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FINAL REPORT 

 

1.  Title of the project :   Evaluation of Indian medicinal plants for anti-atherosclerotic effects and    
                                           exploration of their possible mechanisms of action 
 
2.  Principal Investigator:  Dr. Nirmala N Rege  
                                              Professor & Head  
                      Department of Pharmacology & Therapeutics 
                                              Seth GS Medical College and KEM Hospital, 

                Parel, Mumbai 400 012. 
 
3.  Co-Investigators        :   Dr. Pradeep Vaideeswar  
                                              Professor, 
                                              Department of Pathology 
                                              Seth GS Medical College and KEM Hospital, 

                Parel, Mumbai 400 012. 
          

          Dr. Sandhya K. Kamat  
                                              Professor, 
                                              Department of Pharmacology & Therapeutics 

          Seth GS Medical College and KEM Hospital, 
                Parel, Mumbai 400 012. 

 
                            Dr. Dinesh A.Uchil  
                                              Scientific Officer, 
                                              Department of Pharmacology & Therapeutics 

          Seth GS Medical College and KEM Hospital, 
                Parel, Mumbai 400 012. 

 
 
4.  Other Scientific Staff engaged in the study: 
 

Sr. No. Name  Post held  
1 Dr. Amit Khandagale  Senior Research fellow (Medical) 

2 Dr.Vibhavari Chhatre Senior Research fellow (Medical) 

3 Dr. Priti Shirsat Senior Research fellow (Medical) 

4 Dr. Siddharth Sable Senior Research fellow (Medical) 

5 Ms. Shruta Rege  Senior Research fellow (Non-Medical) 

6 Ms.Suvarna Desai Senior Research fellow (Non-Medical) 

7 Ms.Anjali Sonawane Senior Research fellow (Non-Medical) 

8 Ms. Ajita Scindia Senior Research fellow (Non-Medical) 

9 Ms.Amruta Mekudale  Senior Research fellow (Non-Medical) 
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5.   Non-scientific Staff engaged in the study: 
 

Sr. No. Name  Post held  
1. Mr. Sachin Rawool Lab Assistant 
2 Mr. Rajendra Machiwale Helper 
3 Mr. Sidhartha S. Pangerkar Helper 

 
6.   Implementing Institution:  Seth GS Medical College and KEM Hospital, 

                      Parel, Mumbai 400 012. 
 
      other collaborating Institution : None 
 
7.   Date of commencement:  1st April 2002 
 
8.   Duration: 4 years  
                     (1st April 2002 – 28th Feb. 2005 and 1st  October 2008 – 28th Feb. 2010) 
 
9.   Date of completion: 31st July 2010 
 
10. Objectives as approved: 
 

i. To evaluate anti-atherosclerotic effect of some of the Indian medicinal plants using an 

experimental model of atherosclerosis induced by high cholesterol diet in rabbits. 

ii. To investigate possible mechanisms of action of the plants showing beneficial effects by 

studying their effects on various pathogenic pathways. 

iii. To determine whether combination of Indian Medicinal Plants made on the basis of their 

mechanism of actions exerts better anti-atherosclerotic effect and is safe. 

 

11. Deviation made from original objectives if any while implementing the project and reasons    

      there of:  

There were no deviation in the original objectives However; some interim modifications in the 

methodology done during the course of the study are listed below. 

1. Animal model of hyperlipidaemia using ethanol: During standardization, reproducibility 

and reliability of the model was found to be poor (all the results presented in the progress 

report submitted before for Phase 2) and hence excluded from the study. 
2. Enzymes involved lipid metabolism: Lipoprotein lipase and Lecithin cholesterol acyl 

transferase (LCAT) were not done. Method for lipoprotein lipase was found to give variable 

results. ELISA kits for lipoprotein lipase available in the market were found to be specific 

for human subjects and not for rats. The cost of LCAT kit which is to be imported could not 
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be accommodated in the grant released. However, a literature survey was done which 

revealed multiple pathways for atherosclerosis. Moreover, anti-hyperlipidaemic activity was 

found to be considered as the primary end point during evaluation of an anti-atherosclerotic 

drug rather than effect on individual enzyme (except for HMGCoA reductase). Hence these 

were selected as the parameter. 
3. Vascular anti-oxidative mechanisms: Rat aorta was insufficient to establish both, vascular 

MDA (lipo-peroxides) and GSH (anti-oxidative mechanism). Hence only vascular MDA 

assay was done from the excised aorta and GSH was measured from the liver and plasma. 

Liver is a rich source of GSH and can represent tissue GSH. 

4. Platelet activity and vascular responsiveness: These experiments were planned in 

atherosclerotic rabbits. However, it was decided to adopt humane approach and use 

alternative to animal experiments, which otherwise would have cost life of the rabbit.  The 

data was generated from human by studying the platelet activity in normal and 

hyperlipidaemic individuals and human tissue for vascular wall responsiveness. These 

findings can be extended to future clinical studies as data is from human only.  

5. Exploration of anti-inflammatory potential of 3 of the selected plant drugs and the 

combination of Plumbago zeylanicus and Phyllanthus emblica using standard models of 

inflammation: This part was not included in the proposal and grant given for he project was 

not used for the same. However, before undertaking specific yet costier in vitro studies for 

vascular inflammation, these simple pharmacological studies were undertaken. Two models 

of acute inflammation viz. caragennan induced paw edema and acetic acid induced 

peritonitis in mice were established and effects of selected IMPs and combination were 

evaluated. Based on these results, further in vitro study for vascular inflammation can be 

undertaken. 

6. Evaluation of anti-atherosclerotic effect of Terminalia arjuna using the rabbit model 

undertaken as per the request of Monitoring Committee. 

 
12. Experimental work giving the full details of experimental set up, methods adopted, data  
      collected supported by tables, charts, diagrams and photographs  
 

The entire study was carried out in three different phases to fulfill the individual objectives as 

mentioned in the protocol at the time of submission of the research scheme. 
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Phase 1 :  
 

Objective 1: To evaluate anti-atherosclerotic effect of some of the Indian medicinal Plants 

using an  experimental model of atherosclerosis induced by high cholesterol diet in rabbits. 

       
       The work of this phase was carried out three sub-phases  
  

1. Procurement of the standardized extracts of the selected Indian medicinal plants 

2. Establishment of experimental model of atherosclerosis induced by high cholesterol diet in 

rabbits. 

