ± 

12.0 

57.4 ± 

12.6 
0.934 

R basal 
57.2 ± 

13.7 

64.9 ± 

10.8 
0.031  

57.8 ± 

12.8 

63.0 ± 

13.3 
0.166  

57.2 ± 

14.0 

57.7 ± 

14.4 
0.923 

L thalamus 
62.3 ± 

10.3 

69.4 ± 

7.4 
0.008  

61.1 ± 

11.2 

66.8 ± 

10.1 
0.065  

60.8 ± 

10.6 

61.3 ± 

10.8 
0.906 

R thalamus 
60.9 ± 

9.8 

68.5 ± 

6.1 
0.002  60.7 ± 9.7 

65.8 ± 

10.7 
0.080  

62.3 ± 

8.4 

63.0 ± 

8.9 
0.826 

L hippocampus 
64.7 ± 

6.5 

70.3 ± 

6.2 
0.003  63.1 ± 8.5 

65.6 ± 

8.9 
0.313  

62.0 ± 

8.3 

62.9 ± 

8.8 
0.793 

R hippocampus 
63.2 ± 

8.0 

68.9 ± 

7.7 
0.013  

61.6 ± 

10.9 

64.9 ± 

10.6 
0.277  

61.1 ± 

11.5 

62.0 ± 

11.4 
0.839 

L cerebellum 
65.3 ± 

9.1 

71.3 ± 

6.8 
0.010  

64.1 ± 

10.7 

67.9 ± 

9.6 
0.193  

65.4 ± 

11.6 

64.3 ± 

11.9 
0.813 

R cerebellum 
67.1 ± 

6.9 

72.1 ± 

6.3 
0.010  66.5 ± 7.1 

69.5 ± 

6.6 
0.130  

67.6 ± 

9.0 

66.6 ± 

9.0 
0.797 

Data are expressed as mean ± SD (mL/100g/min). 

L, left; R, right; Pre, pre-intervention; Post, post-intervention. 

 

 

Side effects 

The side effects detected during the course of 

intervention in group A and group P are listed in 

Table No. 5. Thirst (83.3%), blurred vision (20.0%), 

and dysuria (11.7%) were observed in group A but 

not found in group P. On the contrary, headache 

(1.7%), vascular pain (18.3%), and vasculitis (8.3%) 

were detected in group P but not found in group A. 

Meanwhile, 10 patients (16.7%) in group A and 1 

patient (1.7%) in group P complained of symptomatic 

palpitation or tachycardia, 5 patients (8.3%) in group 

A and 2 patients (3.3%) in group P developed facial 

flushing. All side effects were slight and tolerable and 

spontaneously subsided within 2-3 h after the end of 

intravenous administration. 

DISCUSSION 

Cerebral microangiopathy is usually characterized by 

the reduction of CBF and vasomotor reactivity 

(Thudium et al., 2023). The rCBF is a useful marker 

of neuronal activity and has been widely used in 

neurological studies. So far, low rCBF has been 

implicated in a variety of neurological diseases such 

as Alzheimer's disease (Yoshii et al., 2018), carbon 

monoxide poisoning (Chen et al., 2016), Machado–

Joseph disease (Braga-Neto et al., 2016), and 

disorders of consciousness (Liu et al., 2016). 

Importantly, low CBF was linked to a higher risk of 

all-cause, cardiovascular, and non-cardiovascular 

mortality in older people regardless of clinical 

cardiovascular status (Sabayan et al., 2013). 
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Therefore, it has been an important method for the 

treatment of cerebral microvascular disease by 

increasing rCBF. The data obtained from our study 

suggested that anisodamine exhibited the potential to 

enhance rCBF in individuals experiencing dizziness. 

Notably, the observed enhancement of rCBF in 

specific brain regions, such as the occipital lobe, 

basal ganglia, thalamus, hippocampus, and 

cerebellum, surpassed that achieved by alprostadil. 

