Study on Metabolism and Passing Blood-Brain Barrier of Anbol

Abstract: Anbol can be quickly and completely absorbed in rats. Five minutes after gavage, radioactivity can be detected in blood, which peaked 15 minutes after gavage, and maintained at a relatively high concentration 1 hour later. The biological half-life of radioactivity was 11.5 hours (t1/2β). After intravenous injection, radioactivity disappearance showed a fast and a slow phase, their biological half-life being 33 minutes (t1/2α) and 12.5 hours (t1/2β).

Radioactivity distribution was similar in normal rats to mice with tumors. Radioactivity in the brain tissue was about 2-2.5 times of that in other tissues, indicating that Anbol can bypass the blood-brain barrier and enter the brain. There was no significant difference between radioactivity distribution in tumor tissues and other issues. The disappearance of radioactivity in tissue showed slightly parallel relationship with that in the plasma. Radioactivity appeared to have strong affinity with adipose tissue, which remained at a high level four hours after administration. 

Radioactive substance was major excreted by urinary, accounting for 45.38% and 51.91% respectively 24 hours after oral and intravenous administration. Biliary excretion was another way, 56.43% and 36.47% 24 hours after oral and intravenous administration. While only 6.77% and 14.35% were recovered from fecal 72 hours after oral or intravenous injection. It indicated that most radioactive substances discharged in the bile were re-absorbed. 
To further enhance the effectiveness and provide experimental evidence for clinical administration, we studied absorption, distribution and excretion of marked Anbol in mice.
Materials and Methods 
(I) Main drugs and reagents 
Silica gel TLC proved Anbol’s radiochemical purity was 96%. Specific activity was 85 Mc/mM. Anbol was dissolute in absolute ethanol and dried. Following the clinical formula, a little amount of anhydrous alcohol (2.5%) and Tween-80 (1.8%) were added, and dubbed with saline solution into expected concentrations for gavage and intravenous use. 
Toluene: pure, Beijing chemical plant; 2,5 - phenyloxazol - (PPO): Wujiang County Shengze people's communes reagent plant, Jiangsu Province ; 1,4-bi (5-phenyloxazol-2) benzene (POPOP): Shanghai Reagent Plant; CAI: Experiment reagents, Shanghai Reagent Plant.

(II) Animals 
Experimental rats, male rats weighing 180-240g and female rats of 24-27g. They were given oral administration, fasting 12 hours before the experiment without limitation on water. 
(III) Preparation of biological samples 
1. Plasma and tissue After head-cutting, prepare plasma with heparin, get 0.1 ml to test its radioactivity. Remove the guts, wash and remove the blood, dry with filter paper, which was made into 1:10 homogenate with anhydrous alcohol, get 0.1ml of the supernatant after centrifugation, and measure the radioactivity. 
2. Urine, feces and bile Collect urine and bile, dilute appropriately and get 0.1 ml; test its radioactivity directly. Weigh the fecal after natural drying, made into powder, diluted into 1:10 or 1:50 by anhydrous alcohol, get 0.1ml or 1.0 ml supernatant after centrifugation and test its radioactivity.

(4) Assay of radioactivity 
Using homogeneous phase. Plasma, bile and urine used modified Bray's scintillation liquid (containing 0.6% PPO, 0.01% POPOP etc.), and the remaining samples used toluene liquid scintillation (toluene solution with 0.4% PPO and 0.01% POPOP), each sample was added with 5 ml scintillation liquid. They were counted with domestic FJ - 353 with dual-blazing-liquid scintillation, measuring efficiency being 48%. Within the standard, samples took quenching correction.

Experimental and Results 
(1) plasma radioactivity
20 rats were divided into 10 groups. Intravenous inject with the brain Anbol, at different times after administrations cut their heads for blood, prepare the plasma and determine the radioactivity. The results showed that after intravenous injection of brain Anbol, plasma radioactivity declined rapidly, which slowed down two hours later, plasma of radioactivity biological half-life being 33 minutes (α phase) and 12.5 hours (β phase). 
Rats 24, divided into 10 groups, each 2 to 4. Stomach gavage with Anbol 160, 5 minutes after administration, the plasma was radioactive. The radioactivity peaked at 15 minutes, maintained a relatively high level 1 hour later, then gradually decreased, the plasma elimination half-life (beta phase) being 11.5 hours .

