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A B S T R A C T   

A traditional Chinese herbal medicine formula named Huang-Lian-Jie-Du Decoction (HLJDD) has been used to 
cure various inflammatory diseases with a long history. However, one component of HLJDD Gardeniae fructus has 
remarkable liver and kidney toxicities. Therefore, it was altered with Dictamni cortex to form a modified HLJDD 
(MHLJDD). In this study, we aimed to evaluate the sub-chronic toxicity of the active fraction of MHLJDD 
(MHLJDD-F) in rats. Adult rats of both sexes were intragastrically administered with vehicle or MHLJDD-F (at 
the dose of 170, 340, and 680 mg/kg/day) once daily for 90 days. Half of the rats from each group were kept for 
an additional 30-day period to observe the drug withdrawal effect. The signs of toxicity and mortality of the rats 
were observed, and the body weight and food consumption were recorded. Blood was collected for hematological 
and biochemical analyses and major organs were weighed and harvested for histopathological examinations. The 
results revealed that no systemic toxicity of MHLJDD-F was found during the experiments. Organ coefficients and 
pathological alterations of major organs were comparable to the control rats. The no-observed adverse effect 
level (NOAEL) of MHLJDD-F was found up to 680 mg/kg/day. All these results demonstrated that long-term oral 
administration of MHLJDD-F did not cause significant toxicity, which is worthy to be widely applied as a new 
herbal medicine in pre-clinical and clinical studies.   

1. Introduction 

Huang-Lian-Jie-Du Decoction (HLJDD) contains four Chinese herb 
medicines including Coptidis rhizoma, Phellodendri chinensis cortex, Scu
tellariae radix and Gardeniae fructus. HLJDD is a well-known written 
prescription for alleviating inflammatory conditions in the theory and 
practices of Chinese medicine because of the function of clearing body 
fire and removing heat toxicity [1]. Previous clinical studies have 
documented that HLJDD showed potent therapeutic effects on various 
inflammatory diseases including atopic dermatitis (AD) [2–4]. In addi
tion, our previous work [5] also demonstrated that HLJDD has strong 
anti-inflammatory and anti-allergic activities in in vivo and in vitro 
models of AD. However, one herbal medicine of HLJDD Gardenia fructus 
(GF) was reported to cause remarkable liver and kidney injuries in 
long-term treatment [6], which extremely limited the application of 
HLJDD in patients with AD. 

Fortunately, another herbal medicine named Dictamni cortex (DC), 
has been traditionally used to eliminate the influences made by damp 
and hot weather on the body in the theory of Traditional Chinese 
Medicine. Also, DC is commonly used to resolve different kinds of in
flammatory situations, especially of the skin in the clinics. DC was also 
found to have strong anti-allergic activity in a mouse model of AD [7]. 
Since the pathogenesis of AD is involved with both inflammation and 
allergic reactions [8], GF was altered with DC to form a modified HLJDD 
(MHLJDD). MHLJDD (1480 mg/kg/day) was found to be more efficient 
than HLJDD (600 mg/kg/day) in relieving 2,4-Dinitrobenzene 
(DNCB)-induced AD-like skin lesions in mice in our previous work [5, 
9], and the extracted active fraction of MHLJDD (MHLJDD-F, at the dose 
of 520 and 1040 mg/kg/day) possessed the most potent anti-AD efficacy 
[9]. Now that pharmacologic treatments for AD generally last for a long 
time, it is necessary to reveal the toxicological profile of MHLJDD-F for 
drug safety. The acute toxicity of MHLJDD-F has been evaluated and the 
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LD50 was 825 mg/kg/day (562–1210 mg/kg/day, 95 % CI) in mice [9]. 
In this study, we aimed to evaluate the sub-chronic toxicity of 
MHLJDD-F in rats. The presented investigation was a preliminary 
non-Good Laboratory Practice (GLP) toxicity study which followed most 
of the testing requirements given in OECD 408 [10]. 

2. Methods and materials 

2.1. Preparation of MHLJDD-F 

The detailed procedure to extract and fractionation of MHLJDD has 
been reported in our published work [9]. Considering the dose of this 
formula used in patients (MHLJDD, 30 g/65 kg/day) and the extraction 
rate (about 12 %) of MHLJDD-F, and the equivalent dose calculation 
based on body surface area from human to rats is 6.2 [11], therefore the 
dose levels used in rats in this study was 170, 340, and 680 mg/kg/day. 

