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Objective: To access the toxicity of forsythin from Forsythia suspensa leaves and
evaluate its safety.

Methods: Acute toxicity was determined by oral administration of a single dose of
18 100 mg/kg forsythin in NIH mice. Sub-chronic toxicity was evaluated by oral
administration of several doses of forsythin for 30 days at does of 0, 540, 1 620, and
6 480 mg/kg in SD rats.

Results: In the acute toxicity study, mortality was not observed after 14 days. In addi-
tion, clinically relevant adverse effects, or variations in body weight or food consumption
were not observed. Similarly, after 30 days in the sub-chronic toxicity study, no mortality
or significant toxicological effects such as decreased food consumption, body weight,
biochemical parameters and vital organs etc. were noticed.

Conclusion: The results revealed that the forsythin from Forsythia suspensa leaves has
low or no toxicity via oral administration, and therefore is suitable for further develop-
ment and applications.

1. Introduction

Forsythin belongs to a class of natural glycosidic lignan
compounds, and was recorded in the China Pharmacopoeia [1],
as one of the medicinal compounds found in Forsythia
suspense (F. suspense) Liangiao in Chinese [2]. Forsythin is a
state first class new drugz in China [3].

Modern pharmacological studies have shown that forsythin
may perform a number of biological functions such as
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antioxidant [4], anti-inflammatory [5], anti-hyperlipidemia [6.7],
anti-virus [8] and antipyretic activities [91. F. suspense fruits, as
traditional Chinese medicine (TCM), have been often used to
treat infectious diseases such as gonorrhea, erysipelas
inflammation, pyrexia, ulcer, etc [10l. However, there are a
number of factors that limit the wide use of these fruits. For
instance, the period of fruit harvest, plant cultivation
techniques and climatic conditions during plant growth
(usually 7-9 months) are known to influence the properties of
F. suspense fruits [11]. An alternative to the use of F. suspense
fruits is the use of their leaves, which have been used in
recent years [12]. Tea infusions prepared from.

F. suspense leaves have been commonly consumed as me-
dicinal beverages in China for centuries due to their versatile
health benefits such as modulating blood lipids, anti-fatigue,
anti-senile and anti-influenza activities [13]. Studies have
shown that F. suspense leaves have forsythin, the same
components present in fruits, but in significantly higher
amounts [2.14]. Besides, compared to the traditional methods of
using F. suspense fruits, modern uses of F. suspense as a new
drug increase the medicinal resources thus promoting the
economic value of F. suspense.
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Although pharmacological studies have been performed us-
ing forsythin and F. suspense, which is used widely in China,
little is known about its toxicity. Therefore, it is necessary to
evaluate its safety using standardized experimental protocols
approved by the regulatory agencies. In this study, the safety of
orally administered forsythin was assayed by performing an
acute toxicity experiment in NIH mice and a sub-chronic toxicity
experiment in SD rats. The results of this study will be an
important reference to better understand the biosafety of for-
sythin for further development and applications.

2. Materials and methods
2.1. Test substance

Forsythin (batch No. 20141202) was provided by Dalian
Fusheng Pharmaceutical Co., Ltd. The purity of forsythin was
>90.2% determined by HPLC using an external standard.

2.2. Animals

NIH mice (18-22 g) and SD rats (150-200 g) were purchased
from Slack Hunan Laboratory Animal Co., Ltd. (Hunan, China;
license number SCXK (XIANG) 2011-0003). All animals were
certified pathogen-free, and were maintained in plastic cages at
20-26 °C, 40-70% relative humidity, 12 h light/dark cycles, and
an air change of 10-20 cycles/h. Animals were provided an
unlimited supply of food and water. All experiments were
approved by the Institutional Animal Care and Use Committee
(IACUC) of Guangzhou General Pharmaceutical Research
Institute Co., Ltd. Experiments also followed the regulations of
the American Association for Accreditation of Laboratory Ani-
mal Care (AAALAC) Guide for the Care and Use of Laboratory
Animals (Eighth Edition) [15].