Furthermore, the subjective severity of dizziness in 

patients was found to be reduced by anisodamine, as 

evidenced by the DHI score. 

 

Table No. 4 

Comparisons of quantitative values in regions with low rCBF between pre-and post-intervention 

Region Group A  Group P  Group C 

 Pre Post p  Pre Post       p  Pre Post p 

L frontal 38.7 ± 3.7 49.5 ± 5.3 < 0.001  38.3 ± 2.9 44.5 ± 6.0 0.003  37.5 ± 2.2 38.2 ± 2.1 0.432 

R frontal 40.1 ± 3.2 51.3 ± 6.3 < 0.001  38.6 ± 3.1 45.0 ± 5.6 < 0.001  38.5 ± 2.1 38.6 ± 2.3 0.912 

L parietal 37.3 ± 3.4 48.9 ± 5.9 < 0.001  37.0 ± 2.9 44.2 ± 5.0 < 0.001  38.1 ± 2.2 38.6 ± 2.4 0.457 

R parietal 39.5 ± 3.0 50.7 ± 6.2 < 0.001  38.2 ± 2.4 45.6 ± 5.8 < 0.001  38.1 ± 2.3 37.9 ± 2.1 0.822 

L temporal 39.0 ± 3.2 49.8 ± 4.1 < 0.001  38.3 ± 2.6 44.4 ± 4.3 < 0.001  36.9 ± 2.0 37.5 ± 2.2 0.563 

R temporal 40.2 ± 3.6 49.3 ± 3.9 < 0.001  38.4 ± 2.4 45.0 ± 5.6 0.004  37.0 ± 1.4 36.9 ± 1.5 0.898 

L occipital 38.3 ± 1.5 47.0 ± 3.3 < 0.001  37.4 ± 1.5 42.8 ± 3.2 0.001  38.8 ± 1.2 38.9 ± 1.1 0.910 

R occipital 39.6 ± 2.0 49.2 ± 2.5 < 0.001  37.8 ± 2.2 41.4 ± 3.9 0.080  37.5 ± 1.4 36.3 ± 1.1 0.304 

L basal 37.4 ± 2.9 46.8 ± 4.2 < 0.001  37.6 ± 2.5 42.5 ± 3.8 0.004  37.4 ± 1.6 36.9 ± 1.5 0.542 

R basal 37.9 ± 3.2 51.3 ± 6.6 < 0.001  38.4 ± 2.4 43.1 ± 4.8 0.039  37.7 ± 1.7 37.7 ± 1.3 0.913 

L thalamus 36.8 ± 1.6 46.7 ± 4.3 < 0.001  37.4 ± 1.5 42.2 ± 3.2 0.002  39.2 ± 2.4 38.9 ± 2.1 0.820 

R thalamus 35.9 ± 1.5 46.4 ± 3.8 < 0.001  37.0 ± 1.3 39.6 ± 3.3 0.141  38.0 ± 2.2 37.8 ± 2.1 0.874 

L hippocampus 40.1 ± 1.0 49.6 ± 1.6 0.018  39.2 ± 1.4 41.9 ± 4.2 0.358  37.0 ± 2.1 37.0 ± 1.6 0.981 

R hippocampus 38.7 ± 1.9 45.8±2.6 0.001  38.0 ± 1.8 41.7 ± 2.9 0.008  37.0 ± 1.6 38.0 ± 1.7 0.491 

L cerebellum 39.1 ± 1.6 49.8 ± 4.8 0.006  38.6 ± 1.4 43.0 ± 3.8 0.042  39.4 38.8 — 

R cerebellum 39.6 ± 1.7 47.3 ± 1.1 0.033  38.8 ± 1.9 41.9 ± 4.2 0.316  38.5 ± 2.3 38.2 ± 1.3 0.868 

Data are expressed as mean ± SD (mL/100g/min). 