3. Evaluation of  anti-atherosclerotic effect of these Indian medicinal plants using the 

established model and comparing the effects with atorvastatin 

 

Phase 1.1: Procurement of the standardized extracts of the selected Indian medicinal            
plants 

 

The plants selected for the study are 

1. Plumbago zeylanica 

2. Phyllanthus emblica (earlier termed as Emblica officinalis) 

3. Cyperus rotundus 

4. Embelia ribes    

 

These plants are selected based on the information available about their pharmacological 

properties, their specific indications and uses described in Ayurvedic texts and also on the 

clues obtained from preliminary pharmacological work carried out at Ayurveda Research 

Centre of Department of Pharmacology & Therapeutics.  

 

The parts chosen were roots of Plumbago zeylanicus and Cyperus rotundus and dried fruits of 

Phyllanthus emblica and Embelia ribes. The authenticated, dried aqueous extracts of the plants 

were procured from Zandu Research Foundation, Mumbai. The specified parts used by Zandu 

Research Foundation, Mumbai and the extracts were re-verified in our laboratory.  The 

photographs of these plants and their parts used are depicted in the Fig. 1-8.  The extracts were 

preserved in the air-tight desiccators for the experimental studies.  



 5

Phase1.2: Establishing experimental model of atherosclerosis induced by high             

cholesterol diet in rabbits 

 
 

In this sub-phase, experiments were undertaken to induce hyperlipidemia and atherosclerosis in 

rabbits by using high cholesterol diet (2%) as described by Ozer, et al, 1998. 

 
 

Method  
 
       Animals 
 

Adult male New-Zealand strain rabbits with weight range from 1.5 – 2 Kg were used for the 

study. The animals were procured from Haffkine Bio-Pharma. Corp. Ltd., Mumbai. Twenty-

four rabbits were used for this part of the study. These rabbits were allocated to four groups. 

The animals in each of the groups were of comparable weight. One rabbit was housed per cage. 

They were housed under standard laboratory conditions with free access to food and water. 

  

Diet 

The animals were weaned off from the foliage diet and were fed with special diet either 

cholesterol enriched or normal procured in powdered form from M/s..Pranav Agro Industries 

limited, Pune. The compositions of the diet is as follows: 

 

                Ingredients                                                        Percentage in  

               Cholesterol enriched        Normal 

1.      Casein                                                           20.0%    20.0% 

2.      Hydrogenated Vegetable oil                          9.8%             5.0% 

3.      Cellulose                                                        4.0%                  4.0% 

4.      Salt mixture                                                    1.5%      1.5% 

5.      Cholesterol                 2.0%         - 

6.      Bile salt         0.2%         - 

 

The powders were mixed with distilled water and rolled freshly into pellets. The pellets 

weighing approximately 200gms were kept daily in each cage.  
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Experimental groups 
 

Twenty four rabbits were randomly allocated to four  groups as follows: 

Group A     (n=6) These animals were fed with normal diet for 28 days 

Group B     (n=6) These animals were fed with high cholesterol diet (2%) for 28 days 

Group C     (n=6) These animals were fed with normal diet for 45 days 

Group D     (n=6) These animals were fed with high cholesterol diet (2%) for 45 days 

 

Parameters assessed 

1. Lipid profile 

a. Lipid profile of Group A and B was assessed on day 0 and 29  

b. Lipid profile of Group C and D was assessed on day 0 and 46  

 

Blood samples for estimation of lipid levels were collected from marginal ear vein of the 

rabbits using scalp vein no.24. The blood samples were allowed to clot and sera were separated 

and stored at –20ºC till the analysis. The estimations were done within two days of the 

collection. 

 

  Assay of lipids (Burstein, et al, 1970; Allain, et al, 1974; Fossati, et al, 1982) 

 

From the serum samples, total cholesterol, triglycerides, and HDL cholesterol levels were 

estimated on an autoanalyser using ready to use biochemical kits. VLDL cholesterol levels 

were calculated by the Friedwald’s formula. i.e. by dividing the value obtained as triglycerides 

by 5 while LDL was calculated by subtracting the value of VLDL and HDL cholesterol from 

the total cholesterol. 

 

2. Histopathology of aorta and liver 

 

For histopathological examination, animals from Group A and B were sacrificed on day 29 and 

animals from Group C and D were sacrificed on day 46.  

 

Before sacrificing, the rabbits were anaesthetized using intravenous thiopental sodium in the 

dose of 16.3mg/kg. Midline incisions in the abdominal region were given and the 

intraperitoneal areas were accessed. Aorta was the first vessel to be isolated .The abdominal 
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aorta was identified and clamped. The heart was dissected and the ascending aorta was 

identified .It was traced downwards to separate the descending aorta. Whole of aorta was 

removed and separated into three parts.  

1) Ascending + arch of aorta 

2) Thoracic aorta 

3) Abdominal aorta 

The livers were also isolated and all the organs were preserved in 10% formalin-saline. The 

preserved tissues were then processed for histopathological examination. 

 

Cross sections of the aorta were prepared such that the whole of aorta was examined at a 

distance of about 3.0-4.0 mm interval. After sectioning, the the segments were embaded in 

paraffin block for peparing the slides. Cross sections of liver were also treated similarly to 

prepare the slides.  The slides were stained with hematoxylin and eosin. A pathologist who 

was blind to the various treatment groups examined the stained sections for any evidence of 

fatty deposition or atherosclerosis. 

 
The aortic lesions were graded as described by Mohan, 1998a.  

Grade 0  Normal  

Grade I  Fatty streaks 

Grade II Fibrofatty (atheromatous) plaque 

Grade III           Complicated plaque (calcified, ulcerated, thrombosed, haemorrhagic) 
 

The liver fatty changes were also graded as follows (Mohan, 1998b): 

Grade 0  Normal 

Grade I  Fatty vacuoles in the hepatocytes with mild involvement of hepatocytes 

Grade II Central vacuolation with nucleus shifted to the periphery with moderate       

                           involvement of hepatocytes 

         Grade III Extensive involvement of hepatocytes with fatty globules or fatty cyst    

                                    formation 

 

Results:  
 

1. Lipid profile 

Table 1 and Fig. 9-13 present lipid profile of the animals fed with normal & cholesterol 

enriched diet.   
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As seen from the Table 1, there was no significant change between the basal and the 29th day 

levels of serum lipids in the animals from group A receiving normal diet. The group B 

receiving high cholesterol diet exhibited a significant rise (p<0.01) in all the lipid parameters 

except HDL cholesterol. In the group C (comprising of rabbits maintained on normal diet for 

45 days) there was no significant change between the basal and the final levels of serum lipid 

profile.  

Table 1.: Lipid Profile  

Sr.
No. 

