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Novelty statement

The Chinese herbal medicine has many advantages, such as multi-targeting property, less drug resistance and less toxicity. Results show that Lian-Ge oral liquid contained Scutellaria baicalensis, Puerarialobata, Rheum officinale, Coptis chinensis and Glycyrrhiza, the effective rate of Lian-Ge oral liquid for chicken colibacillosis was 70% to 84%, and the cure rate was 56% to 76%. This study proves that Lian-Ge oral liquid can control artificially-induced chicken colibacillosis and its curative effect is equivalent to that of florfenicol. Research and development of Chinese herbal medicine used for chicken colibacillosis is beneficial to reducing bacterial resistance, which will promote the development of poultry industry. 
Abstract

Lian-Ge oral liquid was prepared in order to treat artificially-induced chicken colibacillosis, TLC (Thin-layer chromatography) and HPLC (High-performance liquid chromatography) were employed for identification. The chicken colibacillosis model was successfully established by artificial infection, and the experimentally infected chickens were treated with different doses of Lian-Ge oral liquid. TLC results showed that Lian-Ge oral liquid contained Scutellaria baicalensis, Puerarialobata and Rheum officinale, and HPLC results suggested that the berberine hydrochloride content was 1.791-2.069 mg/mL in three lots of Lian-Ge oral liquid. In this experiment, it was found that in the high-dose or middle-dose group, the death rate was significantly lower than in the positive control group. In the high-dose group, the effective rate of treatment and cure rate were 84% and 76%, respectively. In the middle-dose group, the effective rate and cure rate were 82% and 70%, respectively. There was no significant difference in effective rate of treatment and cure rate among high-dose group, middle-dose group and drug control group (P>0.05). Lian-Ge oral liquid can control artificially-induced chicken colibacillosis and its curative effect is equivalent to that of florfenicol.
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Introduction

Chicken colibacillosis is a local or systemic infectious disease caused by E. coli or some pathogenic serotypes of E. coli with incidence rate of 11-69% and death rate of 40-90%. In mixed infection with other pathogens, the death and culling rate will be higher and colibacillosis is a primary bacterial disease inflicting heavy losses on poultry industry (Chen, 2006). 

      At present, the existing vaccines cannot effectively prevent colibacillosis due to complex serotypes of E. coli and the main inhibitor of colibacillosis is antibacterial drug used by many intensive and large-scale farms. However, the resistance of pathogenic E.coli to drugs looms large and spreads overwhelmingly owing to abuse and irregular use of antibiotics.

      As time goes on, the drug-resistance rate of E. coli will mount up, multiple drug-resistant strains will come out and the resistance spectrum will be quite likely to widen (Zhang et al., 2012; Wang et al., 2013). These make it difficult to control chicken colibacillosis effectively and bring hidden danger to human food security and public health. The research and application of Chinese herbal medicine has a long history in China and many previous studies show that Chinese herbal medicine has many advantages, such as multi-targeting property, stability, less drug resistance and less toxicity. In addition, it has good antibacterial, antiviral and immunity-enhancing effects. Research and development of Chinese herbal medicine for poultry cannot only contribute to exploring national traditional medicine resources, but also provide a powerful guarantee to bolster up poultry industry, so it is an important way to solve hindrance to the development of poultry industry.
Materials and Methods 

Experimental Animals and Strains
1-d Hy-Line layers (Jinyu Chicken Farm, Shijiazhuang, China) were conventionally raised with chicken feed without antibacterial drugs for 15 d. The O1 serotype E. coli strain (CVCC249) was supplied by Bacteria Room of China Institute of Veterinary Drugs Control (Beijing, China).

Drugs and Reagents

Chinese herbal medicine and effective components used for TLC and HPLC (including Scutellaria baicalensis, Rheum officinale, baicalin, puerarin, emodin and berberine hydrochloride) were purchased from China’s National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China). Soluble florfenicol powder was bought from Zhangjiagang Hengsheng Medical Chemistry Co., Ltd. (Zhangjiagang, China). The O-factor diagnosis serum of E. coli was purchased from China Institute of Veterinary Drugs Control (Beijing, China).

