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Abstract

Alstonia scholaris (L.) R. Br. (Apocynaceae) is an evergreen tree that has been used to treat lung diseases. In this study, the
toxicity profile of indole alkaloids from leaves of A. scholaris was investigated. In acute toxicity tests, mice were adminis-
tered total alkaloids (TA) and five indole alkaloids. In a chronic toxicity test, rats were continuously administered TA (50,
100, and 300 mg/kg bw) for 13 weeks, followed by a 4-week recovery. A single administration of TA affected the behavior
of mice, and at 12.8 g/kg bw, prone position, shortness of breath, wheezing, and convulsion were observed. The half-lethal
dose (LDs) in mice was 5.48 g/kg bw, almost 2740 times the clinical dose in humans. Among the five indole alkaloids, the
maximum tolerance dose in mice ranged from 0.75 to 4 g/kg bw. The TA-treated rats did not die and showed no adverse
effects or dose-dependent changes in weight or food and water consumption, despite fluctuations in hematological and bio-
chemical parameters compared with historical data. Furthermore, both gross and histopathological observations revealed no
abnormalities in any organ. With daily oral administration to rats, the non-observed-adverse-effect-level of TA was 100 mg/
kg bw. The results indicate that TA is safe for clinical use.
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Abbreviations

TA Total alkaloids extract

Sch Scholaricine

Epi 19-Epischolaricine

Val Vallesamine

Pic Picrinine

Ech Echitamine

H&E Hematoxylin—Eosin

WBC  White blood cell count

NE Neutrophils

LY Lymphocytes

MO Monocytes

RBC Red blood cell count

Hb Hemoglobin

RDW  Red blood cell distribution width
MCV  Mean corpuscular volume
MCH  Mean corpuscular hemoglobin
MCHC Mean corpuscular hemoglobin concentration
PLT Platelets

PT Prothrombin time

RET Reticulocytes

ALT Alanine aminotransferase
AST Aspartate aminotransferase
TP Total protein
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ALB Albumin

TBIL Total bilirubin

ALP Alkaline phosphatase
BUN Blood urea nitrogen
CRE Creatinine

GLU Glucose

TG Triglycerides

TC Total cholesterol

CK Creatine kinase

K+ Potassium ions

Na* Sodium ions

ClI~ Chloride ions

iCa Tonized calcium

TCa Total calcium

PH Potential of hydrogen

1 Introduction

Traditional medicine has a long history of improving health
worldwide, and thus, these medicines are considered to be a
valuable resource for the discovery of new drugs. In recent
years, the number of researchers focusing on herbal remedies
has increased tremendously worldwide in order to verify or



Acute and Chronic Toxicity of Indole Alkaloids from Leaves of Alstonia scholaris (L.) R. Br.... 79

prove their efficacy after long histories of folk use. However,
some products isolated from these herbal medicines have
produced adverse effects. For example, aristolochic acid
[1], contained in plants of Aristolochia and Asarumcan, is
well known to cause kidney failure and cancer, particularly
of the urinary tract in humans. Such adverse effects have
aroused concern about the safety of herbal medicines [2].
Furthermore, many nonclinical studies report adverse effects
or toxicities of herbal medicines after long-term use [3, 4].
Therefore, the toxicity of medicinal herbs needs to be criti-
cally assessed in order for them to be used safely by patients
and clinicians.

Alstonia scholaris (L.) R. Br. is widely distributed in
deciduous and evergreen forests and even on the plains in the
tropical regions of Africa and Asia [5]. The leaves have long
been used in “dai” ethno-pharmacy to treat postinfectious
cough, chronic bronchitis, asthma, and other respiratory
tract infections in Yunnan Province, China [6]. The authors
of this paper have investigated intensively the phytochemi-
cal constituents of the different parts of the plant [7-26].
The chemical profile and metabolites of alkaloidal extract
of leaves of A. scholaris indicate that scholaricine, 19-epis-
cholaricine, vallesamine, and picrinine are the major indole
alkaloids [27, 28].

Moreover, the extract and alkaloids of A. scholaris leaves
have antitussive, anti-asthmatic, expectorant [29], analge-
sic, anti-inflammatory [30], anti-airway inflammation [31],
and anti-allergic effects [32] and provide protection against
postinfectious cough in vivo [33]. The alkaloids also trigger
the activation of f, adrenergic receptors [34] and inhibit
nuclear factor-xB bioactivities in vitro [35]. Although the
authors have reported on the pharmacological effects of A.
scholaris leaves, their in vivo safety remains undetermined.
Therefore, the primary purpose of this paper was to inves-
tigate the acute and chronic toxicity of the indole alkaloids
of A. scholaris in mice and rats to help develop parameters
for rational drug use.

Echitamine, a monoterpene indole alkaloid, is isolated
from the stem bark of A. scholaris. Baliga et al. reported
that the hydro-alcoholic extract of the bark of A. scholaris

caused mortality and deformity in various organs at the dose
of 240 mg/kg bw (30 days) when distributed in India, which
were assumed to result from the contribution of echitamine
toxicity [36]. Thus, the acute toxicity test of echitamine was
also investigated in the study which suggested its safety in
acute toxicity evaluation.