Serum 
levels of 

Normal diet 
(Gp.A) 

 

2% Ch. diet 
(Gp.B) 

Normal diet 
(Gp.C) 

2%Ch.diet  
(Gp.D) 

 (mg%) Day 0 Day 29 Day 0 Day 29 Day 0 Day 46 Day 0 Day 46 

1. Total- 
Ch  

78.66 
±10.59 

84.81NS 
± 12.10 

73 
±7.56 

584.98* 
 ± 77.37 

72.78 
±19.8 

85.37 NS 
± 15.23 

72.78 
±19.8 

1966.27*$  
± 71.32 

2. HDL-
Ch 

43.83 
±4.3 

44.62 NS 
 ± 5.32 

31.45 
±6.95 

37.07 NS 
± 10.4 

36.37 
±10.7 

48.72 NS 
± 9.4 

36.37 
±10.7 

39.38 NS 
± 7.33  

3. LDL-
Ch 

19.80 
±24.07 

24.09 NS 
 ± 8.04 

25.55 
±7.27 

519.13* 
 ± 83.84 

21.48 
±13.6 

30.37 NS 
± 17.52 

21.48 
±13.6 

956.83 *$ 
± 54.94 

4. VLDL  
Ch 

15.03 
±2.0 

14.32 NS 
 ± 1.4 

14.9 
±1.44 

37.83* 
± 7.77 

14.92 
±2.07 

15.32 NS 
± 2.70 

14.92 
±2.07 

36.58 * 
± 5.28 

5 TG  75.15 
±10.02 

71.62 NS  
± 7.17 

74.95 
±7.24 

189.18*  
± 38.86 

74.61 
±10.7 

70.03 NS 
± 5.97 

74.61 
±10.7 

182.9 * 
± 33.4 

Keys : Ch- cholesterol,  TG –Triglycerides 
All figures indicate Mean ± SD.; n = 6 per group 
Paired t test : * p< 0.01, NS - Not significant v/s corresponding Day 0 
Unpaired t test : Day 46 values of Gp D were significantly (p< 0.001) different than day 46 values of . GpC  
$ -p< 0.001 Gp D v/s Gp B corresponding final Day  

 

The values of lipids were found to be raised as compared to basal levels in rabbits from group 

D. No significant change was observed in HDL cholesterol levels of these rabbits. These 

animals also showed a highly significant increase (p< 0.001) in serum total and LDL 

cholesterol levels as compared to group B.  
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2. Histopathology of aorta and liver (Table 2 & 3; Fig. 14 & 15) 
 

None of the rabbits from group A and group C given normal diet showed any changes of 

atherosclerosis The histopathological examination of the aortas  of 4 animals from group B 

revealed Grade I  atheroscerotic changes (i.e. only fatty streaks) while rest 2  animals showed 

Grade II atheroscerotic changes. On the other hand, all 6 the animals from the group D 

developed Grade II atherosclerotic changes (Fibrofatty- atheromatous plaque) at the end of 45 

days.  

Table 2: Severity of Atherosclerotic lesions in aorta in each group 

Atherosclerotic 
change  

Normal diet 
for 28 days 

(Gp.A) 
n=6 

2% Ch. Diet 
for 28 days 

(Gp.B) 
n=6 

Normal diet 
for 45 days 

(Gp.C) 
n=6 

2%Ch. diet 
for 45 days 

(Gp.D) 
n=6 

Grade 0 6 0 6 0 

Grade I 0 4 0 0 

Grade II 0 2 0 6 

Grade III 0 0 0 0 
            Ch. – Cholesterol  

 

All the animals fed with the normal diet did not show any fatty changes in the liver. Livers of 

the 3 animals from group B (n=6) showed Grade I fatty changes while 2 showed Grade II 

changes. In one animal, Grade III damage was observed. Two of the animals from the group D 

developed Grade I fatty changes, while 4 of them showed Grade II fatty changes. 
 

Table 3: Severity of fatty changes in the liver  

Atherosclerotic 
change  

Normal diet 
for 28 days 

(Gp.A) 
n=6 

2% Ch. Diet 
for 28 days 

(Gp.B) 
n=6 

Normal diet 
for 45 days 

(Gp.C) 
n=6 

2%Ch. diet 
for 45 days 

(Gp.D 
n=6 

Grade 0 6 0 6 0 

Grade I 0 3 0 2 

Grade II 0 2 0 4 

Grade III 0 1 0 0 
 Ch. – Cholesterol 
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Inference from Phase 1.2   
 

The severity of atherosclerosis is dependent on the duration of administration of cholesterol 

rich diet. If fed for 45 days, all the rabbits exhibit fibrofatty atherosclerotic plaques (Grade II) 

in aorta with hyperlipidaemia. On the other hand, if fed for only 28 days as reported by Ozer, 

et al 1998 then inconsistent results were found- some rabbits having only fatty streaks while 

some with fibofatty plaques. One of the pre-requisites in selecting a model is its 

reproducibility in 100% animals. Hence, it was decided to feed the animals with cholesterol 

rich diet for 45 days in the subsequent experiments, while evaluating anti-atherosclerotic 

potential of plant drugs. 

 

Phase 1.3: To evaluate anti-atherosclerotic potential of the selected plant drugs  

Methodology 

Animals 
 

As per the protocol, forty two adult male New-Zealand strain rabbits with weight range from 

1.5 – 2.0 Kg were used for the study. These were allocated to seven groups and were housed 

under standard laboratory conditions with free access to food and water. 
 

Diet 

The animals were weaned off from the foliage diet and were fed with either cholesterol 

enriched diet or standard diet which was procured in powdered form from M/s.Pranav Agro 

Industries limited, Pune. The composition of the diet was as follows: 
           

Ingredients                                                        Percentage in  

         Cholesterol enriched        Normal 

1.      Casein                                                           20.0%    20.0% 

2.      Hydrogenated Vegetable oil                          9.8%      5.0% 

3.      Cellulose                                                        4.0%      4.0% 

4.      Salt mixture                                                    1.5%      1.5% 

5.      Cholesterol         2.0%         -   

6.      Bile salt          0.2%         - 
 

Both powders were kneaded with distilled water and rolled into pellets. Freshly needed pellets 

weighing approximately 200 gms were kept daily in each cage.  
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Test drugs 

All drugs were prepared as suspensions using 5% CMC and were administered orally using 

orogastric tubes. The control group received CMC in distilled water. The doses were 

extrapolated from the human dose. (Table 4) 

Table 4 :  Extractive values of plant drugs and  human and rabbit doses of crude drug. 