L, left; R, right; Pre, pre-intervention; Post, post-intervention 

 

 

 

Table No. 5 

Side effects during the course of treatment 

Variables 
Group A 

(n = 60) 

Group P 

(n = 60) 

Thirst 50 (83.3) 0 (0) 

Blurred vision 12 (20.0) 0 (0) 

Palpitation/tachycardia 10 (16.7) 1 (1.7) 

Dysuria 7 (11.7) 0 (0) 

Flushing 5 (8.3) 2 (3.3) 

Headache 0 (0) 1 (1.7) 

Vascular pain 0 (0) 11 (18.3) 

Vasculitis 0 (0) 5 (8.3) 

Data are expressed as numbers (%). 
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There are many causes of dizziness, and the 

disease factor is one of the most common 

cerebrovascular diseases (Pfieffer et al., 2019) with a 

higher incidence among the elderly (Maarsingh et al., 

2010). Our research findings further corroborated this 

observation, as our study population exhibited an 

average age exceeding 65 years, and 54.67% 

(82/150) of individuals reporting dizziness also 

presented with hypertension. Prior investigations 

have demonstrated that hypertension can induce 

constriction of cerebral arterioles and luminal 

narrowing, consequently impairing collateral 

circulation functionality and blood supply, thereby 

precipitating dizziness in affected patients (Pires et 

al., 2013). In addition, other cardiovascular and 

cerebrovascular diseases, including coronary artery 

disease, cerebral infarction, and lacunar infarction, 

accounted for 15.33% (23/150), 20.67% (31/150), 

and 25.33% (38/150) of the total study subjects, 

respectively. 

 

Figure No. 2 

 
Changes in rCBF in a patient with dizziness who was treated with anisodamine. Left, before treatment, focal 

decrease of radioactivity distribution was seen in bilateral frontal lobe, left basal ganglia and left thalamus. 

Right, after treatment, radioactivity distribution of the above segments increased significantly. 

 

 

Figure No. 3 

 
Comparisons of DHI scores between pre- and post-intervention among 3 groups. 

 

 

In the realm of clinical practice, scopolamine 

and anisodamine are both classified as anticholin 

ergic medications. Scopolamine primarily exerts its 

influence on the central nervous system, resulting in 

inhibitory effects, and is primarily employed in the 

treatment of vertigo stemming from vestibular 

dysfunction. On the other hand, anisodamine is 

predominantly utilized for its ability to relax smooth 
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muscles and alleviate vasospasm, making it 

particularly effective in combating shock. Numerous 

studies have substantiated a comprehensive 

comprehension of anisodamine's mechanism of 

action in counteracting shock, which notably 

enhances blood circulation within the 

microcirculatory system (Volkan-Salanci et al., 2012; 

Yu et al., 2021a). The utilization of 99mTc-ECD 

SPECT brain perfusion imaging has been 

documented as a means to observe regional cerebral 

blood flow perfusion. For instance, Zhao et al. 

(2011), employed cerebral perfusion SPECT to 

examine regional cerebral blood flow in 40 patients 

diagnosed with ischemic moyamoya disease (Zhao et 

al., 2011). Patients experiencing cerebral ischemia 

accompanied by symptoms of dizziness exhibit 

enhanced disease management through medication, 

which concurrently elevates regional cerebral blood 

flow in the brain, thereby leading to an amelioration 

of dizziness symptoms (Inoue & Harada, 2008; 

Johkura et al., 2012; Inoue et al., 2014). Hence, the 

objective of this research is to examine the 

correlation between alterations in rCBF and the 

amelioration of dizziness symptoms in patients 

subjected to anisodamine treatment. 

In the realm of dizziness treatment, 

contemporary medicine predominantly employs 

vasodilators to address both symptoms and 

underlying causes by expanding cerebral blood 

vessels and enhancing cerebral circulation. 