2.3. Acute toxicity study in NIH mice

The acute oral toxicity of forsythin was evaluated in NIH
mice using the maximum-tolerated dose (MTD) method. Forty
mice were separated into two groups: normal control group and
forsythin group with 10 males and 10 females in each group.
Normal control group were orally administered with 0.5%
CMC-Na (40 mL/kg). The mice of forsythin group were orally
administered with forsythin at a single dose of 18 100 g/kg
after 3-day quarantine, acclimatization, and an overnight fast.
The mice were monitored 4 h after treatment and every 24 h for
14 days. At the end of the experiment, all animals were sacri-
ficed, and gross pathological changes in vital organs (liver,
kidneys, brain, heart, lung, spleen, thymus, ovaries, and testes)
were observed. Histopathological examinations were performed
when any gross pathological changes were detected in any organ
[16-19],

2.4. Sub-chronic toxicity study in SD rats

SD rats were randomly separated into 4 groups: normal
control group, low, medium and high dosage of forsythin
groups. There were 26 rats in each group (13 males and 13 fe-
males, 8 animals/group/sex were killed at the end of 30th day of
administration, five animals/group/sex were killed at the end of
recovery period). Normal rats were orally administered with

0.5% CMC-Na (15 mL/kg). Rats of three dosage of forsythin
groups were orally administered with 540, 1 620, and
6 480 mg/kg forsythin, once a day for consecutive 30 days.
Clinical examinations were observed daily. Body weights and
mean daily food consumption were recorded once in 2 days. In
the following days, these parameters were recorded only once a
week. After 30 days treatment and recovery period, all animals
were sedated using propofol injection (11 mg/kg body weight,
intravenous injection, Guangdong Jiabo Pharmaceutical Co.,
Ltd.) and then dissected out to obtain blood samples from the
abdominal aorta. The blood samples transferred into EDTA or
heparin sodium containing tubes for haematological and
biochemical analyses, and were centrifuged at 3 500 r/min for
15 min. For haematological analyses, the full blood cell count
were determined [i.e. erythrocyte count (RBC), hemoglobin
concentration (HGB), hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), white blood
cell count (WBC) and differential, platelet count (PLT), pro-
thrombin time (PT), fibrinogen (Fbg), and activated partial
thromboplastin time (APTT)], using an automated analyzer
(Sysmex, Japan). Serum biochemistry tests were performed such
as: aspartate aminotransferase (AST), serum alanine amino-
transferase (ALT), creatine kinase (CK), alkaline phosphatase
(ALP), urea nitrogen (UREA), total serum protein (TP), albumin
(ALB), blood glucose (GLU), total bilirubin (TBIL), creatinine
(Crea), triglycerides (TG), sodium (Na), potassium (K), and
chloride (Cl), using an automated analyzer (Hitachi, Japan).

In addition, the vital organs such as brain, heart, liver, spleen,
lungs, kidneys, adrenal glands, thymus, testis, epididymides,
prostates, ovaries, and uterus were collected, weighed and his-
topathologic examinationed individually. Finally, the organ-to-
final-body-weight ratios were calculated [20-23].

2.5. Statistical analysis

The statistical significance of the differences among the
treatments and control was verified using one-way analysis of
variance (ANOVA) and Kruskal-Wallis test. Significance level
was set at o = 0.05 (two sided) [24.25].

3. Results
3.1. Acute toxicity test

Mortality was not detected in animals despite those receiving
a high dose of forsythin (18 100 mg/kg). The forsythin
administered group was similar to the control in skin appear-
ance, breathing, postural properties, body weight, and food
consumption. Although some animals showed adverse symp-
toms such as reduced activity, eye closure and piloerection
within 1 h after forsythin administration, these were short-lived
and the animals recovered quickly. In addition, the vital organs
including the liver, kidney, brain, heart, lung, spleen and thymus
did not exhibit any significant pathological changes in the colors
and textures.

3.2. Sub-chronic toxicity test

During the study, two of male animals in the high dose
group, experienced transient loose stools on treatment days 3
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and 16. These animals recovered the next day and were isolated
cases.

3.2.1. Body weight changes and food consumption

Compared to the controls, the forsythin treated females
showed no differences in body weights. In contrast, the males
showed a different trend; their body weights were significantly
lower than the control on the 11th day and from week 2—4 post-
forsythin administration. However, the food consumption
showed a different trend with both females and males treated
with 6 480 mg/kg forsythin consuming significantly lesser in
week 5 (recovery phase) than the control. But the males
consumed significantly higher than the control in week 3 (data
not shown).

3.2.2. Hematology and serum biochemistry

Only one hematological parameter significantly
different between the control and forsythin treated rats; MCH
was higher in rats that received 1 620 mg/kg forsythin
(Table 1). However, the other hematological parameters

was

Table 1
Hematological values of rats treated orally with forsythin for 30 days.