Plant Drug  
( Extractive value) 

Human dose (gm/d) Rabbit Dose ( mg/kg/day)* 
 

Plumbago zeylanica (15:1) 0.5-1 46.66 

Phyllanthus emblica (4:1) 3-6 280 

Cyperus rotundus  (7:1) 1-3 140 

Embelia ribes (20:1) 1-2 93.33 
*Rabbit dose  (expressed as mg of crude powder / kg/day) corresponds to the highest human dose.   

Atorvastatin was used as the positive control. The dose that was initially selected was 5 

mg/kg. Later on, due to high mortality in this group this dose was reduced to 3.75 mg/kg. This 

was extrapolated from human dose of atorvastatin which ranges from 10–80mg/day (Mahley 

and Bersot 2001).The total volume of suspension of all the drugs administered was 2ml/kg 

body weight.  
 

Experimental groups 
   

Animals were randomly allocated to following treatment groups 
 

1. Normal diet + distilled water containing CMC (DW) (n=6) 

2. High cholesterol diet (HCD)+ distilled water containing CMC (DW) (n=6) 

3. High cholesterol diet + Atorvastatin (n=6) 

4. High cholesterol diet + Plumbago zeylanica (n=6) 

5. High cholesterol diet + Phyllanthus emblica (n=6) 

6. High cholesterol diet + Cyperus rotundus   (n=6) 

7. High cholesterol diet + Embelica ribes  (n=6) 
 

Blood was collected from marginal ear vein for baseline estimation of lipid profile and 

homocysteine. After getting these reports, the treatment as specified above was started. While 

starting the therapy every day 4 animals were recruited in the study. A care was taken to see 

that they belong to different treatment groups. This strategy was adopted so that on the day of 

sacrifice of these animals, there would not be excess of load, which may affect the assessment 

of various parameters and at the same time the randomization plan would be maintained.     
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Efficacy variables 
 

Blood samples for estimation of lipid levels were collected from marginal ear vein of the 

rabbits using scalp vein no.23 on Day 0 and Day 46 of the diet/ drug administration. 
 

1. Lipid profile  

The blood samples were allowed to clot and sera were separated and stored at –20ºC till the 

analysis. The estimations were done within two days of the collection at NABL accredited 

Ranabaxy SRL, Mumbai (This was done to ensure quality of results). Reports of total 

cholesterol, triglycerides, VLDL cholesterol and HDL cholesterol levels were obtained. 

Levels of LDL cholesterol were calculated by subtracting the value of VLDL and HDL 

cholesterol from the total cholesterol using the Friedwald’s formula. 

 

2. Homocysteine 

The blood samples were collected in EDTA and plasma was separated and stored at –20ºC till 

the analysis. They were sent to M/s. Thyrocare Services, Mumbai for the estimation of plasma 

homocysteine by High Performance Liquid Chromatography (HPLC). 
 

3.  Gross and Histopathological assessment 

A. Histopathology of aorta, heart  and liver  

Before sacrificing, the rabbits were anaesthetized using intravenous thiopental sodium in the 

dose of 16.3mg/kg. Midline incisions in the abdominal region were given and the 

intraperitoneal areas were accessed. Aorta was the first vessel to be isolated. The abdominal 

aorta was identified and clamped. The heart was dissected and the ascending aorta was 

identified. It was traced downwards to separate the descending aorta. Whole of aorta was 

removed and separated into three parts.  
 

1) Ascending aorta  and  arch of aorta 

2) Thoracic aorta 

3) Abdominal aorta 
 

The livers were also isolated and all the organs were preserved in 10% formalin-saline. The 

preserved tissues were then processed for histopathological examination. 
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Cross sections of the aorta were prepared such that the whole of aorta was examined at a 

distance of about 3.0-4.0 mm interval. After sectioning, the the segments were embaded in 

paraffin block for peparing the slides. Cross sections of liver were also treated similarly to 

prepare the slides.  The slides were stained with hematoxylin and eosin. A pathologist who 

was blind to the various treatment groups examined the stained sections for any evidence of 

fatty deposition or atherosclerosis. 

 
The aortic lesions were graded as described by Mohan, 1998a.  

Grade 0  Normal  

Grade I  Fatty streaks 

Grade II Fibrofatty (atheromatous) plaque 

Grade III           Complicated plaque (calcified, ulcerated, thrombosed, haemorrhagic) 

The liver fatty changes were also graded as follows (Mohan, 1998b): 

Grade 0  Normal 

Grade I  Fatty vacuoles in the hepatocytes with mild involvement of hepatocytes 

Grade II Central vacuolation with nucleus shifted to the periphery with moderate       

                           involvement of hepatocytes 

         Grade III Extensive involvement of hepatocytes with fatty globules or fatty cyst 

formation 

 

B. Morphometirc image analysis of aorta  

The sections of diiferent segments of the aorta i.e.acsending aorta including arch, descending 

thoracic aorta and abodominal aorta were stained with hematoxylin and eosin and analysed 

using dual screen version of an image analyzing software (AnalySIS). 

The image from the microscope for image anlysis was viewed on the screen of image 

analyzing equipment at a magnification of 4Xobjective X100 (original X 100).  

The contours of lumen, internal elastic lamina and areas of atherosclerotic lesion were traced. 

The tracings were digitalized on the computer.  

 

Quantification of extent of atherosclerosis (Weiner et al, 1986) 

The extent of atherosclerosis was quantified in the blinded fashion. 

The atherosclerotic lesion area was defined as the area bounded by the lumen and the interal 

elastic lamina .The ideal lumen area for each section was calculated from the perimeter of the 
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internal elastic lamina. The areas of atherosclerotic lesion were digitized individually at a 

magnification of 4 X objective X100. 

 

The mean lesion area and % of mean luminal encroachment were calculated as follows:  

 

 

 

 

 

 

 

 

Statistical Analysis: 

Stastical analysis was done using the SPSS package (version 7.5 for Windows) 

Student’s paired‘t’ test was used to compare basal and final values of the parametric data 

within the same group and unpaired ‘t’ test was used to compare values between two different 

groups. For comparision of parametric data between multiple groups, one-way ANOVA 

(analysis of variance) was used; if sifgificance was detected by ANOVA, schiff’s test was 

used to find out which group differed siggificantly. The histopathological data was compared 

using chi square test. A p value of p<0.05 was considered as significant.   
 

Results  

On the 46th day all the animals were weighed. Changes in the weight are presented below. 
  

