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8. ADMET Prediction and In-vivo Experiments 

8.1. Rationale 

Previous chapters have discussed the development of potent PL inhibitors via various 

structural modification approaches. The net desired pharmacological activities of drugs/ 

drug candidates are not only dependent on their in-vitro potential but also on the 

pharmacokinetic fate (i.e ADME). Generally, the drug discovery and development is a 

complicated and lengthy process that deals with the huge financial and time investments  

[1,2]. Due to the unintended side/adverse effects and lack of site delivery, numerous drug 

candidates fail during the drug discovery program. In order to reduce the attrition rate 

during the discovery process, the fate of drug candidates can be predicted by using 

numerous in-silico molecular and/or data modelling methods. During the molecular 

modelling methods, quantum mechanical methods are used, while in the data modelling 

methods the quantitative structure-activity relationship (QSAR) approach is utilised [3]. 

These approaches offer an option to reduce the overall attrition rate during the drug 

discovery process as well as the fastening of these process via focussing on the most active 

hit compounds produced by various structural modifications [4].  

By considering the importance of these approaches in the drug discovery process, the 

present chapter mainly deals with the understanding of the ADMET (Absorption, 

Distribution, Metabolism, Excretion and Toxicity) parameters of the most potential 

analogues from the previous chapters, followed by the in-vivo evaluation of the most 

active analogue.  

8.2. Material and Methods 

8.2.1. ADMET Predictions 

A total of top 14 potent analogues were considered for ADMET predictions based on their 

in-vitro PL inhibitory activity along with the echitamine (natural product lead) and orlistat 

(positive control). Analogues with IC50  (Series I & II)  (Series 

III) were selected. Various online tools such as SwissADME, OSIRIS property explorer 

and GUSAR were used for the determination of the ADMET profiles [5 7].  
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8.2.2. In-vivo Experiments 

8.2.2.1. Experimental protocol 

All the experimental procedures on animals were in compliance with the Institutional 

Animal Ethics Committee of BITS Pilani (Ref No: IAEC/RES/28/16). Briefly, the 

protocol was divided into three phases.  

i) Oral Triglyceride Tolerance Test 

ii) Anti-obesity studies (4 weeks treatment)  

iii) Quantification of faecal triglycerides 

8.2.2.2. Animals and Diet 

Male Swiss albino mice (15 20 g) were purchased from the Central Animal House of Birla 

Institute of Technology and Science, Pilani (BITS Pilani), Pilani Campus, India (CPCSEA 

Reg. Number: 417/PO/ReBi/2001/CPCSEA). The mice were housed in polyacrylic cages 

and maintained under standard husbandry conditions (room temperature 22 ± 1°C and 

relative humidity of 60%) with a 12-h light/dark cycle.  

i) Oral Triglyceride Tolerance Test (OTTT) 

To examine the in-vivo effects on the intestinal absorption of triglycerides and 

rationalising the dose of 7r for anti-obesity effect (4 week treatment regimen), OTTT was 

performed according to the previously reported protocol [8,9]. The mice were divided into 

six groups (n=6) and were deprived of food for 18 h before the experiment. The dose of 

orlistat was considered as 10 mg/kg. Low (5 mg/kg), medium (10 mg/kg) and high dose 

(20 mg/kg) of test analogue (7r) were evaluated. The mice were orally administered with 

(1) olive oil as a positive control, (2) filtered water as a negative control, (3) olive oil plus 

orlistat (10 mg/kg) as reference control (4) olive oil plus 7r (Low, medium and high dose). 

The amount of olive oil administered per animal was fixed to 5 mL/kg. Blood samples 

were collected at 0, 1.5, 3, 4.5, and 6 h after administration of olive oil, and triglyceride 

contents were detected using commercially available kits (Spinreact S.A.U, Spain). 

ii) Anti-obesity studies (4-week treatment)  

The anti-obesity effect of 7r on fat absorption was examined by administering 7r to HFD 

fed mice over 4 weeks [10,11]. Five groups (Table 8.1) were considered, and each group 

included 7 animals (except for the control group, n=6). The animals were fed with either a 

normal pellet diet (NPD) or HFD and filtered water ad libitum. The activity of the 7r was 
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monitored at 2 dose levels (medium & high). The dose of 7r was decided based on the 

results of in-vitro PL inhibition assay results as well as OTTT. 

Table 8.1 Summary of various groups and drugs administered for the in-vivo experiments. 
 

# Animal Group Drug and Dose 

1. Normal pellet diet (NPD) control - 

2. High-fat diet (HFD) Control - 

3. HFD + Orlistat (10 mg/kg) Orlistat (10 mg/kg) 

4. HFD + Low dose 7r (10 mg/kg) 

5. HFD + High dose 7r (20 mg/kg) 

 

Prior to the treatment, all the animals under HFD groups were adapted to the HFD 

composition for a period of two weeks. The HFD used for the study is summarized in 

Table 8.2, and it contained 20% protein, 45% lipids and 35% carbohydrates by weight 

[12]. 