Preparation of Lian-Ge Oral Liquid

The prescribed Lian-Ge oral liquid contained Scutellaria baicalensis (250 g), Puerarialobata (250 g), Rheum officinale (50 g), Coptis chinensis (350 g) and Glycyrrhiza (100 g). Puerarialobata, Rheum officinale, Coptis chinensis and Glycyrrhiza were soaked in 10-fold water for 30 min and decocted twice (1 h each time). After decoctions were mixed and filtered, the filtrate was collected for later use. Scutellaria baicalensis was immersed in 10-fold pre-warmed water (80°C), followed by decoction and filtration in the same way. The separated decoction was performed to reduce degradation of baicalin by endogenous enzymes due to slow heating. The collected filtrates were mixed and condensed, followed by adjusting pH to 3.5 with hydrochloric acid. Subsequently, 3 g of sodium benzoate was added and total solution volume was adjusted to 1000 mL. After sterilization, the mixture was packed separately and stored at room temperature.

Identification of Constituents by TLC

Identification of Scutellaria baicalensis, Puerarialobata and Rheum officinale in Lian-Ge oral liquid was carried out according to the methods in China Pharmacopeia (Committee of Chinese Veterinary Pharmacopoeia, 2015). Three lots of Lian-Ge oral liquid were prepared by the same method and then they were used for preparation of sample solution (including sample solution 1, 2 and 3). 

      5 mL of Lian-Ge oral liquid was evaporated to dryness and the residue was dissolved in 30 mL of methanol (for identification of Scutellaria baicalensis and Puerarialobata) or 30 mL of trichloromethane (for identification of Rheum officinale). After ultrasonic treatment, the mixture was filtered and the filtrate was concentrated to 2.0 mL for later use. 1.0 mg of baicalin and 1.0 mg of puerarin were dissolved in 1.0 mL of methanol, respectively, 1.0 mg of emodin was dissolved in 1.0 mL of trichloromethane, and then they were used as control solution. The Lian-Ge oral liquid sample free of corresponding drug was prepared according to the prescription and the negative control solution was prepared in a similar manner. 2.0-2.5 μL of the above solution was taken respectively for identification of Scutellaria baicalensis, Puerarialobata and Rheum officinale by TLC method.  

Detection of Berberine Hydrochloride by HPLC

According to the methods in China Pharmacopeia (Committee of Chinese Veterinary Pharmacopoeia, 2015), berberine hydrochloride control solution, three lots of sample solutions and blank control solution without Coptis chinensis were prepared by ultrasonic treatment after adding methanol, respectively. The prepared solutions were detected by HPLC method. The chromatographic column was Kromasil-C18 (4.6 mm×150 mm, 5 μm). The mobile phase contained acetonitrile–0.1% phosphoric acid–lauryl sodium sulfate at volume ratio of 50:50:0.1. The detection wavelength was 265 nm and the flow rate was 1.2 mL/min.
Grouping and Treatment of Chickens 

A total of 50 healthy chickens with consistent body conditions were selected as a negative control group (Group-I) and they were reared separately without any challenge and medical treatment.

      In addition, 280 healthy chickens with uniform weight were injected with 109 cfu/mL of O1-type E. coli solution (Bacteria Room of China Institute of Veterinary Drugs Control, Beijing, China) via chest muscle, respectively, 0.5 mL per chicken. After challenge, the clinical symptoms of chickens in spirit, diet and feces were observed. When a typical symptom of chicken colibacillosis (including anorexia, diarrhea and yellowish white feces) was found, the dead chickens were selected for pathological autopsy. Then the bacteria were isolated from liver for biochemical identification and O antigen test.

      After challenge for 12 h, the chickens with typical symptoms were randomly divided into five groups, including high-dose Lian-Ge group (Group-II), middle-dose Lian-Ge group (Group-III), low-dose Lian-Ge group (Group-IV), drug control group (Group-V) and positive control group (Group-VI), with 50 chickens in each group.