Table 5 : Weight of the rabbits ( Kg) 

Groups Day 0 Day 46 

Normal diet + DW 1.66 ± 0.2 1.5 ± 0.04 

High Cholesterol  diet (HCD) + DW 1.63 ± 0.18 1.63 ± 0.18 

HCD + Atorvastatin 2 ± 0.35 1.75 ± 0.22 

HCD +  Plumbago zeylanica 1.88 ± 0.32 1.63 ± 0.43 

HCD + Phyllanthus emblica  1.98 ± 0.28 2 ± 03.25 

HCD + Cyprus rotundus 1.94 ± 0.43 1.81 ± 0.24 

HCD + Embelia ribes 1.91 ± 0.31 1.95 ± 0.14 
 

Sum of the lesion areas of all the sections of a vessel 
Number of sections per vessel 

Mean lesion area/vessel =    

 Sum of the ideal lumen area of all the sections of a vessel 
Number sections per vessel 

Mean lumen area    = 

Mean lesion area of vessel       X 100 
Mean lumen area of vessel 

% of mean luminal encroachment =          
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No statistically significant change was observed in the weight of the animals at the end of 45 

days. 

 

2. Lipid profile  
 

Blood was collected and the lipid profile was studied (Data presented in Tables and Fig.16-21) 
 

All animals except those receiving normal diet showed a significant increase in total 

cholesterol levels as compared to baseline. The mean total cholesterol levels of animals 

receiving atorvastatin (1307.5 ± 478.93mg %) and Phyllanthus emblica (1440.83 ± 496.05mg 

%) were significantly less (p< 0.05)  respectively as compared with those receiving only 

HCD (2065.67 ± 466.9 mg %). In fact, the mean total cholesterol level of Phyllanthus 

emblica (1440.83 ± 496.05 mg%) was comparable to that of atorvastatin (1307.5±478.93mg 

%).However, animals receiving Plumbago zeylanicus, Cyprus rotundus and Embelia ribes did 

not show a lowering of the total cholesterol levels and these were comparable with those 

receiving only HCD. 

 
Table 6: Serum Total Cholesterol levels (mg%) 
 

Groups   Day 0 # Day 46 

Normal diet  (ND) + DW 49.99±0 51.36± 2.09 # 

High Cholesterol  diet (HCD) + DW 49.99±0 2065.67± 466.9# $ 

HCD + Atorvastatin 49.99 ± 0 1307.5± 478.93# $* 

HCD +  Plumbago zeylanica 49.99 ± 0 1905.5± 754.61# $ 

HCD + Phyllanthus emblica  49.99 ± 0 1440.83± 496.05#* 

HCD + Cyperus rotundus 49.99 ± 0 2326.83± 903.52# 

HCD + Embelia ribes 49.99 ± 0 2528± 1165.75# 
            n=6 ;  All values represent  Mean ± SD 
            # The minimum value of S. Cholesterol that could be measured was 50 mg%. Hence if  S. cholesterol was below     
               the measurable range, 49.99 mg% was taken as the Day 0 value. 
            Paired t test: # p<0.001 day 46 values of all gps v/s day 0 values of corresp. Gp  
            Unpaired t test: $ p<0.001 day 46 values of all gps v/s day 46 values of ND+DW Gp  
            ANOVA followed by Schiff test : * p< 0.05 when compared with HCD +  DW Gp 

  

There was a significant increase in triglyceride (TG) levels in drug treated groups as 

compared to baseline levels as well as when compared with animals receiving normal diet. 

Further, there was no significant difference in triglyceride levels in drug treated groups as 
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compared with that of animals receiving only HCD.  Thus none of the drugs prevented the 

increase in triglyceride levels 
 

Table 7: Serum Triglyceride levels (mg%) 

Groups   Day 0  Day 46 

Normal diet  (ND) + DW 57.56±20.08 92.83±34.24# 

High Cholesterol  diet (HCD) + DW 78.67±82.74 339±108.49# $ 

HCD + Atorvastatin 50.83±5.98 321.67 ± 117.55#$NS 

HCD +  Plumbago zeylanica 61.5±17.66 275.83±217.1#$ NS 

HCD + Phyllanthus emblica  56±22.17 241.5±167.51#$ NS 

HCD + Cyperus rotundus 57.33±11.78 560.17 ± 471.3#$ NS 

HCD + Embelia ribes 63.83±50.94 530.6 ±  492.03#$ NS 
 n = 6 ; All values represent  Mean ± SD 

            Paired t test: # p<0.01 day 46 values of all gps v/s day 0 values of corresp. Gp  
            Unpaired t test: $ p<0.05 day 46 values of all gps v/s day 46 values of ND+DW Gp  
            ANOVA followed by Schiff test : NS  Non significant  day 46 values v/s HCD +  DW Gp 

 

There was a significant increase in LDL cholesterol levels in drug treated groups as 

compared to baseline levels as well as when compared with animals receiving normal diet. 

The LDL cholesterol levels of animals receiving atorvastatin (1003.92 ± 498.81mg %) was 

significantly lower when (1793.9±459.74 mg %) (p< 0.05).  None of the other drug treated 

groups showed a significant decrease in LDL-cholesterol levels as compared with the animals 

receiving only HCD. Thus only atorvastatin was effective in reducing LDL cholesterol levels. 
 

Table 8 : Serum LDL Cholesterol levels (mg%) 

Groups   Day 0  Day 46 

Normal diet  (ND) + DW 19.61±9.25 21.00±10.28# 

High Cholesterol  diet (HCD) + DW 19.52±10.99 1793.9±459.74#$ 

HCD + Atorvastatin 23.97±4.89 1003.92±498.81#$* 

HCD +  Plumbago zeylanica 18.69±8.04 1626.33±639.95#$ NS 

HCD + Phyllanthus emblica  25.79±11.76 1243.77±439.59#$ NS 

HCD + Cyperus rotundus 24.35±5.11 1913.73±743.45#$ NS 

HCD + Embelia ribes 23.55±12.56 2160.4±1070.87#$ NS 

              n = 6; All values represent  Mean ± SD 
  Paired t test: # p<0.01 day 46 values of all gps v/s day 0 values of corresp. Gp  

            Unpaired t test: $ p<0.01 day 46 values of all gps v/s day 46 values of ND+DW Gp  
            ANOVA followed by Schiff test : * p< 0.05, NS Non significant  day 46 values v/s HCD +  DW Gp 
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Similarly there was a significant increase in VLDL cholesterol levels in drug treated groups 

as compared to baseline levels as well as when compared with animals receiving normal 

diet. Further, there was no significant difference in VLDL levels in drug treated groups as 

compared with that of animals receiving only HCD.  Thus none of the drugs including 

atorvastatin was effective in reducing VLDL cholesterol levels. 