2.2. Experimental animals and housing conditions 

Male and female Sprague-Dawley (SD) rats were provided by Labo
ratory Animal Services Center, CUHK. All the experimental procedures 
were reviewed and approved by the Animal Experimentation Ethics 
Committee of CUHK (Reference no. 21/109/ITF). 

2.3. Grouping and drug treatment 

Six to eight-week-old Sprague-Dawley rats (weighing 140–180 g) of 
both sexes were randomly divided into eight groups of 20 each. After the 
90-day drug treatment, 10 rats from each group were sacrificed, and the 
remaining 10 rats were kept for the 30-day withdrawal observation. 
Different doses of MHLJDD-F (170, 340, and 680 mg/kg/day) were 
suspended in 0.5 % CMC-Na solution and given by gavage once daily to 
rats for 90 days. The rats of the normal control (NC) were given the 
vehicle. The signs of toxicity and mortality of the animals were observed 
throughout the experiments. The rat body weight and food consumption 
were also recorded every 10 days. In the 30-day drug withdrawal study, 
the left rats had free access to food and distilled water, without appli
cation of MHLJDD-F or vehicle. 

2.4. Sample collection and organ weights 

At the last day of the 90-day and the 30-day withdrawal experiments, 
rats of each group were sacrificed by decapitation under anesthesia. 
Blood from the heart was collected in vacutainer respectively with and 
without ethylenediaminetetraacetic acid (EDTA) for hematological and 
biochemical analyses. After sacrifice, the major organs were weighed 
(brain, heart, thymus gland, spleen, adrenal gland, kidney, lung, liver, 
pancreas, ovary, uterus, testes, epididymis), and the relative organ 
weight was calculated [12]. 

Fig. 1. Effects of MHLJDD-F on the body weight of male (A) and female (B) rats after 90-day drug treatment experiment. Data were presented as mean ± SEM (n 
= 10). 
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Fig. 2. Effects of MHLJDD-F on the body weight of male (A) and female (B) rats after 30-day drug withdrawal experiment. Data were presented as mean ± SEM (n 
= 10). 

Table 1 
Effects of MHLJDD-F on the feed intake (g/day/per rat) of rats after 90-day drug treatment experiment.   

Female Male 

Day NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day) 

NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day)  

1 16.00 
±1.41 

16.60±1.52 16.00±1.22 16.20±0.45 20.00 
±1.41 

19.40±0.55 19.40±1.14 19.80±1.79  

10 16.20 
±1.30 

16.80±0.84 16.80±1.30 16.60±0.89 21.20 
±0.84 

21.20±1.64 21.40±1.34 21.60±1.52  

20 16.60 
±1.14 

16.60±1.34 16.20±1.30 16.40±1.52 22.00 
±1.00 

22.4±0.55 22.20±1.30 21.80±0.84  

30 15.60 
±0.55 

15.80±1.30 16.80±0.84 16.80±1.10 22.20 
±0.84 

21.80±1.10 21.20±0.84 22.60±0.89  

40 17.00 
±1.22 

16.20±1.30 16.00±1.22 16.60±1.14 21.60 
±1.14 

21.80±0.84 21.40±1.52 22.00±1.41  

50 17.80 
±1.10 

17.60±1.14 17.20±1.10 18.40±0.89 22.00 
±1.22 

22.40±0.89 21.80±1.30 21.40±1.34  

60 17.00 
±1.41 

18.40±0.89 17.40±0.89 17.60±1.14 24.20 
±1.30 

24.20±1.64 24.60±1.52 23.60±0.55  

70 17.40 
±1.14 

18.00±0.55 17.20±0.84 17.40±1.34 24.00 
±0.71 

24.20±1.10 24.80±1.10 24.60±1.52  

80 16.80 
±1.30 

18.40±0.55 17.80±0.84 18.20±1.30 24.80 
±1.64 

23.20±0.45 24.20±1.30 25.00±1.58  

90 16.80 
±0.84 

18.00±1.22 17.00±1.00 16.80±0.84 24.80 
±1.30 

23.80±0.84 24.80±1.30 24.40±1.52 

Data were presented as mean ± SD (n = 10). 
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Table 2 
Effects of MHLJDD-F on feed intake (g/day/per rat) of rats after 30-day drug withdrawal experiment.   