Furthermore, calcium antagonists are utilized to 

induce relaxation in vascular smooth muscle (No 

authors listed, 2021). Additionally, antiplatelet 

medications, including aspirin, are administered to 

avert vasoconstriction and ameliorate dizziness 

(Molnar & McGee, 2014). For instance, Johkura et 

al. (2012), investigated the efficacy of cilostazol 

versus aspirin for chronic dizziness following 

ischemic stroke (Johkura et al., 2012). After 6 

months of antiplatelet therapy, 30 patients (83.3%) in 

the cilostazol group showed significant improvement 

in dizziness symptoms. However, the efficiency in 

the aspirin group was 39.0% (16 patients). 

Correspondingly, the rCBF increased only in the 

cilostazol group. These suggested that while 

cilostazol and aspirin exhibit similar antiplatelet 

properties, they have different effects in improving 

rCBF in dizziness patients. Intravenous 

administration of anisodamine was effective on 

variant angina and had a notable effect on coronary 

microvascular dysfunction in patients with 

obstructive epicardial coronary artery disease after 

percutaneous coronary intervention (Hou & Jiang, 

2014; Chen et al., 2022), which further confirmed the 

salutary effect of anisodamine on coronary 

microcirculation. Our study assessed cerebral blood 

flow perfusion by dividing the anterior and posterior 

circulation systems of the brain into various regions 

of interest using a semi-quantitative rGBF method. 

To evaluate the efficacy of anisodamine in treating 

dizziness, we used PGE1 as a control due to its strong 

vasodilator activity. After a 4-week treatment period, 

anisodamine demonstrated a high improvement rate 

in dizziness and an increase in rCBF in specific brain 

regions, including the frontal, parietal, temporal, 

occipital, basal ganglia, thalamus, hippocampus, and 

cerebellum. The blood circulation of the brain is 

classified into two distinct systems: the anterior 

circulatory system and the posterior circulatory 

system. The anterior circulatory system, known as the 

internal carotid artery system, originates from both 

internal carotid arteries. Within the brain, the frontal, 

parietal, and temporal lobes are nourished by the 

middle carotid artery. On the other hand, the posterior 

circulation is facilitated by the subclavian artery. This 

circulation primarily provides blood supply to the 

occipital lobe, brainstem, thalamus, hippocampus, 

and cerebellum (Yu et al., 2021a). Then, the result 

that after treatment the rCBF values in each region 

with originally low CBF in group A were higher than 

those in group P further indicate that anisodamine 

may be superior to alprostadil in ameliorating low 

rCBF. What's more, throughout the whole course of 

treatment, the side effects of anisodamine were slight, 

transient, and tolerable. Accordingly, anisodamine 

has certain advantages in the treatment of dizziness 

by improving rCBF. 

Despite the encouraging results, there are 

some limitations to this study. Firstly, this was a 

single-center study with a relatively small sample 

size. For some regions such as occipital lobe, 

thalamus, hippocampus, and cerebellum, the number 

of patients with low rCBF was too small to reach a 

definite conclusion with statistical significance. 

Further large-scale multicenter investigations are 

required to support our findings. Secondly, the ROI 

based on the structural information could not 

effectively reflect the functional brain information. 

The Statistical Parametric Mapping method based on 

the functional brain information should be applied in 

future studies. Thirdly, the four-week follow-up in 

this study might be too short to evaluate the long-

term effect of anisodamine on such disease. It will be 

necessary to follow up for at least one year. Fourthly, 

the dose of anisodamine used in this study was 

according to the previous investigation on septic 
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shock and coronary microvascular disorders (Zhao et 

al., 2011; Zhang et al., 2015). Different dose groups 

should be established to determine the optimum dose 

of anisodamine in the treatment of dizziness in future 

studies. Finally, we are not sure whether prolonging 

or shortening the intervention period or converting to 

oral preparation of anisodamine may result in 

different effects, all of which require more 

investigations to elucidate.  