2 Results
2.1 Acute Toxicity

In mice in the 12.8 g/kg bw dose group, the TA produced the
side effects of convulsions and death within 7-30 min after
oral administration. In the 9.0 g/kg bw group, the symp-
toms occurred within 5-15 min and included prone position,
shortness of breath, wheezing, convulsions, and death. In the
other groups, the toxic effects were the same but occurred
over 1-3 h, and a dose—response relationship was observed
(Table 1). The dead mice were immediately dissected, and
general observation revealed no changes in the size, color,
and texture of organs. The collective findings were used to
calculate an LDs, of 5.48 g/kg bw in mice, which is 2740
times the recommended clinical dose.

In the Pic group at the dose of 2.0 g/kg bw, the activity of
all mice decreased at 1 h after administration. Some animals
had shortness of breath and an unstable gait. Two mice had
convulsions and limb vasodilation at 3 h after administration
but recovered 30 min later. These observations indicated that
the maximal tolerated dose (MTD) did not exceed 2.0 g/kg
bw in both sexes.

In the Val group at the dose of 4.0 g/kg bw, toxic effects
were not observed during the treatment and observation
periods. Thus, the MTD exceed 4.0 g/kg bw in both sexes.

In the Sch group at the dose of 0.75 g/kg bw, the activity
of all mice was reduced after administration. Moreover, five
mice displayed symptoms of poisoning, such as shortness
of breath, unsteady gait, tremors, convulsions, and death.
Therefore the MTD was less than 0.75 g/kg bw in both sexes.

Table 1 Acute toxic symptoms

- Group Dose (g/kg bw) Prone Tachypnea Whoop Convulsion Death
of mice after the oral
administration of TA Control _ 0 0 0 0 0
TA 12.8 0 0 0 10 10
9.0 3 1 0 6 10
6.3 7 1 4 3 3
44 2 0 1 4 5
3.1 4 0 1 1 1
22 0 0 0 0 0
LDs, 5.48 g/kg bw

TA total indole alkaloids extract, n the number of cases of toxic symptoms, LD, half-lethal dose
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In the Epi and Ech groups at the dose of 2.0 g/kg bw,
no mortality or changes occurred in mice during the treat-
ment and observation periods. Although reduced activity
was observed following administration, the mice recovered
4 h later. Therefore, the MTD was 2.0 g/kg bw in both sexes.

2.2 General Observations Associated with Chronic
Oral Toxicity

The rats in each group moved freely, had shiny fur, and no
deaths occurred during the study. At the 10th week of admin-
istration, sporadic alopecia was observed in one female rat
in the 50 mg/kg bw group, but new hair grew gradually after
ceasing the TA treatment. However, no substantial difference
was detected between control and TA groups. Therefore, the
alopecia in the female rat was presumed to be unrelated to
the treatment with TA. No other abnormal clinical manifes-
tations were observed.

2.3 Food Intake, Water Consumption, and Body
Weights

The food intake of female rats in all groups was not signifi-
cantly affected during the administration and recovery peri-
ods (p>0.05, Table S1). However, the food intake of male
rats increased in the 50 and 100 mg/kg bw groups compared
with that in the control and 300 mg/kg bw groups at the 3rd
week of administration (p <0.05, Table S1). At week 8, food
intake was lower in the 50 mg/kg bw group than that in the
other three groups (p < 0.05, Table S1). Overall, the changes
in food intake did not show a dose-response relationship,
and food intake only fluctuated slightly within the range of
historical data collected in the author’s laboratory. Thus, the
changes in food intake were not physiologically important
and were not considered relevant to the administration of
TA.

The water intake of female rats in the 50 mg/kg bw
group at weeks 1 and 3 was lower than that in the 100 and
300 mg/kg bw groups (p <0.05/0.01, Table S2). At week
5, the intake decreased in the 50 and 300 mg/kg bw groups
compared with that in the control and 100 mg/kg bw groups
(p<0.05/0.01). At week 6, water intake was lower in the
50 mg/kg bw group than that in the other three groups
(p<0.05). At week 7, the intake in the 50 mg/kg bw group
decreased significantly compared with that in the control
and 100 mg/kg bw groups (p <0.05), and in the 300 mg/kg
bw group, it was lower than that in the 50 mg/kg bw group
(p<0.05). At week 8, a marked decrease was observed in
the 50 and 300 mg/kg bw groups compared with the control
and 100 mg/kg bw groups (p <0.05). Similarly, at week 3
in male rats, the intake also decreased in the 50 mg/kg bw
group compared with that in the 100 and 300 mg/kg bw
groups (p<0.05/0.01, Table S3). At week 11, water intake
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decreased significantly in the 50 and 100 mg/kg bw groups
compared with that in the control (p <0.01). Furthermore,
the water intake in the 50 mg/kg bw group was lower than
that in the 300 mg/kg bw group (p <0.05). Thus, water
intake did not show a dose-response relationship. Overall,
the water intake only fluctuated slightly from normal refer-
ence values, and therefore, any changes were assumed to
have no biological significance and were not considered as
TA-related.

Female body weight was affected in the 300 mg/kg
bw group, and the rats were not as large as those in the
other three groups at week 6.5 (p<0.01, Table S3). The
body weights of males in the 50 and 300 mg/kg bw groups
increased more slowly than those of the control group at
weeks of 12, 12.5, and 13, and therefore, the changes in
weight were not related to the dose (p <0.05/0.01, Table S4).
Overall, the changes in body weight fluctuated within the
normal range of the data accumulated in the author’s labo-
ratory, suggesting the changes were not related to TA treat-
ment and had no clinical significance.