      The Group-II, Group-III and Group-IV chickens were treated with Lian-Ge oral liquid at dose of 1.5, 1.0 and 0.5 mL/kg·bw respectively via drinking water. The Group-V chickens were treated with soluble florfenicol powder (20 mg/kg·bw) via drinking water. Chickens in Group-VI were not treated with any drug. The chickens in different groups were treated with drugs for 5 d and observed for 2 d. At the end of experiment, the surviving chickens in each group were killed.

      During the whole experiment period, clinical symptoms and deaths of chickens were regularly observed and recorded every day. The death rate, effective rate of treatment and cure rate of each group were calculated, and Chi-square test of experiment data was carried out by SPSS17.0.

Evaluation Indexes of Therapeutic Effect

Death rate: The death rate is the proportion of dead cases to total chickens in the group. During experiment, the dead chickens, exhibiting typical lesions of colibacillosis (including pericarditis and perihepatitis) with E.coli isolated from liver, were recorded as dead cases.  

Effective rate of treatment: The effective rate of treatment is the proportion of effective cases (surviving chickens) to total chickens in the group. At the end of experiment, the experimentally infected chickens showing reduced symptoms of chicken colibacillosis were deemed effective cases.

Cure rate: The cure rate is the proportion of cured cases to total chickens in the group. At the end of experiment, the chickens with no symptoms of colibacillosis and no typical lesions were deemed cured cases. 
Results
Constituent Identification of Lian-Ge Oral Liquid

TLC detection revealed that Lian-Ge oral liquid contained Scutellaria baicalensis, Puerarialobata and Rheum officinale. The same clear color spots were observed in the corresponding positions of test samples, control samples, and control drugs, with good separation. There was no spot in chromatogram of the blank control group (Figs. 1–3).

Berberine Hydrochloride Content Test in Lian-Ge Oral Liquid

The effective component of Coptis chinensis, berberine hydrochloride, was detected by HPLC. The berberine hydrochloride content in three lots of Lian-Ge oral liquid was 1.791-2.069 mg/mL. The chromatograms of berberine hydrochloride control sample, Lian-Ge oral liquid test sample and blank control sample without Coptis chinensis are shown in Fig. 4.
Clinical Symptoms of Artificially-induced Chicken Colibacillosis

At 8 h post-challenge, chickens showed different degrees of clinical symptoms of colibacillosis, which included depression, disordered feathers, cyanotic comb, closed eyes, anorexia, diarrhea and yellowish white feces. Death occurred 12 h after challenge and peaked 24-48 h after challenge. Some chickens in Group-VI still died at the end of experiment. In the treatment groups, clinic symptoms were relieved and the death was stopped after treatment for 4 d. At the end of experiment, the mental state and average daily feed intake (ADFI) of chickens in the treatment groups basically returned to normality except for Group-IV (Table 1). In the negative control group, the chickens grew normally without morbidity or mortality during the whole experiment.

      The dead chickens were necropsied and typical lesions were observed, including liver swelling with scattered bleeding spots, pericardial effusion, myocardial bleeding, spleen swelling, peritoneal thickening and massive mucus in enteric cavity. The cases with a long course of disease presented typical fibrinous pericarditis and perihepatitis lesions.
Identification of Bacterial Isolates

Bacteria were separated from the liver of dead chickens and detected by microscopy after Gram staining. Small red Gram-negative bacilli were observed and most of these isolated bacteria scattered singly or formed pairs with rounded ends. The bacterial colony edge was neat and its surface was smooth and wet, which conformed to the features of E. coli. The organism was identified as O1-type E. coli by biochemical tests and agglutination tests.
Therapeutic Effect of Lian-Ge Oral Liquid on Chicken Colibacillosis

As evidenced by the results in Table 2, the death rate, effective rate of treatment and cure rate in four treatment groups were significantly different from those in Group-VI (P<0.01). There was no significant difference in the death rate, effective rate of treatment and cure rate among Group-II, Group-III and Group-V chickens (P>0.05). 