Female Male 

Day NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day) 

NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day)  

1 15.60 
±0.55 

16.20±0.84 16.00±1.41 17.20±0.84 20.20 
±1.30 

19.80±1.79 20.60±1.34 21.00±1.00  

10 17.00 
±1.00 

16.00±0.71 15.60±0.89 16.20±1.10 21.80 
±1.64 

22.00±1.22 22.40±2.19 23.00±2.00  

20 16.40 
±1.34 

16.80±1.30 17.00±1.00 16.00±1.00 23.00 
±1.41 

21.60±2.30 21.40±1.34 23.60±1.52  

30 16.00 
±1.00 

16.40±1.14 15.80±1.30 16.60±0.55 23.20 
±2.05 

21.40±1.52 22.40±1.82 23.00±1.22  

40 16.80 
±0.84 

16.20±1.30 16.00±0.71 17.20±0.84 22.20 
±1.92 

21.20±1.79 21.60±1.52 22.40±1.82  

50 16.60 
±0.89 

18.00±1.00 18.00±0.71 18.00±1.22 20.80 
±1.92 

22.60±1.82 23.60±1.34 22.40±1.95  

60 18.20 
±1.30 

17.40±1.52 17.60±0.55 17.60±1.14 21.60 
±1.52 

21.20±2.17 22.60±1.34 24.00±2.24  

70 17.00 
±0.71 

17.80±1.30 17.60±1.14 18.20±0.45 24.20 
±1.10 

22.40±2.07 22.40±2.30 21.60±0.89  

80 16.20 
±0.45 

18.00±1.22 17.20±1.92 17.00±0.71 22.40 
±1.52 

22.40±1.52 22.00±1.41 21.20±1.30  

90 18.80 
±1.79 

19.60±0.89 17.80±1.64 17.60±2.41 23.20 
±1.64 

23.00±2.00 22.20±2.28 21.60±1.52  

100 18.40 
±1.67 

16.60±2.07 16.20±1.30 16.40±1.52 24.80 
±1.92 

24.20±2.17 25.80±1.30 24.40±1.82  

110 15.80 
±1.79 

16.60±2.30 17.20±1.92 16.60±1.14 24.80 
±1.48 

26.00±0.71 24.80±1.79 24.00±2.35  

120 15.80 
±1.10 

17.60±1.34 16.40±1.67 17.00±1.00 24.00 
±1.58 

23.40±2.19 24.60±1.14 23.80±2.05 

Data were presented as mean ± SD (n = 10). 

Table 3 
Effects of MHLJDD-F on organ coefficients of rats after 90-day drug treatment experiment.   

Female Male 

Organ NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day) 

NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day) 

Brain 0.73 
±0.10 

0.64±0.06 0.64±0.03 0.64±0.10 0.39 
±0.01 

0.33±0.04* 0.35±0.01 0.37±0.02 

Heart 0.34 
±0.02 

0.33±0.03 0.31±0.04 0.35±0.06 0.27 
±0.07 

0.27±0.03 0.24±0.03 0.27±0.04 

Thymus 
Gland 

0.10 
±0.06 

0.13±0.10 0.19±0.09 0.12±0.01 0.13 
±0.07 

0.09±0.03 0.09±0.04 0.08±0.03 

Spleen 0.16 
±0.02 

0.17±0.01 0.17±0.01 0.17±0.01 016 
±0.00 

0.14±0.01 0.15±0.01 0.14±0.01 

Adrenal 
Gland 

0.02 
±0.01 

0.02±0.00 0.02±0.00 0.02±0.00 0.01 
±0.00 

0.01±0.00 0.01±0.00 0.01±0.00 

Kidney 0.72 
±0.06 

0.70±0.04 0.69±0.02 0.69±0.02 0.58 
±0.06 

0.58±0.05 0.58±0.04 0.56±0.02 

Lung 0.54 
±0.08 

0.54±0.10 0.58±0.12 0.58±0.04 0.40 
±0.08 

0.44±0.13 0.38±0.13 0.53±0.14 

Liver 3.21 
±0.24 

3.29±0.24 3.37±0.23 3.25±0.23 3.24 
±0.26 

3.18±0.39 3.30±0.21 3.27±0.21 

Pancreas 0.29 
±0.11 

0.26±0.03 0.20±0.05 0.30±0.08 0.14 
±0.02 

0.15±0.05 0.14±0.02 0.20±0.08 

Ovary 0.04 
±0.01 

0.04±0.01 0.03±0.01 0.06±0.01** / / / / 

Uterus 0.19 
±0.03 

0.20±0.02 0.19±0.03 0.23±0.05 / / / / 

Testes / / / / 0.59 
±0.05 

0.57±0.02 0.56±0.02 0.59±0.02 

Epididymis / / / / 0.32 
±0.07 

0.24±0.05 0.29±0.09 0.23±0.02 

Data were expressed as mean ± SD (% of the fasting body weight) (n = 10). * p < 0.05 and ** p < 0.01 compared with the NC group. 
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2.5. Hematological examination and biochemical analysis 