2.4 Alterations in Hematological Parameters

The PT value of female rats in the 50 mg/kg bw group
(12.98 +£0.27) decreased compared with that in the other
three groups in the 7 week treatment period (p <0.05; con-
trol, 13.46+0.48; 100 mg/kg bw, 14.62 +1.30; 300 mg/kg
bw, 14.40+0.92; Table S5). The WBCs increased signifi-
cantly in males in the 300 mg/kg bw group (9.43 +1.56)
compared with those in the other three groups (p <0.05/0.01;
control, 6.59 +1.30; 50 mg/kg bw, 6.76 +0.74; 100 mg/
kg bw, 7.41 +£1.56; Table S5). In addition, the WBC
count (7.15+1.14) in females in the 300 mg/kg bw group
increased markedly compared with those of the con-
trol (WBC count, 5.24 +1.25) and 50 mg/kg bw groups
(WBC count, 5.49 +1.04) after the administration of TA
for 13 weeks (p <0.01, Table S6). By contrast, the value
of RDW decreased (p <0.05; 17.18 £ 1.50 vs. 18.33 +0.76
and 18.32+0.92) in the 300 mg/kg bw group. The WBC
count in males in the 100 mg/kg bw group (6.56 +2.27)
was lower than that in the control (9.13 £2.72) and 50 mg/
kg bw (7.48 +1.01) groups (p<0.05). In the recovery
period (Table S7), the RBC count and Hb level of female
rats in the 300 mg/kg bw group increased significantly com-
pared with those in the other three groups (p <0.05; RBC
count, 6.78 +£0.50 vs. 6.17+0.30, 6.12+0.34, 6.17+0.29;
Hb, 134.80+3.03 vs. 124.80+3.63, 127.20 + 3.35,
125.20 £ 4.15). The percentage of monocytes (MO%)
in male rats in the 50 mg/kg bw group (5.89% +0.23%)
increased significantly compared with that in the con-
trol (4.79% +0.44%) and 100 mg/kg bw (4.80% +0.76%)
groups (p <0.01). However, all of the above changes fluctu-
ated within the reference range of the values determined in
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the author’s laboratory, suggesting that the changes had no
biological significance.

2.5 Biochemical Indices

The results of the biochemical analyses from the 7-week
treatment period are presented in Table S8. BUN
(4.06+0.51), GLU (7.54+0.67), and TBIL (4.34+0.22)
values in females in the 300 mg/kg bw group decreased
(BUN) and increased (GLU and TBIL) compared with
those in the control group (p<0.01; BUN, 5.02+0.33;
GLU, 6.26 +0.36; TBIL, 2.58 + 1.27). Among these param-
eters in the 300 mg/kg bw group, the value of BUN was
also lower than that in the 50 mg/kg bw group (p <0.05;
4.90+0.42) and that of GLU was also higher than that in the
50 mg/kg bw (6.42+0.51) and 100 mg/kg bw (6.56 +0.40,
p<0.01) groups. Similarly, the values of TBIL (3.98 +0.84)
and CI™ (109.08 + 1.25) in female rats in the 100 mg/kg bw
group increased compared with those in the control group
(p<0.05; TBIL, 2.58+1.27; CI7, 107.44+0.72). Fur-
thermore, the value of C1~ was also higher than that in the
300 mg/kg bw group (p<0.05; 107.20+1.00). However,
the TC content in male rats in the 100 mg/kg bw group was
lower than that in the control and 300 mg/kg bw groups
(p<0.01/0.05; 1.13+0.14 vs. 1.57+0.36 and 1.44 +0.18).

The results of the biochemical analyses from the 13-week
treatment period are presented in Table S9. The con-
tents of ALP, GLU, and CI™ in females from the 300 mg/
kg bw group increased significantly compared with those
in the other three groups (p<0.01; ALP, 75.20 +14.97
vs. 56.90+12.62, 61.30+7.12, and 61.30+7.90; GLU,
8.11+1.18 vs. 6.40+0.64, 6.55+0.51, and 6.74 +0.68;
CI7, 100.24+0.93 vs. 102.59+1.76, 102.06 +2.17, and
102.14 +2.20). By contrast, the content of AST decreased
dramatically in the 300 mg/kg bw group compared with
that in the control and 50 mg/kg bw groups (63.30+9.63
vs. 76.70 +£12.55 and 79.50+ 11.85). The content in the
100 mg/kg bw group (69.50 + 8.15) also decreased compared
with that in the 50 mg/kg bw group (p <0.05). The changes
in these parameters in males were different from those in
females, and the value of TG in the three TA treatment
groups increased significantly compared with that in the
control (p <0.05; 0.99+0.31, 1.04 +0.37, and 1.01 £0.26
vs. 0.69 +0.27). In addition, the ALT content in the 300 mg/
kg bw group was lower than that in the control and 100 mg/
kg bw groups (p <0.05/0.01; 29.30+7.24 vs. 36.70+5.70
and 37.70+4.22).