 

Table 9 : Serum VLDL- Cholesterol levels (mg%) 

Groups   Day 0  Day 46 

Normal diet  (ND) + DW 11.51±4.02 18.57±6.85* 

High Cholesterol  diet (HCD) + DW 10.3±4.73 67.8±21.7*# 

HCD + Atorvastatin 10.17±1.2 64.33±23.51*#NS 

HCD +  Plumbago zeylanica 12.3±3.53 55.17±43.42*#NS 

HCD + Phyllanthus emblica  11.2±4.43 48.3±33.5*#NS 

HCD + Cyperus rotundus 11.47±2.36 112.03±94.26**#NS 

HCD + Embelia ribes 12.77±10.19 86.12±57.01*#NS 

             n = 6; All values represent  Mean ± SD 
  Paired t test: : * p< 0.05 , * p< 0.01 day 46 values of all gps v/s day 0 values of corresp. Gp  

            Unpaired t test: # p< 0.05 day 46 values of all gps v/s day 46 values of ND+DW Gp  
            ANOVA followed by Schiff test : NSNon significant day 46 values v/s HCD +  DW Gp 

 

Table 10 : Serum HDL Cholesterol levels (mg%) 

Groups   Day 0  Day 46 

Normal diet  (ND) + DW 18.87 ± 8.57 10.67 ± 2.94$ 

High Cholesterol  diet (HCD) + DW 20.17 ± 6.85 202.5 ± 38.69$# 

HCD + Atorvastatin 15.83 ± 4.83 239.33 ± 52.25$#NS 

HCD +  Plumbago zeylanica 19 ± 5.66 224  ± 92.37$#NS 

HCD + Phyllanthus emblica  16 ± 8.79 148.83 ± 76.02$#NS* 

HCD + Cyperus rotundus 14.17 ± 3.92 301 ± 137.55$#NS 

HCD + Embelia ribes 13.67 ± 7.71 241.4 ± 81.04$#NS 

             n = 6; All values represent  Mean ±  SD 
  Paired t test: : $ p< 0.01 day 46 values of all gps v/s day 0 values of corresp. Gp  

            Unpaired t test: # p< 0.01 day 46 values of all gps v/s day 46 values of ND+DW Gp  
            ANOVA followed by Schiff test : NSNon significant day 46 values v/s HCD +  DW Gp  
                                                                   * p< 0.05 day 46 values of all gps v/s day 46 values of Atorvastatin  group 
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All drug treated groups showed a significant increase in HDL cholesterol levels as compared 

to baseline levels. This rise was comparable to that of atorvastatin except in animals treated 

with Phyllanthus emblica wherein the HDL cholesterol level was less than that of atorvastatin 

group (p<0.05). 

 

The ratio of total cholesterol to HDL cholesterol is depicted in table 11. The ratio was higher 

in HCD group.Atorvastatin reduced it and so also all the drugs except Embelia ribes.  

Table 11 : Serum Total Ch: HDL-Ch ratio 

Groups   Day 0  Day 46 

Normal diet  (ND) + DW 2.65 : 1   4.81 : 1 

High Cholesterol  diet (HCD) + DW 2.47 : 1 10.23 : 1 

HCD + Atorvastatin 3.16 : 1   5.46 : 1 

HCD +  Plumbago zeylanica 2.63 : 1   8.5   : 1 

HCD + Phyllanthus emblica  3.12 : 1   9.7   : 1 

HCD + Cyperus rotundus 3.53 : 1   7.7   : 1 

HCD + Embelia ribes 3.66 : 1 10.47 : 1 

 
 
2. Homocysteine 

Table 12 : Serum Homocysteine  levels (μM/L ) 

Groups   Day 0 # Day 46 

Normal diet  (ND) + DW 16.18±7.19 19.77±9.46 

High Cholesterol  diet (HCD) + DW 23.97±11.23 18.73±6.05 

HCD + Atorvastatin 20.71±12.02 25.77±10.68 

HCD +  Plumbago zeylanica 26.26±3.17 26.35±9.96 

HCD + Phyllanthus emblica  24.56±7.79 21.2±6.96 

HCD + Cyperus rotundus 20.74±8.09 23.49±7.62 

HCD + Embelia ribes 23.69±8.01 17.51±4.67 

   n = 6; All values represent  Mean ± SD 
   Paired t test : All the day 46 values were not significantly  different than day 0 values of corresp. Gp  
Unpaired t test : Day 46 values of all gps were not significantly different than day 46 values of ND+ DW Gp 
ANOVA followed by Schiff test :  No significant diffrence between values of drug treated Gp and HCD +  DW Gp  
 

Neither high cholesterol diet nor drug treatment caused a significant change in the plasma 

homocysteine levels (Fig.22).
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3. Histopathological assessment  

 

A. Histopathology of aorta, heart and liver  

 
Table 13 and Fig. 23 show the number of animals each group, showing different grades of 

atherosclerotic lesions in aorta. 

 
Table 13:  Number of animals showing lesions in aorta 
Group/ Grade    Grade 0 Grade I Grade II Grade III 

Normal diet + DW          6         0          0          0 

High Cholesterol  diet (HCD) + DW         0         0          5          1 

HCD + Atorvastatin         0         0          6          0 

HCD +  Plumbago zeylanica         0         0           6           0 

HCD + Phyllanthus emblica          0         0          4          2 

HCD + Cyperus rotundus         0         0          6          0 

HCD + Embelia ribes         0         0          5          1 
         

 
In the group the fed with normal diet + DW, none of the animals out of the 6 showed 

atherosclerotic lesions. In high cholesterol diet + DW group, 5 animals showed grade II 

lesions, 1 animal showed grade III lesions. The groups treated with atorvastatin, Plumbago 

zeylanica and Cyperus rotundus, all the six animals in the respective groups showed grade II 

atherosclerotic lesions in the aorta. The Phyllanthus emblica treated group, had 4 animals with 

grade II aortic atherosclerotic lesions and 2 animals had grade III lesions. The 6 animals 

treated with Embelia ribes, 5 showed grade II atherosclerotic lesions in the aorta while 1 

animal had grade III lesions. 

 
Incedence of atherosclerosis in different segments of aorta in animals treated with Indian 

medicinal plants and atorvastain is depicted in the Table 14 and Fig.24-27. 

 

From Table 14 and Fig.24 - 27, it can be seen that none of the animals in group receiving 

normal diet and distilled water showed development of attheroscelortic plaque.In high 

cholesterol diet with distilled water group, the incidence of atherosclerosis in ascending aorta 

and aortic arch was 82.4%; thoracic aorta was 64% and in abdominal aorta was 31.2 %. The 

incidence of complicated plaques in ascending aorta and aortic arch was 5.9 %. The animals 

treated with high cholesterol diet with atorvastatin showed minimal incidence with 33.3% 
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plaques in ascedining aorta and aortic arch but had no atherosclerosis in thoracic and 

abdominal segemnets. 