 

CONCLUSIONS 

Anisodamine could increase rCBF, ameliorate 

cerebral ischemia, and alleviate symptoms of 

dizziness caused by low rCBF more effectively than 

alprostadil (PGE1). The side effects of anisodamine 

were slight, transient, and tolerable. Therefore, 

intravenous anisodamine administration might be an 

appropriate choice for the treatment of dizziness 

associated with low rCBF. However, more studies are 

expected to verify the efficacy of anisodamine and 

further explore its therapeutic mechanism. 

 

 

REFERENCES 

Amen DG, Krishnamani P, Meysami S, Newberg A, Raji CA. 2017. Classification of depression, cognitive 

disorders, and co-morbid depression and cognitive disorders with perfusion SPECT neuroimaging. J 

Alzheimers Dis 57: 253 - 266. https://doi.org/10.3233/JAD-161232 

Braga-Neto P, Pedroso JL, Gadelha A, Laureano MR, de Souza Noto C, Garrido GJ, Barsottini OG. 2016. Psychosis 

in Machado-Joseph disease: Clinical correlates, pathophysiological discussion, and functional brain 

imaging. Expanding the cerebellar cognitive affective syndrome. Cerebellum 15: 483 - 490. 

https://doi.org/10.1007/s12311-015-0716-2 

Chen SY, Lin CC, Lin YT, Lo CP, Wang CH, Fan YM. 2016. Reversible changes of brain perfusion SPECT for 

carbon monoxide poisoning-induced severe akinetic mutism. Clin Nucl Med 41: 221 - 227.  

https://doi.org/10.1097/RLU.0000000000001121  

Chen L, Lei B, Lou Y, Chen LX, Jiang JQ. 2022. Impact of intravenous administration of anisodamine on coronary 

microvascular dysfunction in patients with obstructive epicardial coronary artery disease after percutaneous 

coronary intervention. Trop J Pharmaceut Res 21: 1045 - 1053. https://doi.org/10.4314/tjpr.v21i5.19 

Firwana YMS, Zolkefley MKI, Hatta HZM, Rowbin C, Nassir CMNCM, Hanafi MH, Abdullah MS, Keserci B, 

Lannin NA, Mustapha M. 2022. Regional cerebral blood perfusion changes in chronic stroke survivors as 

potential brain correlates of the functional outcome following gamified home-based rehabilitation 

(IntelliRehab)-a pilot study. J Neuroeng Rehabil 19: 94. https://doi.org/10.1186/s12984-022-01072-w 

Gorelick PB, Scuteri A, Black SE, Decarli C, Greenberg SM, Iadecola C, Launer LJ, Laurent S, Lopez OL, 

Nyenhuis D, Petersen RC, Schneider JA, Tzourio C, Arnett DK, Bennett DA, Chui HC, Higashida RT, 

Lindquist R, Nilsson PM, Roman GC, Sellke FW, Seshadri S, American Heart Association Stroke Council, 

Council on Epidemiology and Prevention, Council on Cardiovascular Nursing, Council on Cardiovascular 

Radiology and Intervention, and Council on Cardiovascular Surgery and Anesthesia. 2011. Vascular 

contributions to cognitive impairment and dementia: a statement for healthcare professionals from the 

american heart association/american stroke association. Stroke 42: 2672 - 2713.  

https://doi.org/10.1161/STR.0b013e3182299496  

Hou X, Jiang J. 2014. Intravenous administration of anisodamine is effective on variant angina. Chin Med J 127: 

1800.  

Huaijantug S, Theeraphun W, Suwanna N, Thongpraparn T, Chanachai R, Aumarm W. 2020. Localization of 

cerebral hypoperfusion in dogs with refractory and non-refractory epilepsy using [99mTc] ethyl cysteinate 

dimer and single photon emission computed tomography. J Vet Med Sci 82: 553 - 558.  

https://doi.org/10.1292/jvms.19-0372  

Inoue N, Harada M. 2008. Effect of ibudilast on non-specific symptoms in patients with chronic cerebral ischemia. 