The results of the biochemical analyses from after the
recovery period are shown in Table S10. The content of AST
in the 100 (59.20+7.01) and 300-mg/kg bw (61.00+5.79)
groups decreased significantly compared with that in the
control group (p<0.01; 79.40+12.34) in female rats.
In addition, the AST content in the 100 mg/kg bw group

was lower than that in the 50 mg/kg bw group (p <0.05,
71.80+10.35). In male rats, the contents of ALP and BUN
in the 300 mg/kg bw group were lower than those in the
control and 50 mg/kg bw groups (ALP, 77.60 +£9.21 vs.
102.00+11.73 and 105.00+22.59; BUN, 3.24 +0.17 vs.
4.16 £0.28 and 3.68 +0.26). In addition, the BUN value in
the 300 mg/kg bw group was also lower than that in the
100 mg/kg bw group (p<0.01, 3.98 +0.41). The BUN value
in the 50 mg/kg bw group (3.68 +0.26) was also lower than
that in the control group (p <0.05, 4.16 +0.28).

Overall, although these indicators were abnormal, they
all fluctuated within the range of values accumulated by the
author’s laboratory, and no significant dose-response or
time—response relationship was detected. Therefore, these
changes were not considered as related to the administra-
tion of TA.

2.6 Organ Coefficients

The organ-to-weight ratios of rats are presented in Table S11.
In both females and males in the 300 mg/kg bw group, the
liver coefficients increased compared with those in the other
three groups in the 7-week treatment period (p <0.05/0.01;
female, 3.37+0.24 vs. 2.69+0.19, 2.78+0.17, and
2.76 +0.18; male, 3.31 +0.10 vs. 2.91+0.18, 2.79 +0.05,
and 3.05+0.22). The kidney coefficient also increased in
females in the 300 mg/kg bw group compared with that in
the other groups (0.70+0.01 vs. 0.63 +0.04, 0.64 +0.04,
and 0.62+0.03).

After 13 weeks of treatment (Table S12), the liver index
in females increased significantly (p <0.05) in the 300 mg/
kg bw group compared with that in the other three groups
(3.52+0.26 vs. 2.66+0.11, 2.59 +0.15, and 2.72 +0.20);
the kidney index also increased significantly in the 300 mg/
kg bw group (p<0.01; 0.62+0.06, 0.60+0.04, 0.60 +0.04,
0.69 +0.05). Similarly, the liver coefficients in males in the
three TA treatment groups increased significantly compared
with that in the control (p <0.01; 2.56 +0.10 vs. 2.73+0.14,
2.85+0.10, and 3.31 £0.12; Table S12). The brain coef-
ficients increased significantly in male rats in the 300 mg/
kg bw group (p<0.05/0.01; 0.48 +0.03 vs. 0.44 +0.04,
0.45+0.04, and 0.45+0.02). By contrast, the testis coef-
ficients of the 50 and 100 mg/kg bw groups decreased com-
pared with that in the 300 mg/kg bw group (p <0.05/0.01;
0.63 +£0.04 and 0.60+0.04 vs. 0.67 +0.06). After the recov-
ery period, no significant (p>0.05) changes were detected
in any organ coefficients (Table S13).

2.7 Histopathological Changes
Gross necropsy revealed no adverse effects in any organ

after the 13-week treatment of TA. Histopathological
examinations of the main tissues from rats in the control

@ Springer



82

Y.-L.Zhao et al.

and 300 mg/kg bw groups revealed some lesions, primar-
ily in the liver, lung, and prostate, and their incidence
was similar between the two groups (p > 0.05, Table 2,
Figs. S1-S3). The histopathological changes in the livers
included scattered spotty necrosis or small focal inflam-
mation of partial hepatocytes and steatosis. Most of the
lungs had widened alveolar walls and lymphocyte infiltra-
tion of the pulmonary interstitial, and prostatitis occurred
in some animals. The prostatic interstitium was widened,
and a small amount of inflammatory cell infiltration was
composed primarily of lymphocytes and monocytes. How-
ever, no significant histological lesions were observed in
the kidney, spleen, stomach, small intestine, colon, brain,
adrenal gland, testis, ovary, or uterus.

Table 2 The abnormal histopathological findings

3 Discussion

The use of natural drugs is increasingly popular in health-
care and other areas worldwide. However, their safety
remains a major public health problem. Because these agents
are generally perceived as being harmless to the body, they
are used in self-therapy without supervision. Although the
bioactive compounds in medicinal plants exert a variety of
beneficial biological effects in humans, knowledge of their
potential toxicities is limited. The leaves of A. scholaris have
a long history of treating whooping cough in the Dai people
in Yunnan Province. Previously, the author’s group demon-
strated the efficacy of the total indole alkaloid extract of A.
scholaris leaves in respiratory management. Although the
safety of the extract of stem bark of A. scholaris has been

Time Organ Pathologic changes Grading Control 300 mg/kg bw
Female Male Female Male
7 week Liver Scattered spotty necrosis or small focal inflammation + 4 1 5 2
+ 0 1 0 0
Hepatocyte steatosis + 1 1 1 3
+ 1 0 0 0
Lung Local interstitial pneumonia + 5 5 4 4
Small granulomatous pneumonia + 0 0 1 1
Prostate Interstitial lymphocyte infiltration + 1 0 -
+ 3 - 4 -
++ 1 - 1
13 week Liver Scattered spotty necrosis or small focal inflammation + 4 4 1 2
+ 3 1 3 3
Hepatocyte focal necrosis + 1 1 0 0
Hepatocyte steatosis + 5 2 4 0
+ 1 1 4 3
Lung Local interstitial pneumonia + 0 0 0 1
+ 10 10 10 9
Prostate Interstitial lymphocyte infiltration + 6 - 5 -
Recovery period Liver Scattered spotty necrosis or small focal inflammation + 0 2 3 1
+ 1 2 1 1
Hepatocyte steatosis + 1 2 2 0
+ 2 0 0 0
Lung Local interstitial pneumonia + 5 5 4 4
Prostate Interstitial lymphocyte infiltration + 3 - 3 -