 

Table 14 : % incidence of atherosclerotic lesion  in aorta  

Groups            Aortic arch       Thoracic Aorta      Abdominal Aorta 

 N Small Ext Comp N Small Ext Comp N Small Ext Comp

ND 100 - - - 100 - - - 100 - - - 

HCD 17.64 29.41 47.07 05.88 36.00 64.00 - - 68.75 31.25 - - 

Atorva 66.66 33.33 - - 100 - - - 100 - - - 

Pz     47.62 33.33 19.64 - 80.00 20.00 - - 75.00 25.00 - - 

Pe     53.85 07.69 34.63 03.84 69.69 09.69 - 21.20 81.10 18.90 - - 

Cr 40.00 40.00 20.00 - 84.00 16.00 - - 79.00 21.00 - - 

Er 50.00 10.00 40.00 - 57.89 - - 42.11 84.21 15.79 - - 
N =  normal; Small = small plaque; Ext = Extensive plaque;Comp = Complicated plaque 

     ND= Normal diet+ DW;    HCD= High cholesterol diet + DW; Atorva=Atorvastatin 
     Pz=Plumbago zeylanica;Pe=Phyllanthus emblica;Cr=Cyperus rotundus;Er=Embelia ribes;  

 
Group of animals treated with Plumbago zeylanica had 52% incidence of atherosclerosis in 

ascending aorta and aortic arch, 20% incidence in thoracic aorta and 25% incidence in 

abdominal aorta.In group fed with high cholesterol diet with Phyllanthus emblica, the 

incidence of atherosclerosis in ascending aorta and aortic arch was 46.2% of which 3.8% of 

plaques were complicatd while incidence in thoracic aorta was 30.4% and in abdominal 

aorta was 18.9%. The incidence of atherosclerotic plaques in   ascending aorta and aortic 

arch in group fed cholesterol diet and Cyperus rotundus was 60%, in thoracic aorta was 16% 

and in abdominal aorta the incidence was 21%.Group fed with cholesterol diet and Embelia 

ribes showed 50% incidence of plaques in ascending aorta and aortic arch. Thoracic and 

abdominal segments showed icidence of 42.1% and 15.8% respectively.  

 

Histopathology of heart: 

 

Histopathology of heart was normal in all the groups except in in group 2 receiving 

cholesterol diet and distiiled water where 2 out of six animals showed the presence of 

atherosclerotic plaques in the coronaries. 
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Histopathology of liver (Table 15 and Fig.28) 

 

None of the animals from group fed with normal diet and DW showed any evidence of fatty 

changes in liver. Group fed with high cholesterol  diet + DW showed significant fatty changes 

when compared with group fed with normal diet and DW wherein , out of animals in grpup 2, 

4 animals in group fed with high cholesterol  diet + DW showed grade III fatty changes and 2 

animals showed grade II fatty changes in the liver.  

 

Table 15 : Histopathology  - Grading of fatty changes in liver 

Group/ Grade Grade 0 Grade I Grade II Grade III 

Normal diet + DW          6          0            0        0 

High Cholesterol  diet (HCD) + DW *          0          0            2        4 

HCD + Atorvastatin          0         4            2        0 

HCD +  Plumbago zeylanica          0           0            4        2 

HCD + Phyllanthus emblica           0          2           2              2 

HCD + Cyperus rotundus          0          3            3        0 

HCD + Embelia ribes          0          1            2        3 
n = 6 in each grp 
Chi squqre test: p<0.05 versus Normal diet + DW 
 

In atorvastatin group, 4 animals showed grade I, 2 animals showed grade II where as none of 

the animlas showed grade III fatty changes. Though the incidence was less than that of group 

fed with high cholesterol diet + DW, it wasnot statistically significant. 
  
All drug treated animals showed development of fatty change but this was not statistically 

significant as compared to group fed with high cholesterol diet + DW. In group treated with 

Cyperus rotundus, 3 animals each showed grade I and grade II fatty change but none of the 

animals showed grade III changes. Rest of the drug treated groups showed fatty changes as 

depicted in table 15. 
 

  
B. Morphometirc image analysis of aorta  

 

1. Mean plaque area  

Table 16 and Fig 29, depicts the values of mean plaque areas of aorta of diiferent groups. 

Mean plaque area of animals fed with high cholesterol diet and distilled water was 
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0.331±0.104 mm2
. Animals in groups treated with Cyperus rotundus, Plumbago zeylanica and 

atorvastatin showed significantly (p<0.05) lower mean plaque area when compared to high 

cholesterol diet and distilled water group. On the other hand, Animals in groups treated with 

Phyllanthus emblica and Embelia ribes were comparable with mean plaque area of high 

cholesterol diet and distilled water group.  Further, the mean plaque area in groups treated 

with Cyperus rotundus and Plumbago zeylanica were comparable to mean plaque area of 

atorvastatin treated group.  

 

Table 16 : Effect on mean plaque area (mm2) 

Group (n=6) mean plaque area (mm2) 

Normal diet + DW 0 

High Cholesterol  diet (HCD) + DW 0.331±0.104 

HCD + Atorvastatin 0.020±0.027* 

HCD +  Plumbago zeylanica 0.045±0.025* 

HCD + Phyllanthus emblica  0.140±0.148 NS 

HCD + Cyperus rotundus 0.083±0.066* 

HCD + Embelia ribes 0.155±0.121 NS 
   n = 6; All values represent Mean ± SD 

        ANOVA followed by Schiff test * p< 0.05, NS Non significant v/s HCD+DW group 
 

2. % of  mean luminal enchrochment of aorta by atherosclerotic plaque (Fig 30-32) 
 

Table 17: Effect on %  mean luminal enchrochment of aorta by atherosclerotic plaque  

Group (n=6) 
Ascending 
aorta+Arch of 
Aorta 

Descending 
aorta 

Abdominal 
Aorta 

Normal diet + DW          0          0          0 

High Cholesterol  diet (HCD) + DW 17.07±7.05   1.64±1.62   3.43±2.1 

HCD + Atorvastatin   2.06±.2.04*          0          0 

HCD +  Plumbago zeylanica   4.88±4.8*NS1   0.09±0.07 NS   0.22±0.21* 

HCD + Phyllanthus emblica    7.51±4.78 NS   0.53±0.52 NS   0.35±0.34* 

HCD + Cyperus rotundus   5.65±5.43* NS1   0.38±0.36 NS   0.60±0.51* 

HCD + Embelia ribes   7.94±5.84 NS   1.20±1.19 NS   0.74±0.67* 
         n = 6; All values represent  Mean ± SD 