Analysis of cerebral blood flow. Arzneimittelforschung 58: 277 - 282.  

https://doi.org/10.1055/s-0031-1296507  

Inoue N, Fukuda S, Inada T, Sameshima E, Tokushima Y, Harada M. 2014. Effect of ibudilast on the reciprocal 

inhibitory visual-vestibular interaction closely related to dizziness after cerebral ischemia. J Stroke 

Cerebrovasc Dis 23: 51 - 55. https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.09.007  

Johkura K, Yoshida TN, Kudo Y, Nakae Y, Momoo T, Kuroiwa Y. 2012. Cilostazol versus aspirin therapy in 

patients with chronic dizziness after ischemic stroke. Clin Neurol Neurosurg 114: 876 - 880.  

https://doi.org/10.3233/JAD-161232
https://doi.org/10.1007/s12311-015-0716-2
https://doi.org/10.1097/RLU.0000000000001121
https://doi.org/10.4314/tjpr.v21i5.19
https://doi.org/10.1186/s12984-022-01072-w
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1292/jvms.19-0372
https://doi.org/10.1055/s-0031-1296507
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.09.007


 

Chen et al. Effect of anisodamine in patients with dizziness 

 

                                     Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/ 821 

https://doi.org/10.1016/j.clineuro.2012.01.029 

Lei Y, Li YJ, Guo QH, Liu XD, Liu Z, Ni W, Su JB, Yang H, Jiang HQ, Xu B, Gu YX, Mao Y. 2017. Postoperative 

executive function in adult moyamoya disease: a preliminary study of its functional anatomy and 

behavioral correlates. J Neurosurg 126: 527 - 536. https://doi.org/10.3171/2015.12.JNS151499  

Liang X, Zou Q, He Y, Yang Y. 2016. Topologically reorganized connectivity architecture of default-mode, 

executive-control, and salience networks across working memory task loads. Cereb Cortex 26: 1501 - 

1511. https://doi.org/10.1093/cercor/bhu316  

Liu P, Gao J, Pan S, Meng F, Pan G, Li J, Luo B. 2016. Effects of high-frequency repetitive transcranial magnetic 

stimulation on cerebral hemodynamics in patients with disorders of consciousness: A sham-controlled 

study. Eur Neurol 76: 1 - 7. https://doi.org/10.1159/000447325  

Maarsingh OR, Dros J, Schellevis FG, van Weert HC, Bindels PJ, van der Horst HE. 2010. Dizziness reported by 

elderly patients in family practice: prevalence, incidence, and clinical characteristics. BMC Fam Pract 11: 

2. https://doi.org/10.1186/1471-2296-11-2 

Matsuda H, Yagishita A, Tsuji S, Hisada K. 1995. A quantitative approach to technetium-99m ethyl cysteinate 

dimer: a comparison with technetium-99m hexamethylpropylene amine oxime. Eur J Nucl Med 22: 633 - 

637. https://doi.org/10.1007/BF01254564  

Molnar A, McGee S. 2014. Diagnosing and treating dizziness. Med Clin North Am 98: 583 - 596.  

https://doi.org/10.1016/j.mcna.2014.01.014 

Newman-Toker DE, Hsieh YH, Camargo CA, Pelletier AJ, Butchy GT, Edlow JA. 2008. Spectrum of dizziness 

visits to US emergency departments: cross-sectional analysis from a nationally representative sample. 