Mean corpuscular  Control

hemoglobin (pg)

Dosage (mg/kg/day)
1 620 6 480

540

Female
185+ 03 18.6+0.7 19.1 +0.4" 18.6 +0.2
Male

192+1.0 194+02 18903 19.0+0.5

Values are means + SD deviation (16 rats in each group). Compared with
control group.
P <005, P < 0.0l
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analyzed did not show any significant change even 30 days
post-treatment (data not shown). On the other hand,
biochemical analysis of sera showed that urea was signifi-
cantly lower in females that received a high dose of forsythin
compared to the control (Table 2). The TBIL levels were
significantly higher in males that received higher doses of
forsythin. In both males and females, the levels of Na* and
CI” ions were significantly higher only in the high dose
groups whereas K* level was significantly higher in all three
groups treated with forsythin when compared to the control.
All other parameters analyzed remained the same between
the control and forsythin treated groups even 30 days post-
treatment (data not shown).

3.2.3. Organ/body weight ratios of the rats

As shown in Table 3, the relative organ weights (ROWSs) of
some groups treated with forsythin were significantly higher
than the control group. For example, ROWs were significantly
elevated in females that received higher doses of forsythin
(1 620 and 6 480 mg/kg), and in the males that were treated
with 1 620 mg/kg forsythin. No significant changes were
observed among the ROWSs of other organs even 30 days post-
treatment.

3.3. Histopathological analyses of vital organs
Histopathological examinations revealed mild adipose
degeneration only in the liver cells of one rat that received high
doses of forsythin (Figure 1). On the other hand, forsythin
treatment did not induce lesions and pathological changes in the

brain, heart, spleen, lungs, kidneys, uterus, testis and so on
(photograph not shown).

Table 2

Serum biochemistry of rats treated orally with forsythin for the 30 days (mg/kg/day).
Parameters Control 540 1 620 6 480

Female Male Female Male Female Male Female Male

Total bilirubin 2.00 + 0.20 1.70 £ 0.20 1.90 = 0.30 1.90 £ 0.20  2.00 = 0.30 1.80 £ 0.20  2.10 = 0.20 2.10 = 0.10™"
(umol/L)
Urea(mol/L)  5.50 + 0.68 6.31 £0.92 5.65 + 1.36 6.84 + 1.15 5.90 £ 0.95 626+ 1.16 437 059" - 7.34 = 141
Na* (mmol/L) 141.80 +2.30 141.9 + 0.8 142.00 £ 1.70 142.80 = 1.40 141.80 £ 220 142.10 + 1.40 149.80 = 1.80" 144.50 + 1.50""
K' (mmol/L) 4.42+038 437+0.15 459+053 472+0.15" 481£057 477=030" 504=058 478030
CI” (mmol/L) 106.40 +2.20 105.6 + 0.7 105.80 + 1.90 105.50 = 1.70 106.00 + 2.20 105.60 + 2.10 114.60 = 1.80" 108.80 + 1.00""

Values are means + SD deviation (16 rats in each group). Compared with control group, “P < 0.05, P < 0.01.

Table 3

Organ/body weight ratios of rats treated orally with forsythin for 30 days.
Organ Control 540 1 620 6 480

Female Male Female Male Female Male Female Male

Brain 0.806 + 0.094 0.476 + 0.023 0.819 = 0.067 0.423 + 0.044 0.787 +£ 0.031 0.446 = 0.047  0.757 £ 0.048  0.496 + 0.023
Heart 0.316 = 0.021 0.295 + 0.018 0.306 = 0.023 0.303 += 0.025 0.309 = 0.015 0.306 = 0.012  0.310 = 0.011 0.299 + 0.018
Liver 2735+ 0.153 2.664 + 0.131 2.824 + 0.141 2.746 = 0.095 2.906 + 0.136" 2.966 + 0.147"" 2.970 + 0.124™" 2.788 + 0.153
Spleen  0.188 + 0.026 0.180 + 0.025 0.186 = 0.021 0.176 + 0.015 0.196 + 0.023 0.184 + 0.017  0.188 £ 0.016  0.186 = 0.025
Lungs 0.467 + 0.065 0.322 + 0.040 0.442 + 0.027 0.332 + 0.027 0.433 + 0.052 0.343 £ 0.025 0.441 = 0.044  0.333 + 0.050
Kidneys 0.170 + 0.030 0.637 + 0.021 0.161 = 0.028 0.658 + 0.031 0.183 = 0.043 0.639 + 0.019  0.176 £ 0.035  0.647 = 0.024
Ovaries 0.035 + 0.006 0.807 = 0.067 0.034 + 0.005 0.863 = 0.060 0.031 + 0.006 0.856 + 0.071 0.032 £ 0.006  0.875 = 0.089
Uterus  0.206 + 0.048 0.476 = 0.023 0.214 = 0.049 0.423 + 0.044 0.235 £ 0.057 0.446 = 0.047  0.198 + 0.058  0.496 + 0.023