Table 8.2 Composition of the HFD used in the in-vivo experiments. 
Ingredients  Qty (g/kg)  Ingredients  Qty (g/kg) 

Casein  200  Lard  245  

L-Cysteine  3  Soybean oil  25  

Starch  125  Vitamin and mineral mix  53 

Sucrose  72.8 NaCl  10  

Cellulose  50  Cholic acid  2  

 

After the adaptation period, 7r/orlistat was dissolved in 0.3 %v/v CMC and administered 

to the animals using oral gavage. 

The body weights of the animals were recorded weekly. The animals were subjected to an 

overnight fast at the end of the study, followed by the collection of blood samples using 

the retro-orbital puncture. The blood samples were centrifuged (1500 g) for obtaining the 

serum. Various biochemical parameters including glucose, total triglycerides (TG), total 

cholesterol (TC), and high-density lipoproteins-cholesterol (HDL) were estimated from the 

serum using commercially available diagnostic kits (Spinreact S.A.U., Spain and Accurex 

Biomedical Pvt. Ltd., India).  The low-density lipoprotein-cholesterol (LDL) was calculated 

using the formula (8.1) reported in the literature [13].  
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LDL = [(TC - HDL)*0.9] - [TG*0.1] 8.1 

iii) Quantification of faecal triglycerides 

Since the inhibition of PL is characterized by the excretion of faeces rich in triglycerides, 

the faeces of the mice were collected during the 4-week treatment period, and 

triglycerides were quantified. The procedure for quantification of faecal triglycerides was 

performed as per the literature report with minor modifications [8,14 16]. Briefly, 1g of 

faeces was taken in a separatory funnel and was subjected to vigorous shaking with 0.15 

M NaCl. To this suspension, chloroform/methanol (4:1, % v/v) was added. The mixture 

was allowed to separate. The lower organic phase was collected, filtered and dried in 

vacuo. The obtained triglycerides were dissolved in 1 mL ethanol, and the quantity of 

triglycerides was estimated using a commercial kit (Spinreact S.A.U., Spain). 

8.2.2.3. Statistical analyses  

All the data were represented as mean ± S.E.M, and the differences were analysed using 

one-way analysis of variance (ANOVA) followed by post-

multiple comparison test to determine significant differences between the groups. 

Statistical calculation was performed using GraphPad Prism (v 5.0). A level of p < 0.05 

was considered to be statistically significant. 

8.3. Results and Discussions 

8.3.1. ADMET Predictions 

A total of 14 analogues were selected for the in-silico ADMET predictions via 

SwissADME, OSIRIS data explorer and GUSAR. The obtained results are summarised in 

Table 8.3. Orlistat was found to possess a low GI absorption and did not possess good 

blood-brain barrier (BBB) permeation properties. Nevertheless, analogues from the Series 

I and II exhibited a high GI absorption and low BBB permeation properties. However, 

analogues in Series III substituted with prenyl functionality revealed low GI absorption, 

while the remaining analogues were predicted to absorbs from the GI tract. Further, the 

majority of the synthesized analogues were found to be a good substrate for CYP2C19, 

CYP2C9 and CYP 3A4. All the screened analogues were found to be devoid of the 

mutagenicity and tumorigenicity properties. Orlistat and echitamine possessed LD50 values 

of 2935 and 2006 mg/Kg (rat oral toxicity), whilst the LD50 values of synthesized 

analogues were in the range of 1151-8762 mg/Kg. The higher or comparable LD50 values 

suggested the probable safety profiles of these analogues under the in-vivo conditions.  
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Hence, based on the in-silico ADMET predictions as well as the in-vitro PL inhibitory 

potentials 7r was selected for further in-vivo pharmacological evaluations.  

8.3.2. In-vivo Experiments 

8.3.2.1. Oral Triglyceride Tolerance Test (OTTT) 

Effects of the 7r on the serum triglyceride level after ingestion of the oil was evaluated in 

the OTTT and the result are summarised in Fig. 8.1. After the oil ingestion, a rapid 

increase in the serum triglyceride level was observed in the oil control groups. On 

contrary, administration of orlistat prevented the up shooting of the triglyceride levels, that 

indicated the potential towards the triglyceride metabolism. Nevertheless, the high and 

medium doses (20, 10 mg/Kg) of the 7r exhibited a comparable result to that of orlistat, 

while the lower dose (5 mg/Kg) did not exerted a potential effect on the triglyceride 

absorptions.  

O T T T

T im e (h )

0 2 4 6 8
0

1 0 0

2 0 0

3 0 0

N o r m a l C o n tro l

O il c o n t ro l

O r l i s ta t (1 0 m g /K g )

7 r ( 5 m g /K g )

7 r (1 0 m g /K g )

7 r (2 0 m g /K g )

 

Fig. 8.1. Results of the OTTT summarising the serum triglyceride levels at various time 

points. 