Mayo Clin Proc 83: 765 - 775. https://doi.org/10.4065/83.7.765  

No authors listed. 2021. Cinnarizine/dimenhydrinate for vertigo. Aust Prescr 44: 62 - 63.  

https://doi.org/10.18773/austprescr.2021.009 

Noij KS, Shapiro SB, Samy RN, Naples JG. 2021. Vertigo: Streamlining the evaluation through symptom 

localization. Med Clin North Am 105: 901 - 916. https://doi.org/10.1016/j.mcna.2021.05.011  

Pfieffer ML, Anthamatten A, Glassford M. 2019. Assessment and treatment of dizziness and vertigo. Nurse Pract 

44: 29 - 36. https://doi.org/10.1097/01.NPR.0000579744.73514.4b 

Pires PW, Ramos CMD, Matin N, Dorrance AM. 2013. The effects of hypertension on the cerebral circulation. Am 

J Physiol Heart Circ Physiol 304: 1598 - 1614. https://doi.org/10.1152/ajpheart.00490.2012 

Rosa TSM, Moraes AB, Santos Filha VAV. 2016. The institutionalized elderly: sociodemographic and clinical-

functional profiles related to dizziness. Braz J Otorhinolaryngol 82: 159 - 169.  

https://doi.org/10.1016/j.bjorl.2014.12.014  

Sabayan B, van der Grond J, Westendorp RG, Jukema JW, Ford I, Buckley BM, Sattar N, van Osch MJP, van 

Buchem MA, de Craen AJM. 2013. Total cerebral blood flow and mortality in old age: a 12-year follow-up 

study. Neurology 81: 1922 - 1929. https://doi.org/10.1212/01.wnl.0000436618.48402.da  

Searls DE, Pazdera L, Korbel E, Vysata O, Caplan LR. 2012. Symptoms and signs of posterior circulation ischemia 

in the new England medical center posterior circulation registry. Arch Neurol 69: 346 - 351.  

https://doi.org/10.1001/archneurol.2011.2083  

Takeuchi R, Yonekura Y, Matsuda H, Konishi J. 2002. Usefulness of a three-dimensional stereotaxic ROI template 

on anatomically standardised 99mTc-ECD SPET. Eur J Nucl Med Mol Imaging 29: 331 - 341.  

https://doi.org/10.1007/s00259-001-0715-z 

Thudium M, Moestl S, Hoffmann F, Hoff A, Kornilov E, Heusser K, Tank J, Soehle M. 2023. Cerebral blood flow 

autoregulation assessment by correlation analysis between mean arterial blood pressure and transcranial 

doppler sonography or near infrared spectroscopy is different: A pilot study. Plos One 18: e0287578. 

https://doi.org/10.1371/journal.pone.0287578  

van de Wyngaerde KM, Lee MK, Jacobson GP, Pasupathy K, Romero-Brufau S, McCaslin DL. 2019. The 

component structure of the Dizziness Handicap Inventory (DHI): A reappraisal. Otol Neurotol 40: 1217 - 

1223. https://doi.org/10.1097/MAO.0000000000002365 

Varma DR, Yue TL. 1986. Adrenoceptor blocking properties of atropine-like agents anisodamine and anisodine on 

brain and cardiovascular tissues of rats. Br J Pharmacol 87: 587 - 594.  

https://doi.org/10.1111/j.1476-5381.1986.tb10201.x 

Volkan-Salanci B, Ergün EL, Sel CG, Yalnizoğlu D, Turanli G. 2012. The role of brain perfusion SPECT in 

Moyamoya disease. Rev Esp Med Nucl Imagen Mol 31: 216 - 218. 

https://doi.org/10.1016/j.clineuro.2012.01.029
https://doi.org/10.3171/2015.12.JNS151499
https://doi.org/10.1093/cercor/bhu316
https://doi.org/10.1159/000447325
https://doi.org/10.1186/1471-2296-11-2
https://doi.org/10.1007/BF01254564
https://doi.org/10.1016/j.mcna.2014.01.014
https://doi.org/10.4065/83.7.765
https://doi.org/10.18773/austprescr.2021.009
https://doi.org/10.1016/j.mcna.2021.05.011
https://doi.org/10.1097/01.NPR.0000579744.73514.4b
https://doi.org/10.1152/ajpheart.00490.2012
https://doi.org/10.1016/j.bjorl.2014.12.014
https://doi.org/10.1212/01.wnl.0000436618.48402.da
https://doi.org/10.1001/archneurol.2011.2083
https://doi.org/10.1007/s00259-001-0715-z
https://doi.org/10.1371/journal.pone.0287578
https://doi.org/10.1097/MAO.0000000000002365
https://doi.org/10.1111/j.1476-5381.1986.tb10201.x