Hematological examinations were estimated by an autoanalyzer 
(ADVIA® 2120i, Siemens Healthcare Diagnostics, Germany). The dif
ferential leukocyte count (%) was performed using Leishman’s stain on 
blood smears. Blood without EDTA was collected and stood at room 
temperature for an hour, and then centrifuged at 5000 ×g for 20 min. 
The serum was collected and stored for the following biochemical 
analysis using ELISA kits (Nanjing Jian Cheng, China). 

2.6. Histopathological analysis 

Tissue samples from kidney, pancreas, lung, and liver were collected 
for histopathological examination, which were fixed in 10 % formalin 
overnight and then embedded in paraffin, followed by sectioned at 
10 µm thickness. And then the sections were stained with hematoxylin 
and eosin (H & E) solution as described in our published studies [7,13]. 

2.7. Statistical analysis 

All data were showed as mean ± standard deviation (SD)/ standard 
error of mean (SEM). Difference comparisons between multiple groups 
were performed using one-way ANOVA followed by the Bonferroni test. 
The statistical significance was considered when p < 0.05. 

3. Results 

3.1. Effects of MHLJDD-F on body weight and feed intake of rats 

We found no mortality and clinical signs of toxicity during the period 
of 90-day and the 30-day withdrawal experiments. As shown in Figs. 1 
and 2, the body weight of both female and male rats increased gradually 
during the entire period of the 90-day experiment and the 30-day 
withdrawal experiment. At the end of the 90-day experiment, the 

body weight of MHLJDD-F treated groups did not show statistical dif
ferences, as compared with the NC group, either in the male or female 
rats. At the end of the 30-day drug withdrawal experiment, the body 
weight of rats of both sexes showed similar changes to the 90-day drug 
treatment experiment, except that the body weight of male rats in the 
MHLJDD-F (340 mg/kg/day)-treated group was higher (p < 0.05), as 
compared with the NC group. These results suggested that long-term 
treatment with MHLJDD-F did not show significant side effects on the 
rat’s body weight. 

In addition, as shown in Table 1 and Table 2, there lack of differences 
in feed intake in all MHLJDD-F treated groups in both sexes, as 
compared to the corresponding control group. 

3.2. Effects of MHLJDD-F on organ coefficients of rats 

As shown in Table 3, after 90-day oral administration of MHLJDD-F 
(680 mg/kg/day), the relative organ coefficient of ovary of female rats 
outstandingly raised (p < 0.01), when compared with the NC female 
rats. In the 90-day experiment, the relative organ coefficient of brain 
was observably decreased in the MHLJDD-F (170 mg/kg/day)-treated 
male rats (p < 0.05), when compared with the male NC rats. However, in 
case of 30-day withdrawal experiment, these changes were reversed in 
the MHLJDD-F-treated male and female rats (Table 4). 

3.3. Effects of MHLJDD-F on hematological parameters of rats 

After 90-day oral administration of MHLJDD-F, only a few hemato
logical parameters of both female and male rats were found to change 
(Table 5). As shown in Table 5, MHLJDD-F (680 mg/kg/day) treatment 
significant decreased the MCV in the female (p < 0.01) and male rats (p 
< 0.05) and MCH in the male rats (p < 0.05), when compared with the 
NC group. MHLJDD-F (680 mg/kg/day) also signally increased the 
MCHC in the female rats (p < 0.05) (Table 5). However, these changes 
were reversed after 30-day drug withdrawal experiment (Table 6). 

Table 4 
Effects of MHLJDD-F on organ coefficients of rats after 30-day drug withdrawal experiment.   