Values are means = SD deviation (16 rats in each group). Compared with control group, P < 0.05, “P < 0.01.
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/ » - Ve ? < :
Figure 1. H&E staining of the liver (x400, Scale bar: 50 pim) from rats used in the sub-chronic toxicity test. The different treatments of animals are shown in
(A) Control; (B) 6 480 mg/kg; (C) 1 620 mg/kg; (D) 540 mg/kg. Liver cells adipose degeneration were marked with arrows.

4. Discussion

Forsythin is one of the compounds extracted from
F. suspensa that has been used as TCM preparations such as
Shuanghuanglian Granules and Yingiao Powders, and also as a
health-tea in China [26]. Therefore, studies on the safety of
forsythin from F. suspensa leaves for human consumption are
critical to promote drug development.

Consistent with the results of pre-tests where animal mortality
was not observed at the maximum intragastric dose, in the single-
dose study, we found that the maximum forsythin dose at
18 100 mg/kg by a single intragastric administration reduced the
activity level in NIH mice immediately after administration but all
mice recovered within 1 h. Based on these results, the maximum
tolerated dose (MTD) for a single intragastric administration of
forsythin is presumed to be greater than 18 100 mg/kg in NIH
mice. According to the GHS and Gosselin scale [27.28], forsythin
could be assessed as relatively non-toxic compound.

In the repeated-dose toxicity study, neither death nor marked
toxicities were observed in rats in any of the treatment group. In
general observations, male animals in the high dose group
experienced transient loose stools on treatment days 3 and 16,
which were only isolated cases and all animals recovered the next
day. No other abnormalities were observed indicating no signif-
icant pathological conditions. Generally, body weight changes
and food consumption are commonly monitored indicators of
toxicity after giving to drugs and chemicals [29]. In this study, we
observed decreases in the body weight in the high dose male
group, but become normal in recovery phase. The anti-obesity
activity of forsythin may be considered as a possible explana-
tion of these alterations in body weight [30]. However, the food
consumption changes were not associated with dose and should
be considered toxicologically irrelevant effects.

Hematological indicators are important to determine drug
toxicity [31]. During the treatment period, increases were
observed in MCH in the medium dose group indicating

e

enhancement in  medullary  hematopoiesis  (erythroid
hyperplasia) in the animals. However, no abnormality was
observed in the hematological indicators or bone pathology
indicating the absence of pathological events.

Serum biochemistry is an indication of drug toxicity in the
liver and kidney [14]. In this study, we observed increases in total
bilirubin (TBil) in the high dose group although this was within
the normal range [32], and no abnormality was observed in
histopathological examinations. In addition, in all group
treated with low, medium and high dose, forsythin also
increased the potassium levels in blood; and increased chlorine
in the high dose group. However, all these changes were
within the normal range and therefore did not induce
significant toxicological changes [32].

Results of the organ weight and visceral coefficient in rats
showed that in the late treatment period, liver enlargement was
observed in the high dose group, but this change was within the
normal reference laboratory range. No abnormality was
observed in liver histopathology or liver function, and all
changes disappeared following treatment withdrawal. These
changes were hence considered as compensatory changes
without pathological significance.

Histopathological results showed slight changes in adipose
degeneration in the liver cells of one experimental animals
without presenting significant pattern across groups or positive
correlation with forsythin dose. Therefore, it was assessed as
spontaneous changes taking into account the background path-
ological data in animals. Together, these results reveal no
pathological changes or delayed toxicities related to the oral
administration of forsythin at the tested doses in the experi-
mental animals.

In conclusion, the results of acute toxicity tests in mice
revealed that the maximum-tolerated dose (MTD) of forsythin
was greater than 18 100 mg/kg. In the sub-chronic toxicity
tests in rats, the no-observed-adverse-effect-level (NOAEL) was
observed after 30 days at the concentration of 6 480 mg/kg
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bodyweight. Take together, these results reveal that the use of
forsythin is safe, and therefore is suitable for further develop-
ment and applications.
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