Discussion
Establishment of Artificially-induced Chicken Colibacillosis

In order to investigate the curative effects of traditional Chinese medicine, it is necessary to establish a successful animal infection model. The main factors affecting the establishment of chicken colibacillosis model include strains, routes and dosage of infection. The highly virulent strains are often used to infect laboratory animals so as to successfully replicate colibacillosis, and serotypes O1, O2, and O78 of E.coli in particular are commonly reported (Hu et al., 1998; Fan et al., 2001; Jiang and Yue, 2003; Jiang et al., 2012; He et al., 2013). In our study, results demonstrated that the serotype O1 of E.coli had strong virulence and could induce systemic infection in chickens to show typical pathological changes of chicken colibacillosis.

      The infection route has a great effect on artificial induction of colibacillosis and the common infection route includes intraperitoneal injection, pectoral muscle injection, subcutaneous injection and oral administration (Williams et al., 1985; Li et al., 2000; Xi et al., 2015; Guo et al., 2016). Zhou et al. studied the effects of different injection methods on the induction of colibacillosis and found that the strongest pathogenicity was induced by pectoral muscle injection, followed by subcutaneous injection, and the weakest one was nose or oral dropping. Moreover, different infection routes also affect dosage of bacterial liquid. The dose required for intramuscular injection is low, the dose for subcutaneous injection is high and the dose for nose or oral dropping is the highest and may be unsuccessful (Zhou et al., 2005). In addition, infection dosage is also affected by age and breed of chickens. 

      According to previous studies, 15-day-old male Hy-Line chickens were selected and injected with 0.5 mL (109 cfu/mL) of O1 E. coli solution by muscle injection, so that the model of chicken colibacillosis was established successfully, with morbidity of 100% and mortality of 52%.
Chicken Disease Treatment by Chinese Herbal Medicine

At present, traditional Chinese medicine has been widely used in veterinary clinical treatment of chicken diseases including infectious diseases and medical diseases. Lian-Ge oral liquid prepared in this experiment was obtained by improving the classic prescription Gegen-Qinlian Dection recorded in Treatise on Febrile Diseases written by Zhang Zhongjing, composed of Scutellaria baicalensis, Puerarialobata, R. officinale, Coptis chinensis and Glycyrrhiza uralensis. Scutellaria baicalensis is the dry root of S. baicalensis Georgi and Baicalin is the main effective component of Scutellaria baicalensis, with antibacterial, antiinflammatory, antiviral and immunity-enhancing functions (Zhang et al., 1990; Fan et al., 1995; Zhao et al., 2007; Yan et al., 2014). Puerarialobata is the dry root of Puerarialobata (Willd.) Ohwi and contains puerarin and other flavonoids, having good antipyretic and antidiarrheal functions (Huang et al., 2009). Rheum officinale is the rhizome or root of Rheum palmatum L., Rheum tanguticum Maxim.ex Balf., and Rheum officinale Baill. 

      Many researchers have revealed that the main antibacterial constituent of Rheum officinale is anthraquinone including rhein, emodin and aloeemodin. The antibacterial mechanism mainly contains the inhibition of bacterial respiration, control of synthesis of proteins and nucleic acids (Su, 2014), and destruction of bacterial membrane structures and functions (Chang et al., 2007). Besides, Rheum officinale can protect intestinal mucosae, improve intestinal motility, and remove bacteria and endotoxins (Fu et al., 2011). Coptis chinensis is the dry stem and root of Coptis chinensis Franch., Coptisdeltoidea C. Y. Cheng et Hsiao, or Coptisteeta Wall. Previous studies have indicated that berberine is the most important active constituent of Coptis chinensis., having obvious antagonistic effects on E. coli, Staphylococcus aureus, Streptococcuss pneumonia and Helicobacter pylori ( Yang et al., 2014; Zhi et al., 2014), and it can also inhibit influenza virus and Newcastle disease virus (Li et al., 2002; Zhang et al., 2008). Glycyrrhiza uralensis is the dry root and stem of G. uralensis Fisch., Glycyrrhiza inflata Bat. or Glycyrrhiza glabra L. As a common traditional Chinese medicine, it can invigorate qi and blood and coordinate various drugs (Zhang, 1990).
Therapeutic Effect of Lian-Ge Oral Liquid on Chicken Colibacillosis