The specific number represented the number of abnormal animals. The total number of animals of each group was 10, 20 and 10 after the TA
administration for 7, 13 weeks and 4-week recovery period (half male and half female), respectively. Results showed there was no statistically
significant difference between the control group and the 300 mg/kg bw (p>0.05). Animals in the 50 mg/kg bw and 300 mg/kg bw groups were

not evaluated histopathologically

+ The degree of lesion was slight

+ The degree of lesion was mild

++ The degree of lesion was moderate

— The item was lacking
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evaluated [36], the potential toxic effects of the indole alka-
loids of leaves remain unknown. Accordingly, in the present
study, the acute and chronic oral toxicity of the indole alka-
loids in the leaves of A. scholaris was evaluated in rodents.

An acute toxicity test is used to evaluate any adverse
effects appearing within a short time after a single large dose
of the test substance or after multiple doses given within
24 h. In this study, oral exposure to the TA extract at a dose
from 2.2 to 12.8 g/kg bw triggered important toxic responses
in mice, including prone position, tachypnea, whoop, and
convulsions, in a dose-response relationship. These toxic
symptoms might be related to toxicity to the neuromuscu-
lar, central nervous system and autonomic nervous system.
The LDs, value for the mice was 5.48 g/kg bw, which is
approximately 2740 times higher than the recommended
clinical dosage for patients (2 mg/kg/d). And the MTD was
2.2 g/kg bw, correspondingly, the doses converted into four
main compounds were 220 mg/kg bw (Pic), 132 mg/kg bw
(Sch), 132 mg/kg bw (Val) and 22 mg/kg bw (Epi), respec-
tively. Of the four compounds tested, both Pic (2.0 g/kg bw)
and Sch (0.75 g/kg bw) caused the same toxic responses
of shortness of breath, unsteady gait, tremors, convulsions,
and death. However, a toxic response was not observed in
the Val and Epi groups. Under the conditions of this experi-
ment, the MTDs were 2.0 g/kg bw (Pic), less than 0.75 g/
kg bw (Sch), more than 4.0 g/kg bw (Val) and 2.0 g/kg bw
(Epi). In the analysis of gross anatomy, no abnormalities
were observed in any of the internal organs, including the
liver and kidney, when compared with the control group.
The conclusion was that the MTDs of four compounds in
TA was smaller after comparing the tested result with that
calculated. We speculated that there were other trace com-
ponents and non-alkaloid constituents which affect the safe
dose of total alkaloid extract in addition to the four major
components. Next, the absorption of TA in vivo could be
affected by gastrointestinal enzymes of animals, acid dis-
sociation constant, partition coefficient (log p), absorption
site (stomach-duodenum), chemical and physiological poly-
morphisms, cytochromes, etc.

Echitamine, a monoterpene indole alkaloid, did not cause
a toxic reaction in the mice in this study and was well tol-
erated at the dose of 2 g/kg bw without any acute toxicity.
Furthermore, echitamine has not been detected in the leaves
of A. scholaris collected in Yunnan Province, although it
was isolated from the bark in a previous investigation [37].
Thus, the good tolerance and the absence of echitamine in all
tested leaves of A. scholaris suggested that no need to limit
its quantity in a botanic drug from TA.

A chronic toxicity study is typically conducted from 1
to 3 months, because some substances that do not cause
immediate toxicity may cause toxic effects after repeated
exposure. According to the testing guidelines for the safety
evaluation of drugs (Notification [Z] GPT3-1) issued by the

China Food and Drug Administration on March 2005, the
period for testing drug administration in animals should be
based on the expected period of clinical use of that substance
in humans. The repeated oral administration of a test sub-
stance for 1-3 months in animals is thought to be compara-
ble to the administration for less than 1 month in humans.
The objective of chronic toxicity studies is to determine the
possible clinical adverse reactions caused by the substance,
including the nature and degree of harm, the dose—response
and time—response relationships, the effects on target organs
or tissues, and the reversibility, and then predict the starting
dose in clinical trials and the safe dose range for repeated
drug use. The doses of 50, 100, and 300 mg/kg bw TA
used in this study were equivalent to 25, 50, and 150 times,
respectively, the usual dose in humans.

In this study, both male and female rats treated with doses
of 50, 100, and 300 mg/kg bw TA once daily showed no
signs of clinical toxicity or mortality. Changes in food and
water ingestion are generally used as indicators of the harm-
ful effects of drugs and chemicals [38]. In the experiments in
this study, the two parameters were not significantly affected
in weekly measurements, except for slight fluctuations in the
TA treatment groups relative to the control group that were
within the normal ranges of values. In addition, the alopecia
of one female rat in the 50 mg/kg bw group was considered
incidental given the frequencies across groups. Thus, the
findings of this study suggested that different doses of TA
from 50 to 300 mg/kg bw intragastrically administered to
rats for 13 weeks had no significant effects on general behav-
ior, mental state, or food intake.