Female Male 

Organ NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day) 

NC MHLJDD-F 
(170 mg/kg/day) 

MHLJDD-F 
(340 mg/kg/day) 

MHLJDD-F 
(680 mg/kg/day) 

Brain 0.75 
±0.04 

0.70±0.04 0.71±0.04 0.72±0.04 0.34 
±0.03 

0.34±0.02 0.35±0.03 0.34±0.02 

Heart 0.32 
±0.03 

0.33±0.01 0.31±0.01 0.33±0.02 0.25 
±0.01 

0.26±0.01 0.25±0.01 0.25±0.01 

Thymus 
Gland 

0.14 
±0.08 

0.12±0.02 0.25±0.02 0.16±0.03 0.10 
±0.06 

0.12±0.02 0.09±0.02 0.13±0.05 

Spleen 0.17 
±0.02 

0.15±0.00 0.15±0.02 0.16±0.01 0.13 
±0.01 

0.12±0.01 0.12±0.01 0.13±0.01 

Adrenal 
Gland 

0.02 
±0.00 

0.02±0.00 0.02±0.00 0.02±0.00 0.01 
±0.01 

0.01±0.01 0.01±0.00 0.01±0.00 

Kidney 0.70 
±0.08 

0.66±0.04 0.69±0.05 0.68±0.06 0.57 
±0.04 

0.60±0.04 0.56±0.09 0.58±0.04 

Lung 0.51 
±0.07 

0.51±0.04 0.50±0.05 0.51±0.04 0.29 
±0.04 

0.30±0.01 0.32±0.05 0.28±0.02 

Liver 3.28 
±0.34 

3.24±0.13 3.19±0.42 3202±0.23 3.23 
±0.24 

3.07±0.18 3.21±0.14 3.20±0.12 

Pancreas 0.13 
±0.05 

0.19±0.09 0.20±0.06 0.19±0.05 0.10 
±0.04 

0.12±0.01 0.12±0.02 0.12±0.04 

Ovary 0.04 
±0.01 

0.03±0.01 0.04±0.01 0.04±0.01 / / / / 

Uterus 0.20 
±0.05 

0.19±0.03 0.20±0.04 0.19±0.02 / / / / 

Testes / / / / 0.61 
±0.03 

0.61±0.04 0.58±0.07 0.61±0.04 

Epididymis / / / / 0.32 
±0.04 

0.31±0.01 0.33±0.01 0.30±0.01 

Data were expressed as mean ± SD (% of the fasting body weight) (n = 10). 
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3.4. Effects of MHLJDD-F on serum parameters of rats 

After 90-day oral administration of MHLJDD-F, results of the 
biochemical analysis showed very few statistical differences in the pa
rameters of the MHLJDD-F treated groups compared to their respective 
control group, both in the 90-day drug treatment experiment (Fig. 3) 
and 30-day drug withdrawal experiment (Fig. 4). Significant decreases 
were observed in the serum level of AST in the female rats treated by 
MHLJDD-F (680 mg/kg/day) in the 90-day drug treatment experiment, 
and 30-day drug withdrawal experiment (both p < 0.05). And the level 
of CRE in serum also significantly decreased in the female rats treated 
with MHLJDD-F (170 and 680 mg/kg/day) (p < 0.01 and p < 0.05) in 
the 30-day drug withdrawal experiment. However, no notable changes 
were observed in male rats treated with MHLJDD-F, ether in the 90-day 
drug treatment and 30-day drug withdrawal experiments. 

3.5. Effects of MHLJDD-F on histopathologic evaluation of rats 

Results of histopathologic evaluation of lung, pancreas, liver, and 
kidney showed that rats treated with the 90-day oral application of 
MHLJDD-F up to the dose of 680 mg/kg/day had few pathological 
changes in both sexes, when compared with the NC rats (Fig. 5). These 
pathological changes such as lymphocytic infiltration in the liver and 
kidney were incidental on the basis that the frequency and severity were 

comparable to the untreated rats and no dose relationship was observed. 
The same situations were also observed in the 30-day drug withdrawal 
experiment (Fig. 6). 

4. Discussion 

HLJDD was reported to have in vitro genotoxicity [14] and in vivo 
hepatic and renal toxicity [15]. In preclinical studies and clinical prac
tices, HLJDD was also found to produce some adverse effects on the 
stomach, gastrointestinal tract, liver, and kidney [16,17]. The toxicity of 
HLJDD was mainly due to the GF, which was reported to cause notice
able liver and kidney injury in the rats after 12-week application [6]. 
The hepatotoxicity and renal toxicity of GF extremely restricted the 
long-term use of HLJDD in clinics. Therefore, many attempts have been 
made to reduce the toxicity of HLJDD. In the present study, we replaced 
GF with DC, with the hope of arriving at a safer and more resultful 
therapy to be utilized in inflammatory skin diseases. 