In this experiment, Lian-Ge oral liquid was used to treat chicken colibacillosis. In Group-II and Group-IV, the effective rate of treatment was 84% and 82%, respectively, and the cure rate was 76% and 70%, respectively. These results indicated that Lian-Ge oral liquid had great therapeutic effect on chicken colibacillosis, and there was no significant difference in all indexes among Group-II, Group-III and Group-V (P>0.05).
Conclusion
Test results showed that Lian-Ge oral liquid could control artificially-induced chicken colibacillosis and its curative effect is equivalent to that of florfenicol. The recommended clinical dose was 1.0 mL/kg·bw. Research and development of Chinese herbal medicine used for chicken colibacillosis is beneficial to reducing the bacterial resistance, which will promote the development of poultry industry.
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Fig. 1: TLC identification of Scutellaria baicalensis in Lian-Ge oral liquid

Note: 1–3 were the test samples of Lian-Ge oral liquid 1, 2, and 3. 4 was baicalin control sample. 5 was Scutellaria baicalensis control sample. 6 was Scutellaria baicalensis blank control sample
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Fig. 2: TLC identification of Puerarialobata in Lian-Ge oral liquid

Note: 1–3 were the test samples of Lian-Ge oral liquid 1, 2, and 3. 4 was puerarin control sample. 5 was Puerarialobata blank control sample
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Fig. 3: TLC identification of Rheum officinale in Lian-Ge oral liquid

1–3: were the test samples of Lian-Ge oral liquid 1, 2, and 3. 4 was emodin control sample. 5 was Rheum officinale control sample. 6 was Rheum officinale blank control sample
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Fig. 4: HPLC detection of berberine hydrochloride content in Lian-Ge oral liquid

Note: Fig. A showed berberine hydrochloride control sample. Fig. B showed test samples of Lian-Ge oral liquid. Fig. C showed C. chinensis blank control sample

Table 1: The ADFI and deaths of the chickens

	Groups
	
	1-d
	2-d
	3-d
	4-d
	5-d
	6-d
	7-d

	Group-I
	ADFI (g)
	18.5
	19.6
	20.5
	21.4
	22.6
	23.5
	24.7

	
	Deaths
	0
	0
	0
	0
	0
	0
	0

	Group-II
	ADFI (g)
	6.8
	8.9
	12.3
	15.6
	18.1
	22.0
	23.5

	
	Deaths
	6
	1
	1
	0
	0
	0
	0

	Group-III
	ADFI (g)
	6.4
	8.2
	11.6
	14.7
	17.9
	21.7
	23.6

	
	Deaths
	5
	2
	1
	1
	0
	0
	0

	Group-IV
	ADFI (g)
	6.3
	7.0
	9.5
	12.2
	15.4
	18.7
	22.5

	
	Deaths
	7
	5
	2
	1
	0
	0
	0

	Group-V
	ADFI (g)
	6.6
	9.1
	12.0
	14.8
	18.2
	22.6
	24.2

	
	Deaths
	6
	2
	3
	0
	0
	0
	0

	Group-VI
	ADFI (g)
	6.4
	6.2
	8.5
	11.3
	13.6
	16.5
	19.4

	
	Deaths
	8
	7
	5
	3
	0
	2
	1


Note: Group-I (negativge control group), Group-II (high-dose Lian-Ge group), Group-III (middle-dose Lian-Ge group), Group-IV (low-dose Lian-Ge group), Group-V (drug control group), Group-VI (positive control group), the same in Table 2. ADFI represented average daily feed intake

Table 2: Therapeutic effect of Lian-Ge oral liquid on chicken colibacillosis (n=50)

	Groups
	Deaths
	Death rate (%)
	Effective rate of treatment (%)
	Cure rate (%)

	Group-I
	0
	--
	--
	--

	Group-II 
	8
	16Bc
	84Aa
	76Aa

	Group-III
	9
	18Bc
	82Aa
	70ABa

	Group-IV
	15
	30Bb
	70Ab
	56Bb

	Group-V
	10
	20Bbc
	80Aab
	72ABa

	Group-VI
	26
	52Aa
	48*Bc
	8*Cc


Note: * represented self-healing or self-relieving of symptoms. A–C represented significant differences among different groups (P<0.01). a–c represented significant difference (P<0.05)