The liver and kidneys are frequent targets of drug action,
because the liver is the primary organ for drug biotransfor-
mation, and the kidneys are the primary organs for drug
excretion. Organ weight is one of the main parameters used
to evaluate the effects of test substances in toxicity studies
[39]. In the present investigation, the liver and kidney organ
coefficients in the 300 mg/kg bw group increased signifi-
cantly in the 7th and 13th weeks compared with those in the
control group. Meantime, we found the body weight showed
a decreasing trend at the corresponding time. It thus was
speculated the decrease of the two coefficients was induced
by the decrease of body weight. However, weight loss was
due to shrinkage of absorption of nutrients by the intestinal,
but the slight fluctuations of food/water consumption in the
TA-treated groups were within the normal ranges of values.
In addition, no significant differences were observed in the
serum levels of ALT, AST, CRE and BUN. Some test sub-
stances may harm tissues at the cellular level but not cause
any observable abnormalities in an organ. For this reason,
histopathological examination of livers and kidneys was
conducted to identify any cellular damage in the internal
organs or tissues. Fortunately, no significant histopathologi-
cal changes in liver tissues in the 300 mg/kg bw group were
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observed relative to the control group. Moreover, the bio-
chemical indicators of liver and kidney function were normal
after the withdrawal of TA for 4 weeks. The above results all
indicated that the increase in liver and kidney coefficients
during the administration period was not toxicologically
significant. In addition, Treatment-related changes of Glu,
an indicator of pancreatic function [40], was not observed,
signifying that the TA did not damage pancreas function.

The hematopoietic system, which is highly sensitive to
toxic substances, can be altered when poisonous plants are
ingested [41]. And changes in hematological parameters
can reflect adverse effects on bone marrow function, such
as anemia and hemolysis [42]. White blood cell counts are
commonly determined to assess immune function [40]. In
this study, white blood cell and red blood cell counts of the
TA-treated groups were comparable to those of the control
group. In addition, no significant differences in weight of the
thymus were observed, an important lymphoid organ associ-
ated with the immune system [43]. The exception was the
higher WBC counts in the 300 mg/kg bw male and female
rats than those in the controls at the 7th and 13th weeks.
The values of the other hematological parameters examined
(Hb, RDW, MCV, MCH, PLT, PT, and RET) were within the
ranges of normal reference values [39]. Thus, the collective
findings of the study indicated no adverse effects of TA on
the hematology and immune system of rats.

Histopathological examination is a fundamental step in
preclinical toxicology research that is used to further vali-
date whether tissues or internal organs are damaged [42].
According to the Organization for Economic Co-operation
and Development guidelines, microscopic examination of
organs is not required in the 50 mg/kg bw group in cases
in which no histopathological alterations are observed in
the 300 mg/kg bw group [44]. In this study, no apparent
histopathological changes were observed in the main organs
and tissues (heart, kidney, spleen, stomach, small intestine,
colon, brain, adrenal gland, testis, ovary, uterus) of rats
treated with 300 mg/kg bw TA. The exceptions, which were
observed in both the control and 300 mg/kg bw groups, were
small focal inflammations in livers, local interstitial pneu-
monia in lungs, and interstitial lymphocyte infiltration in
prostates. According to previous reports [45], these types of
lesions are commonly associated with Sprague—Dawley rats
of the age used in this study and are considered to be related
to spontaneous or iatrogenic causes. The lesions were similar
in severity in all groups and were graded as either minimal
or mild and were therefore not considered as TA-related.
Thus, the test substance showed no accumulative toxicity
when administered at doses of 50, 100, and 300 mg/kg bw
TA for consecutive 13 weeks and after a 4-week recovery
period following withdrawal of the TA treatment. All these
results indicated that the TA and the five main compounds
were safe for human use.

@ Springer

4 Conclusions

In summary, at the tested oral doses ranging from 2.2 to
12.8 g/kg bw, TA produced some signs of acute toxic-
ity in mice in a dose-dependent manner, which might be
related to toxicity to the neuromuscular, central nervous
system and autonomic nervous system. The half-lethal dose
(LDs;) (administered via gavage) in mice of 5.48 g/kg bw
was approximately 2740 times the recommended dose for
patients. In addition, acute toxicity testing demonstrated that
picrinine, vallesamine, sholaricine, 19-epischolaricine, and
echitamine were safe for mice when used alone. Moreover,
no lethality, significant alterations in hematological and
serum biochemical indices, or adverse histopathological
effects were evident in the chronic toxicity study (13 weeks)
with rats using doses 25, 50, and 150 times the clinical dose.
On the basis of this result, the TA should be considered
safe for use in clinics and deserve further development as a
pharmaceutical product.

5 Methods
5.1 Plant Material

Leaves of A. scholaris were purchased from Datang—Han-
fang Medicine Co., Ltd. (Pu’er, China). The plants were
collected in 2006 in Pu’er City, Yunnan Province, People’s
Republic of China. Dr. Xiao—-Dong Luo of the Kunming
Institute of Botany, Chinese Academy of Sciences, iden-
tified the plants, and the plant name was checked against
https://www.theplantlist.org. A voucher specimen (no.
Lu020060407) was deposited in the State Key Laboratory of
Phytochemistry and Plant Resources in West China, Chinese
Academy of Sciences.