 

Based on the above results, high and medium doses (20, 10 mg/Kg) of the 7r were selected 

for the evaluation anti-obesity effect i.e., 4-week treatment study. 
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8.3.2.2. Anti-obesity studies (4 weeks treatment)  

Anti-obesity effect of 7r in the HFD feed mice was evaluated for four weeks. Two doses 

of 7r (10, 20 mg/Kg) were selected, whilst orlistat (10 mg/Kg) was used as a reference 

control. The body weights of the animals were determined at the end of each week and the 

observed results are summarised in Fig. 8.2. The weight of the HFD group was 

significantly increased in comparison with the NPD control. However, the treatment 

groups revealed a significant reduction in body weight gain.  

W e ig h t g a in

T im e p e r io d (W e e k )

0 1 2 3 4
1 5

2 0

2 5

3 0

3 5

N P D H F D O r li s ta t ( 1 0 m g /k g )

7 r (1 0 m g /k g ) 7 r (2 0 m g /k g )

**
***

 

Fig. 8.2. Increment in body weights of various groups during the treatment period. 

The values are represented as mean ± SEM. ***p 0.001, HFD vs orlistat; **p 

0.01, HFD vs 7r (20 mg/Kg).  

Apart from this, various biochemical parameters such as serum glucose, triglycerides 

(TG), total cholesterol (TC), high-density lipoprotein (HDL), low-density lipoproteins 

(LDL) were also measured and the obtained results are summarised in Fig. 8.3. Except for 

HDL, all the biochemical parameters of HFD control exerted significant changes to that of 

normal control. The orlistat treatment group resulted in the reversal of all the serum 

biochemical parameters. Both of the selected doses of 7r resulted in the greater reversal of 

glucose profiles of the HFD mice. In the case of HDL and LDL, the low dose of 7r did not 

exert significant changes compared to the HFD mice. Overall, these studies validated the 

anti-obesity potential of 7r during the 4-week treatment. 
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Fig. 8.3. Various biochemical parameters determined after the treatment period. 

The values are represented as mean ± SEM. (A): ## p vs HFD; **** p 

HFD vs orlistat and 7r (20 mg/Kg); *** p vs 7r (10 mg/Kg). (B): ## p 

NC vs HFD; ** p vs orlistat and 7r (20 mg/Kg); * p  0.05, HFD vs 7r (10 

mg/Kg). (C): ## p vs HFD; *** p  0.001, HFD vs orlistat; ** p vs 7r 

(20 mg/Kg); * p vs 7r (10 mg/Kg). (D): * p vs orlistat and 7r (20 
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5 0

1 0 0

1 5 0

2 0 0

**** *

# #
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mg/Kg). (E): #### p vs HFD; ** p  HFD vs orlistat; * p vs 7r 

(20 mg/Kg). 

8.3.2.3. Quantification of faecal triglycerides 

From the previous studies, it is evident that the 7r possessed a potential anti-obesity effect. 

OTTT suggested the potential of this analogue in the triglyceride absorption, while the 

various serum biochemical parameters suggested the overall anti-obesity potential. Since 

PL inhibition alters the digestion of the triglycerides, an excess amount of it is observed in 

the faeces. In order to evaluate the extent of anti-obesity effect, that was exerted through 

the PL inhibition, the amount of the triglycerides present in the faeces were quantified and 

the results are summarised in Fig. 8.4.  

F a e c a l t r ig ly c r id e s

0

2 0

4 0

6 0

8 0

1 0 0

***

*

**

 

Fig. 8.4. Faecal triglyceride levels determined from various groups. The values are 

represented as mean ± SEM; (C): *** p vs orlistat; ** p vs 7r 

(20 mg/Kg); * p vs 7r (10 mg/Kg). 

 

The faecal triglyceride contents in the orlistat/ treatment groups significantly varied when 

compared to HFD/normal control groups. Amongst these groups, orlistat treatment group 

exhibited the maximum faecal triglyceride content followed by analogue 7r (20 mg/Kg). 

Overall, quantification of the triglyceride contents revealed that the screened analogue (7r) 

had a prominent role in the fat absorption process, via inhibition of the PL.   
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In summary, the present chapter discussed the ADMET properties predictions of the 

synthesized analogues followed by the pharmacological evaluation of the topmost active 

analogues from all the 3 series. Incorporation of the isoprenyl functionality in the active 

pharmacophore resulted in the enhancement of the PL inhibitory potential. Further 

ADMET studies suggested that these analogues had lesser GI absorption properties, which 

was due to the enhancement of overall lipophilicity of these analogues. Further, these 

analogues possessed higher LD50 values, which further suggested the safety profiles of the 

analogues after the consumptions. All of the screened analogues were devoid of any kind 

of toxicity. Based on these results from the ADMET predictions and in-vitro PL inhibitory 

potentials, pharmacological evaluation of 7r was evaluated in the in-vivo conditions. Three 

sets of experiments were performed for the proper understanding of the anti-obesity 

potential of the selected analogue (7r). OTTT studies indicated the role of 7r in the 

triglyceride absorption, while four-week treatment studies in HFD feed mice suggested the 

anti-obesity potential. The faecal triglyceride study provided information about the PL 

inhibitory profiles of 7r where it exerted an anti-obesity effect comparable to that of 

orlistat. Further, faecal triglyceride estimation clearly indicated that this anti-obesity effect 

was due to the inhibition of PL. 
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