To observe Anbol bioavailability of different preparations, we made Anbol into starch suspension and gavage to rats. The results showed that, using brain Anbol starch suspension plasma after administration, the dynamic changes of radioactivity was basically the same with normal saline (containing a small amount of ethanol and Tween-80), but the former plasma radioactive - time curve had a smaller size, the size of the two formulations ratio was 0.52: 1.00. 
(II) Distribution 
1. In normal rat tissue distribution  Normal rats took Anbol 40 μG/kg by intravenous injection, cut their heads after 15 minutes, 30 minutes, 1,4,12 hours animals (n = 2 ~ 3) and measured their radioactivity. The results showed in rats after intravenous injection of 15 minutes, brain had the highest radiation, radioactivity in the liver, heart, muscle, lungs, plasma, brain, testis and spleen showed no special concentration. 30 minutes, 1,4,12 hours after intravenous injection, the distribution of radioactivity was similar to that of the 15 minutes, but the corresponding tissues’ radioactivity was low. The adipose tissue’s radiation reached the maximum 1 hour later, and slowly declines after.

30 minutes, 1, 4, and 12 hours after gavage of Anbol 160 μG / kg in normal rats, the tissue distribution was similar to that with intravenous injection. 
2. Tissue distribution in tumor-laded mice. 18 tumor-loaded mice (U14), 3 to 6 in each group. Intravenous brain Anbol 50 μ G / kg, kill the mice after five minutes, 1,4 hours, and assay the radioactivity. The results were shown in Table 1. 

Table 1 tissue distribution of radioactivity after intravenous injection of Anbol (50 μ G / kg) in U14 tumor-loaded mice 

	radioactivity
Period after administration
tissue
	cpm×10±standard error/g wet tissue or ml

	
	5 min
	1hr
	4hr

	brain
	10.2±0.73
	5.1±1.07
	1.1±0.45

	liver
	10.0±0.47
	5.1±0.28
	0.6±0.09

	tumor
	4.6±0.27
	2.0±0.38
	0.5±0.12

	uterus
	4.5±0.93
	1.2±0.14
	0.3±0.06

	plasma
	4.2±0.33
	1.6±0.15
	0.4±0.01

	heart
	4.2±0.13
	2.0±0.12
	0.1±0.03

	kidney
	4.1±0.55
	1.5±0.13
	0.1±0.10

	spleen
	3.8±0.18
	1.8±0.54
	0.2±0.09

	lung
	3.6±0.23
	1.2±0.46
	0.1±0.03

	muscle
	3.4±0.38
	2.2±0.41
	0.4±0.17


(Uterine, muscle mean of six mice, the other tissue: mean of three mice) 
As revealed in Table 1, five minutes after intravenous injection, radioactivity was the highest in the brain, and that in the liver, uterus, plasma, heart, kidney, spleen, lung, and muscle was close, and basically decreased with plasma radioactivity. This indicated Anbol can bypass the blood-brain barrier.

(III) excretion 
1. Rat urine and feces After gavage (180 μ G / kg) or intravenous injection (40 μ G / kg), radioactivity was excreted through rat urine and fecal. 
see Table 2 
Table 2 Anbol excretion by urine and fecal after gavage and intravenous injection 
	Way of administration
	dose
(μG/kg)
	Time after administration
(hrs)
	Total secretion ( dose% )

	
	
	
	urine
	fecal

	Gavage (3)

	180
	1
	15.52
	

	
	
	2
	18.51
	 

	
	
	4
	21.01
	

	
	
	6
	24.12
	

	
	
	8
	30.06
	

	
	
	12
	39.40
	5.22

	
	
	24
	45.38
	

	
	
	48
	47.64
	6.49

	
	
	72
	48.03
	6.77

	IV (3)
	40
	1
	12.47
	

	
	
	2
	21.96
	 

	
	
	4
	24.57
	

	
	
	6
	38.93
	 

	
	
	8
	43.10
	

	
	
	12
	47.76
	

	
	
	24
	51.91
	5.98

	
	
	48
	53.89
	11.46

	
	
	72
	54.75
	14.35


From Table 2, we can see the brain Anbol gavage to rats after one hour urinary radioactivity has been discharged, the discharge capacity dose of 15.52%. Since the administration of urine 72 hours after the discharge of radioactive dosage for the 48.03%, 82.03% of which is radioactive after administration discharged within 12 hours. 72 hours after administration of radioactive discharge from the fecal dose of 6.77%. 
Brain Anbol rats after intravenous injection of one hour since the discharge of radioactive urine for the doses of 12.47%, 54.75% for 72 hours, of which 87.23% of the radioactivity in the 12-hour period after administration discharged. 72 hours since the discharge of radioactive for fecal dose of 14.35%.