5.2 Preparation of Alkaloids

Dried and powdered leaves of A. scholaris were extracted
with 90% ethyl alcohol under reflux conditions (3 hx4
times) at room temperature, and the solvent was evaporated
in vacuo to obtain the ethanolic extract. The ethanolic extract
was dissolved in 0.3% aqueous HCI solution and filtered; the
residue was the nonalkaloid fraction. Then, the acidic solu-
tion, adjusted to pH 9-10 with 10% aqueous ammonia, was
extracted with ethyl acetate to obtain the total alkaloids (TA)
fraction (batch no. 20070512). In addition, the picrinine,
vallesamine, sholaricine, 19-epischolaricine, and echitamine
used in this study were isolated from the leaves or barks of
A. scholaris (Fig. 1a) in a previous phytochemical investiga-
tion and kept in a refrigerator. The established HPLC/UV


https://www.theplantlist.org

Acute and Chronic Toxicity of Indole Alkaloids from Leaves of Alstonia scholaris (L.) R. Br....

85

scholaricine (Sch)

19-epi-scholaricine (Epi)

H 2
MeO,C

vallesamine (Val)

echitamine (Ech)

picrinine (Pic)

B Spectrum Index Plot
19-epischolaricine - 7.484 scholaricine - 7.965 vellesamine - 12.810 Picrinine - 21.874
220.00 nm 220.00 nm 22000 nm 220.00 nm
asg00 | 380,00 32000 | 380.00
R03.9 7.45R01.6 7.97R16.8 12.82[201.6 21.87
. I !
ol |
‘Te}% 3 337.8 | |
[ VY 2 232.1
2333 3330 /N |
P\ 289/ \
’ ad S \ 2842/ v \ 2842
+4 \V Wl | 254
N AN \ | .
bl 281.8 v \-34“ 5_3_?;_'.:."
\ VA
AN
\
0.030 @
En 5
] ] & S
0.020- 55 i
] | 2
] =
b | S
2 0.010] | | T
] | aifl I8 [
\ o) | 7 A I
0.000——— |*~ A A NN R -
' i : :
| i ! !
] H ' '
-0.010+ ‘ H ! '
5.00 10.00 15.00 20.00 25.00 30.00 15.00 40.00
Minutes

Fig.1 HPLC/UV chromatograms of total alkaloids (285 nm). A. Four major alkaloids from leaf and echitamine from bark of A. scholaris. B.

HPLC/UV chromatograms of total alkaloids

method was used to determine the four major alkaloids of
the TA (See Supporting information, S1.1-1.2). The typi-
cal HPLC/UV chromatograms of TA are shown in Fig. 1b
and the chromatography profile includes four high-peaks at
retention time of 7.464 (19-epischolaricine), 7.965 (scho-
laricine) 12.810 (vallesamine) and 21.874 min (picrinine).

5.3 Experimental Animals

The experiment was reviewed and approved by the Insti-
tutional Animal Care and Use Committee of the Yunnan
Institute of Materia Medica. The tests were performed at
the Yunnan Institute of Materia Medica in compliance with
Good Laboratory Practice regulations established by the
China Food and Drug Administration. All activities related
to animal care and handling were performed according to the
Guide for the Care and Use of Laboratory Animals and the

policies of Association for Assessment and Accreditation of
Laboratory Animal Care International.

Specific pathogen-free Sprague—Dawley (SD) rats
(60-110 g) and Institute of Cancer Researcch (ICR) mice
(18-20 g) were purchased from Kunming Medical Univer-
sity, Kunming City, Yunnan Province, People’s Republic of
China (license no. SCXK (Dian) 2005-0008). Animals were
housed in a room at 24 + 1 °C and 50-60% relative humid-
ity under a 12 h light—dark cycle and maintained with lights
on at 9:00 and off at 21:00. The animals were acclimatized
to the laboratory environment for 7 days and allowed free
access to water and a standard diet before the initiation of
treatment. All animals were fasted but provided water for
10-12 h before the start of the experiment. Animals were
euthanized using pentobarbital sodium (50 and 40 mg/kg bw
via intraperitoneal injection for mice and rats, respectively)
followed terminal heart stick and cervical dislocation or
induction of bilateral pneumothoraces as secondary means
of assuring euthanasia. There are no deviations from the
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standards and regulations promulgated under the Animal
Welfare Act.

5.4 Acute Toxicity

Acute toxicity was evaluated in mice according to the testing
guidelines for the safety evaluation of drugs (Notification [Z]
GPT2-1) issued by the China Food and Drug Administra-
tion in March 2005. In the experiment, the dose of all test
substances were set according to the pretest results (Data not
shown). Fasted mice were randomly divided into different
groups of 10 each (half male and half female). The groups
were the following.

Total indole alkaloids (TA): The mice were divided into
seven groups and treated with TA orally at doses of 0, 2.2,
3.1,4.4,6.3,9.0, and 12.8 g/kg bw. The treated groups were
administered TA at the volume of 30 mL/kg, whereas the
control group (0 g/kg bw) received an equal volume of 1%
carboxymethylcellulose.