Results of hematological analysis present the toxicity of test sub
stances on coagulation function and immunologic function, which pre
sented a few marked variations in MCV, MCH, and MCHC of rats 
receiving MHLJDD-F at the dose level of 680 mg/kg/day, in the 90-day 
drug treatment experiment. In the 90-day experiment, MCV level 
significantly decreased by 6.14 % and 7.20 %, respectively in the female 
and male rats that received MHLJDD-F at the dose level of 680 mg/kg/ 

Table 5 
Effects of MHLJDD-F on hematological parameters (mean ± SD) in rats after 90-day drug treatment experiment.   

Female Male 

Parameters NC MHLJDD-F 
(170 mg/kg/ 
day) 

MHLJDD-F 
(340 mg/kg/ 
day) 

MHLJDD-F 
(680 mg/kg/ 
day) 

NC MHLJDD-F 
(170 mg/kg/ 
day) 

MHLJDD-F 
(340 mg/kg/ 
day) 

MHLJDD-F 
(680 mg/kg/ 
day) 

RBC (×1012/L) 7.07±0.71 7.49±0.17 7.60±0.19 7.32±0.66 7.50±0.21 7.66±0.34 7.48±0.36 8.06±0.57 
Haemoglobin (g/L) 124.40 

±10.81 
132.60±1.82 134.75±2.22 127.00±10.12 129.50 

±2.12 
126.60±4.22 126.75±6.45 131.60±6.88 

Haematocrit (%) 40.52 
±4.31 

42.48±0.29 42.70±1.52 39.36±3.49 42.55 
±0.07 

41.72±1.20 40.63±2.34 42.34±1.86 

MCV (fL) 57.32 
±0.83 

56.78±1.11 56.20±0.73 53.80±1.04** 56.75 
±1.63 

54.48±1.23 54.25±1.07 52.66±1.86* 

MCH (pg) 17.62 
±0.32 

17.70±0.21 17.73±0.24 17.42±0.38 17.25 
±0.21 

16.52±0.35 16.93±0.36 16.38±0.39* 

MCHC (g/L) 307.60 
±8.05 

312.00±3.74 315.75±6.08 323.80±3.70* 303.50 
±4.95 

303.00±2.92 312.25±2.63 311.20±5.40 

Reticulocyte (%) 2.36±0.21 2.52±0.37 2.95±0.64 2.56±0.17 4.60±1.27 3.56±0.67 3.98±0.50 3.52±0.38 
Reticulocyte count 

(×109/L) 
166.86 
±14.05 

187.76±27.15 192.95±34.58 185.76±13.64 342.05 
±84.22 

272.08±53.84 297.30±47.12 281.26±19.15 

WBC (×109/L) 1.71±0.90 1.05±0.42 1.89±1.01 2.18±0.57 6.28±1.77 4.86±2.90 3.91±2.25 6.86±1.31 
Neutrophil (%) 19.80 

±12.78 
16.90±2.79 16.50±7.44 14.20±1.50 17.40 

±0.99 
22.30±9.50 20.85±4.24 15.78±2.88 

Neutrophil count 
(×109/L) 

0.30±0.16 0.17±0.06 0.28±0.11 0.31±0.09 1.09±0.25 1.01±0.59 0.76±0.35 1.09±0.34 

Lymphocyte (%) 74.20 
±14.44 

78.38±2.14 78.53±6.46 81.46±1.92 78.25 
±1.34 

73.68±9.99 75.25±5.19 80.16±3.48 

Lymphocyte count 
(×109/L) 

1.32±0.79 0.83±0.34 1.52±0.90 1.78±0.47 4.93±1.46 3.65±1.87 3.02±1.87 5.49±0.98 

Monocyte (%) 2.34±1.12 1.42±0.51 2.10±0.29 1.56±0.25 2.05±0.21 1.40±0.44 1.48±0.43 1.60±0.37 
Monocyte count 

(×109/L) 
0.03±0.01 0.02±0.01 0.04±0.03 004±0.01 0.14±0.05 0.06±0.03 0.06±0.04 0.11±0.04 

Eosinophil (%) 2.04±0.80 2.04±0.75 1.40±0.37 1.28±0.34 0.90±0.28 1.36±0.59 1.18±0.64 1.08±0.73 
Eosinophil count 