Bile rats in the ether bile duct intubation mild anesthesia, to be sober after the animals gavage (180 μ G / kg) or intravenous injection (40 μ G / kg). see table 3. 
Table 3 Anbol gavage (180 uc / kg) and intravenous (40 uc / k) after radioactive discharge from the rat bile
	Time after administration (hr)
	Total secretion (dose %)

	
	Gavge (3)
	IV (3)

	1

2

4

6

8

12

24

48
	3.57

10.70

22.49

26.56

28.54

31.79

36.47

41.80
	29.39

38.69

46.28

49.99

52.30

54.79

56.43

57.27


As revealed in Table 3, 1 hour after gavage, radioactivity was detected in bile. 48 hours after administration, bile radioactivity was 41.80% of the dose, of which 76.05% was secreted within 12 hours after administration. 48 hours after intravenous injection, radioactivity was 57.27% of the dose, 95.67% within 12 hours after administration. 


Discussion 

This study pointed out that radioactivity can be detected 5 minutes after gavage, and peaked at 15 minutes. One hour after administration, a considerable amount of radioactive substances were discharged from urine and bile, which showed that Anbol absorption from the gastrointestinal tract was very quickly. While the extent of gastrointestinal absorption can be estimated by the area walled by drug concentration and time curve (medicine-time curve). The results showed that after gavage with intravenous drugs - when the area under the curve ratio was 4.35:1, and the rat’s gavage dose was 4 times of intravenous dose. If with the same dose administration, theoretically the areas under the curve would be roughly the same area, which suggested that after oral administration Anbol was completely absorbed from the gastrointestinal tract. Excretion experiment also explained: gavage after 72 hours, fecal radioactivity was only 6.77%, indicating most had been absorbed in the gastrointestinal tract. It appears that oral administration is better.
Plasma radioactivity-time curve shows intravenous injection has two phases, a fast (α), and slow (β) phase. The former plasma radioactivity fell quickly, its biological half-life being (t1 / 2 α) 33 minutes, which mainly reflected the distribution speed of radioactivity in the body; Plasma radioactive slowly declined in the latter, its biological half-life (t1 / 2 β) being 12.5 hours, which mainly reflected the elimination speed. After gavage, radioactivity elimination half-life (t1 / 2 β) was 11.5 hours, basically the same with that after intravenous injection.
After intravenous or gavage, Anbol showed similar distribution in rats and mice with the highest concentration in the brain. Other organs’ radioactivity changed with the plasma. But after intravenous injection, the radioactivity in rats’ adipose tissue was the highest at 1 hour and was eliminated slower. It may be related to the fat-solubility of curcumol or some metabolites. As to radioactivity distribution of tumor-loaded mice after intravenous injection, although it did not show specificity, the concentration was high. In conclusion, after gavage or intravenous injection of Anbol, the brain tissue was radioactive, indicating that Anbol could pass the blood-brain barrier and enter the brain.

72 hours after gavage, the radioactive substances secreted from the urine and feces were 48.03% and 6.77% of the dose, 54.75% and 14.35% after intravenous injection, indicating radioactive substances can be secreted by the urine and feces and the kidney is the major way. Anbol elimination by the bile is also important, 48 hours after administration 41.80% (gavage) and 57.27% (intravenous) of radioactive discharge were from the bile. It should be noted that, despite about 50% of the radioactive substances entered from the bile into the intestine, 72 hours after administration, only 6.77% (gavage) and 14.35% (intravenous) of radioactive discharge were from the feces, which shows that a considerable portion of radioactive substances were re-absorbed from the intestine. As for whether from it can be eliminated through the respiratory tract, the sweat glands and other channels and its metabolites in the body, further studies are needed.