 

Chen et al. Effect of anisodamine in patients with dizziness 

 

                                     Boletín Latinoamericano y del Caribe de Plantas Medicinales y Aromáticas/ 822 

https://doi.org/10.1016/j.remn.2012.02.006 

Yoshii F, Kawaguchi C, Kohara S, Shimizu M, Onaka H, Ryo M, Takahashi W. 2018. Characteristic deterioration of 

ADAS-Jcog subscale scores and correlations with regional cerebral blood flow reductions in Alzheimer's 

disease. Neurol Sci 39: 909 - 918. https://doi.org/10.1007/s10072-018-3277-6 

Yu H, Li Y, Feng Y, Zhang L, Yao Z, Liu Z, Gao W, Chen Y, Xie S. 2021a. Enhanced arterial spin labeling magnetic 

resonance imaging of cerebral blood flow of the anterior and posterior circulations in patients with 

intracranial atherosclerotic stenosis. Front Neurosci 15: 823876.  

https://doi.org/10.3389/fnins.2021.823876  

Yu Y, Zhu C, Hong Y, Chen L, Huang Z, Zhou J, Tian X, Liu D, Ren B, Zhang C, Hu C, Wang X, Yin R, Gao Y, 

Zhang Z. 2021b. Effectiveness of anisodamine for the treatment of critically ill patients with septic shock: a 

multicentre randomized controlled trial. Crit Care 25: 349. https://doi.org/10.1186/s13054-021-03774-4 

Zhang S, Chang AM, Li CF, Li ZJ, Yin ZJ, Zhao X, Liang SL. 1987. Mechanism of the therapeutic effect of 

anisodamine in disseminated intravascular coagulation: study of platelet adhesion and aggregation, 

malondialdehyde, thromboxane B2, 6-keto-prostaglandin F1 alpha, and microcirculation. Exp Hematol 15: 

65 - 71. 

Zhang Z, Zhou J, Shang Y, Wang X, Yin R, Zhu Z, Chen W, Tian X, Yu Y, Zuo X, Chen K, Ji X, Ni H, Anisodamine 

Critically Ill SeptIc Shock (ACIdoSIS) study group. 2015. Effectiveness of anisodamine for the treatment 

of critically ill patients with septic shock (ACIdoSIS study): study protocol for randomized controlled trial. 

Ann Transl Med 3: 246. https://doi.org/10.3978/j.issn.2305-5839.2015.10.03 

Zhao T, Li DJ, Liu C, Su DF, Shen FM. 2011. Beneficial effects of anisodamine in shock involved cholinergic anti-

inflammatory pathway. Front Pharmacol 2: 23. https://doi.org/10.3389/fphar.2011.00023  

Zheng X, Wei W, Huang Q, Song S, Wan J, Huang G. 2017. A computer-aided analysis method of SPECT brain 

images for quantitative treatment monitoring: Performance evaluations and clinical applications. Biomed 

Res Int 2017: 1962181. https://doi.org/10.1155/2017/1962181  

https://doi.org/10.1016/j.remn.2012.02.006
https://doi.org/10.1007/s10072-018-3277-6
https://doi.org/10.3389/fnins.2021.823876
https://doi.org/10.1186/s13054-021-03774-4
https://doi.org/10.3978/j.issn.2305-5839.2015.10.03
https://doi.org/10.3389/fphar.2011.00023
https://doi.org/10.1155/2017/1962181