(×109/L) 
0.04±0.03 0.02±0.00 0.03±0.02 0.03±0.01 0.06±0.01 0.07±0.06 0.04±0.03 0.07±0.04 

Basophil (%) 1.20±1.17 0.40±0.12 0.55±0.42 0.32±0.16 0.15±0.07 0.28±0.18 0.25±0.10 0.30±0.14 
Basophil count (×109/ 

L) 
0.016 
±0.01 

0.002±0.00* 0.010±0.01 0.006±0.01 0.02±0.01 0.01±0.01 0.01±0.01 0.02±0.01 

Large unstained cells 
(%) 

0.98±0.57 0.84±0.40 0.93±0.39 1.24±0.11 1.25±0.35 0.96±0.43 0.98±0.53 1.12±0.24 

Large unstained cells 
count (×109/L) 

0.02±0.01 0.01±0.01 0.02±0.02 0.03±0.01 0.08±0.00 0.05±0.04 0.03±0.02 0.08±0.02 

Platelet (×109/L) 773.40 
±433.25 

1130.60±53.94 1101.50±23.22 883.80±350.21 1383.00 
±226.27 

1111.40±152.00 1161.00±62.59 1140.00±164.18 

Data were presented as mean ± SD (n = 10). * p < 0.05 and ** p < 0.01 compared with the NC group. 
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day, but the values were within the background range [18,19]. These 
minor changes could reverse at the end of the 30-day withdrawal 
experiment, and no abnormal pathologic changes were observed in the 
histopathologic examinations. Likely, these changes in MCH and MCHC 
were also reversible and showed no association with histopathological 
examination. In addition, the AST level was significantly reduced by 
41 % and 27 % in the female rats treated with MHLJDD-F 
(680 mg/kg/day), and the CRE level was reduced by 38 % and 52 % 
in the female rats treated with MHLJDD-F (170 and 680 mg/kg/day), 
which compared to the untreated rats. 

In the 90-day experiment, the ovary weight of the MHLJDD-F treated 
group (680 mg/kg/day) increased by about 50 % and the relative brain 
weight of the MHLJDD-F treated group (170 mg/kg/day, male) 
decreased by about 15 % as compared to the untreated normal rats but 
within the normal range [20]. These changes were also recovered during 
the 30-day drug withdrawal observation. The results showed no corre
lation with histopathological examination and thus were considered of 
no toxicological significance. Also, an increase in the relative epididymis 
weight of males in the 30-day withdrawal experiment was observed, but 

these differences observed in rats treated with MHLJDD-F were not 
dose-dependent. No significant pathological changes were observed in 
MHLJDD-F treated rats, though some clinical changes such as lympho
cytic infiltration were observed in the liver and kidney. These observa
tions were considered incidental and thought not related to MHLJDD-F 
administration, as the frequency and severity of pathological changes 
were comparable to the untreated rats and no dose relationship was 
observed. Compared with other published data of assessment on the 
toxicity of HLJDD [21], MHLJDD-F did not adversely affect the RBC and 
reticulocyte, as well as any specific organ. 

5. Conclusion 

Oral administration of the rats with MHLJDD-F in both sexes rats for 
90 consecutive days did not produce any evident toxicity or adverse 
effects to organs. In the evaluation of the sub-chronic toxicity, NOAEL of 
MHLJDD-F was found up to 680 mg/kg/day in both sexes of rats. 

Table 6 
Effects of MHLJDD-F on hematological parameters of rats after 30-day drug withdrawal experiment.   

Female Male 

Parameters NC MHLJDD-F 
(170 mg/kg/ 
day) 

MHLJDD-F 
(340 mg/kg/ 
day) 

MHLJDD-F 
(680 mg/kg/ 
day) 

NC MHLJDD-F 
(170 mg/kg/ 
day) 

MHLJDD-F 
(340 mg/kg/ 
day) 

MHLJDD-F 
(680 mg/kg/ 
day) 