Alkaloid compounds: Five groups were intragastrically
administered picrinine (Pic) at 2.0 g/kg bw, vallesamine
(Val) at 4.0 g/kg bw, scholaricine (Sch) at 0.75 g/kg bw,
19-epischolaricine (Epi) at 2.0 g/kg bw, or echitamine (Ech)
at 2.0 g/kg bw. The treated groups were administered the dif-
ferent compounds from A. scholaris at the volume of 20 mL/
kg, whereas the control group received an equal volume of
1% carboxymethylcellulose.

The symptoms of toxicity and mortality were recorded
systematically at 1, 2, 4, and 6 h after administration of the
test substances. The number of live mice was noted after
24 h, and once-daily observations were performed for a fur-
ther 14 days. The animals were intraperitoneally injected
with pentobarbital sodium and sacrificed by cervical disloca-
tion to gross observation.

5.5 Chronic Toxicity

A chronic toxicity test was performed on rats in order to
evaluate the target organs and the reversibility of A. schola-
ris adverse effects according to the testing guidelines for the
safety evaluation of drugs (Notification [Z] GPT3-1) issued
by the China Food and Drug Administration on March 2005.
Treatments were administered for 13 weeks, followed by
4 weeks of recovery. In this test, 160 rats were divided into
four groups of 40 rats (20 female and 20 male) that were
treated orally with O (control), 50, 100, or 300 mg/kg bw
TA in a volume of 10 mL/kg daily. Rats in the control group
were given an equal volume of 1% carboxymethylcellu-
lose. Daily observations were conducted for toxicological
signs, mortality, and physiological and behavioral changes.
Bodyweights were recorded on day one of the study and
twice weekly thereafter. Body alterations were recorded,
and the dose was adjusted in accordance with body weight
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to maintain the target dose level in all animals. Food con-
sumption and water intake were also measured each week.
Rats were anesthetized and blood samples were collected
from the common carotid artery with EDTA-2K, sodium
citrate (1:9), vacuum blood collection tubes. The hemato-
logical, coagulative, and biochemical indices were evalu-
ated (see methodology below) after TA treatment for 7 and
13 weeks and after the 4-week recovery period. Following
blood collection, gross observation of the major organs was
carefully performed, and the absolute and relative (organ to
body weight ratio) weights of organs and tissues, including
the brain, heart, liver, spleen, lung, kidney, adrenal gland,
thymus, testis, epididymis, uterus, and ovary, were meas-
ured. All organs were weighed directly after dissection to
avoid mechanical injury and stored in 10% neutral buffered
formalin.

5.6 Hematological Analyses

Blood samples were treated with EDTA-2K to perform
hematological assessments. A HEMAVET 950 (Drew Sci-
entific, NW, Miami Lakes, USA) automated hematology
analyzer was used to measure the white blood cell (WBC)
count, neutrophils (NE), lymphocytes (LY), monocytes
(MO), red blood cell (RBC) count, hemoglobin (Hb), red
blood cell distribution width (RDW), mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), reticulo-
cytes (RET), and platelets (PLT). Blood was treated with
sodium citrate before prothrombin time (PT) was measured.

5.7 Biochemical Analyses

Serum was obtained after centrifugation of blood at 3000
revolutions for 10 min and collected in 1.5 mL centrifuge
tubes. In the serum, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), total protein (TP), albumin
(ALB), total bilirubin (TBIL), alkaline phosphatase (ALP),
blood urea nitrogen (BUN), creatinine (CRE), glucose
(GLU), triglycerides (TG), total cholesterol (TC), sodium
ions (Na™), potassium ions (K*), chloride ions (CI7), ionized
calcium (iCa), total calcium (TCa), and potential of hydro-
gen (pH) value were measured using a Beckman AU680
automatic biochemistry analyzer (CA, USA).

5.8 Histopathological Examinations

The main organs (heart, liver, kidney, lung, spleen, stomach,
prostate) from the control and 300 mg/kg bw groups at 7
and 13 weeks and after the recovery period were douched
with running tap water for 4 h, dehydrated via a graded
ethanol series, dewaxed in xylene, embedded in paraffin,
cut into 5 uM sections using a microtome, and stained with
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hematoxylin and eosin (H&E). Moreover, both small intes-
tine and colon were observed by H&E staining at the end of
the week 7 treatment. The examination of additional organs
such as the small intestine, colon, brain, adrenal gland,
testis, ovary, and uterus was performed at the end of the
week 13 administration. Pathological sections of tissues
were examined under a Leica DM6000B light microscope
and photomicrographs (Buffalo grove, IL, USA) obtained.
When lesions were observed in the 300 mg/kg bw group, the
diseased organs were also examined in the 100 mg/kg.bw

group.

5.9 Statistical Analyses

Data are presented as the mean + standard deviation, and
statistical analyses were performed using SPSS 17.0 soft-
ware (Chicago, IL, USA). The variance in the data of all
parameters was checked for homogeneity by using Bartlett’s
procedure. When the data were homogeneous, one-way
ANOVA was used. In the cases of heterogeneous data, the
Kruskal-Wallis test was applied. When statistically signifi-
cant differences were indicated, the LSD and Dunnett’s T3
multiple tests were employed for comparisons between con-
trol and treated groups. A nonparametric test was selected
for the ranked data. Results were considered significant at
p<0.05.
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