RBC (×1012/L) 7.98 
±0.22 

7.91±0.22 7.59±0.32 8.17±0.7 7.61 
±0.28 

7.54±0.23 7.46±0.45 7.59±0.28 

Haemoglobin (g/L) 139.75 
±5.12 

136.60±4.34 133.80±4.87 136.60±4.83 129.40 
±6.69 

131.8±4.44 130.00±4.32 132.20±4.60 

Haematocrit (%) 46.48 
±2.44 

45.02±1.41 44.76±1.37 45.52±0.94 43.78 
±2.98 

47.36±1.50 45.80±1.70 45.54±1.01 

MCV (fL) 58.30 
±4.04 

56.90±0.75 56.42±0.68 55.50±4.09 57.52 
±2.65 

55.46±1.29 54.23±1.17 54.32±1.18 

MCH (pg) 17.53 
±0.44 

17.30±0.33 17.68±0.25 16.80±1.64 17.00 
±0.56 

16.60±0.50 16.43±0.43 16.58±0.41 

MCHC (g/L) 301.0 
±15.9 

304.0±5.5 313.0±4.6 303.8±132.6 295.4 
±5.8 

296.0±3.8 297.2±1.2 295.60±4.4 

Reticulocyte (%) 2.33 
±0.56 

2.40±0.20 2.80±1.04 2.58±0.56 3.54 
±0.55 

3.48±0.38 3.58±0.75 3.68±0.44 

Reticulocyte count 
(×109/L) 

183.7 
±40.1 

188.2±17.8 211.1±74.6 210.6±43.7 269.7 
±43.1 

279.6±31.5 280.3±48.2 245.7±132.8 

WBC (×109/L) 4.82 
±1.10 

4.68±1.61 4.77±0.96 4.63±0.66 6.55 
±2.15 

7.10±1.64 7.18±1.24 7.01±1.57 

Neutrophil (%) 18.65 
±6.79 

18.76±7.65 16.30±4.20 17.44±2.96 21.86 
±4.28 

19.90±3.91 20.35±4.29 20.32±1.92 

Neutrophil count 
(×109/L) 

0.85 
±0.15 

0.87±0.47 0.78±0.21 0.74±0.14 1.43 
±0.55 

1.56±0.21 1.39±0.31 1.48±0.26 

Lymphocyte (%) 77.00 
±6.87 

76.72±7.89 80.68±4.12 81.66±3.56 73.78 
±4.51 

78.66±5.08 78.45±5.00 76.80±1.89 

Lymphocyte count 
(×109/L) 

3.76 
±1.13 

3.60±1.38 2.46±0.76 3.26±0.58 3.82 
±1.57 

5.10±1.76 4.44±1.29 4.80±1.32 

Monocyte (%) 1.73 
±0.45 

2.18±0.48 1.94±0.51 2.18±0.69 1.98 
±0.49 

1.72±0.87 1.98±0.57 1.80±0.39 

Monocyte count 
(×109/L) 

0.08 
±0.02 

0.11±0.05 0.06±0.03 0.08±0.02 0.14 
±0.08 

0.27±0.06 0.16±0.05 0.15±0.05 

Eosinophil (%) 1.55 
±0.56 

1.04±0.36 1.12±0.22 1.28±0.31 1.16 
±0.22 

1.06±0.57 0.78±0.39 0.78±0.19 

Eosinophil count 
(×109/L) 

0.08 
±0.04 

0.05±0.02 0.06±0.01 0.05±0.01 0.07 
±0.02 

0.11±0.05 0.06±0.03 0.06±0.02 

Basophil (%) 0.38±0.1 0.32±0.13 0.40±0.23 0.32±0.04 0.24 
±0.05 

0.31±0.04 0.35±0.10 0.33±0.08 

Basophil count (×109/ 
L) 

0.0175 
±0.00 

0.012±0.00 0.012±0.00 0.014±0.00 0.021 
±0.01 

0.017±0.01 0.023±0.01 0.024±0.01 

Large unstained cells 
(%) 

0.70 
±0.08 

1.00±0.56 1.12±0.45 1.06±0.18 1.00 
±0.07 

1.24±0.33 1.13±0.43 0.88±0.08 

Large unstained cells 
count (×109/L) 

0.03 
±0.01 

0.05±0.04 0.03±0.01 0.04±0.01 0.06 
±0.02 

0.07±0.02 0.09±0.03 0.07±0.01 

Platelet (×109/L) 868.8 
±216.5 

1045.2±159.1 1037.4±243.7 1095.6±106.7 1086.6 
±439.3 

1265.8±191.8 1125.3±145.3 1280.6±205.5 

Data were presented as mean ± SD (n = 10). 
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Fig. 3. Effects of MHLJDD-F on the serum parameters of rats after 90-day drug treatment experiment. Data were presented as mean ± SEM (n = 10). * p < 0.05 
compared with the NC group. 
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Fig. 4. Effects of MHLJDD-F on serum parameters of rats after 30-day drug withdrawal experiment. Data were presented as mean ± SEM (n = 10). * p < 0.05 and ** 
p < 0.01 compared with the NC group. 
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