 ANOVA followed by Schiff test * p< 0.05,  NS Non significant  V/s HCD +  DW group  
                                                           NS1 Non significant V/s Atorvastatin group 
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Percentage of mean luminal enchrochment of ascending aorta and arch of aorta by 

atherosclerotic plaque was 17.07±7.05 in the animals treated with HCD. Animals treated with 

Cyperus rotundus, Plumbago zeylanica and atorvastatin showed a significantly (p<0.05) lower 

percentage of mean luminal enchrochment of ascending aorta and arch of aorta by 

atherosclerotic plaque when compared with group treated HCD. Percentage of mean luminal 

enchrochment of ascending aorta and arch of aorta by atherosclerotic plaque in group treated 

with Phyllanthus emblica and Embelica ribes were lower than that of HCD group but 

difference was not statistically sifgificant. 
 

No significant difference was observed when percentage of mean luminal enchrochment of 

ascending aorta and arch of aorta by atherosclerotic plaque of group reated with Cyperus 

rotundus and Plumbago zeylanica was compared with that group treated with atorvastatin.  

 

Percentage of mean luminal enchrochment of descending thoracic aorta in animals treated wit 

HCD was 1.64±1.62. None of the animals in group treated with atorvastatin showed any 

evidence of plaque in desscending thoracic aorta. All drug treated groups especially Cyperus 

rotundus and Plumbago zeylanica showed lower percentage of mean luminal enchrochment of 

desscending thoracic aorta. However, it was not statistically significant when compared to 

group treated with HCD. 
 

Animals treated with all the four plant drugs showed significantly (p<0.05) lower percentage 

of mean luminal enchrochment of abdominal aorta by plaque when compared to group treated 

with HCD. Anumals treated with atorvastatin did not show the presence of plaque in the 

abdominal aorta. 
 

Inference from Phase 1.3:  

Atorvastatin exhibited both anti-atherosclerotic as well as anti-hyperlipidemic effect. All the 

four plants showed anti-atherosclerotic potential. Amongst them, Plumbago zeylanica and 

Cyperus rotundus showed anti-atherosclerotic effect comparable to atorvastatin. Of these two, 

Plumbago zeylanica was better drug. 
 

In spite of anti-atherosclerotic effect, the effects of these plants on hyperlipidaemia were 

variable. Only Phyllanthus emblica prevented rise in total cholesterol levels significantly 

whereas both Phyllanthus emblica and Plumbago zeylanica showed a trend to decrease serum 

trigycerides and VLDL-C. Thus, the anti-atherosclerotic effects of these plants do not appear 
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to be linked with anti-hyperlipidemic effect. Reduction in fatty infiltration was more in group 

treated with Cyperus rotundus.   
 

No change in plasma total homocysteine levels was observed in any of the animals even after 

induction of atherosclerosis. None of the study drugs had any effect on these levels. 
 

Hence our next objective was to explore their possible mechanism of action. 

 

Phase 2 :  
 

Objective 2: To investigate possible mechanisms of action of the plants showing beneficial 

effects by studying their effects on various pathogenic pathways. 

       
To meet this objective, 3 experiments in 3 sub-phases were planned as shown below:  
 

1. To study activity of enzymes involved in lipid metabolism, which leads to hyperlipidemia 

2. To study LDL cholesterol oxidation and anti-oxidative mechanisms of body 

3. To study abnormal platelet activity and endothelial wall responsiveness. 
 

Initially standardization experiments were undertaken for establishing lipid profile in SD rats 

and developing models of endogenous and exogenous hyperlipidaemia with ethanol and 

hyperlipidemic diet respectively. 
 

Development and Standardization of Methods and Models 
 

1. Standardisation of methods for estimation of lipids and deriving normal values of lipid 

profile for rats  
 

Lipid profile estimation 

As the project involved study of lipid profile in rats, initially methods were standardized for 

estimation of lipids. For this, blood samples were collected from retro-orbital sinus of the SD 

rats. The blood samples were allowed to clot and sera were separated and analyzed 

immediately. Cholesterol, triglycerides and HDL-cholesterol were estimated using semi-

autoanalyser and ready to use kits. LDL - Cholesterol and VLDL - Cholesterol values were 

calculated by Friedwald's formulae. The results of lipid profile obtained are given in Table 18. 

This data was generated in our laboratory after enrolling for external quality assurance 

services  by Bio-Rad Laboratories , USA. 
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Results 

Table 18: Lipid profile in Normal rats  

 Cholesterol 
(mg %) 

HDL 
(mg %) 

LDL 
(mg %) 

VLDL 
(mg %) 

TG 
(mg %) 

Mean  

± SD 

65.40 

 ± 19.56 

33.70 

 ± 19.06 

18.54  

± 9.93 

13.16 

 ± 6.70 

65.81  

± 33.52 

Range (35-100) (6-70) (6-50) (5-30) (20-150) 

N=25; Values are expressed as Mean ±SD 

        2. Development of endogenous hypercholesterolemia in rats using ethanol. 
 

A. Development of endogenous hypercholesterolemia in rats by feeding 18 % Ethanol  
                   equivalent to 3.76gm/Kg; orally, twice daily for 45 days.  
 

Experimental Animals 

Male SD rats with weight range from 100-150 gms were used for the study. Twelve rats were 

used for this study. They were housed under standard laboratory conditions with free access to 

food and water. They were administered 18 % Ethanol equivalent to 3.76gm/Kg; orally, twice 

daily (10am and 2pm). Twice daily dose was given to split the volume to be administered. 

Blood samples for estimation of lipid levels were collected from retro-orbital sinus of the rats 

after 18 hours of fasting on Day 0 and Day 45 of the ethanol administration. The blood 

samples were allowed to clot and sera were separated and analyzed immediately. Cholesterol, 

triglycerides and HDL-cholesterol were estimated using semi-autoanalyser. LDL - Cholesterol 

and VLDL - Cholesterol values were calculated by Friedwald's formulae.The results are 

depicted in Table 19 
 

Results 

Table 19:  Lipid profile after 45 days feeding with 18 % Ethanol  

 Basal Final % change  
Cholesterol (mg 
%) 

98.05  
± 22.08 

62.54  
± 7.15** 

-34.31 
 ± 12.19 

LDL (mg %) 49.47  
± 21.46 

27.47  
± 6.48* 

-35.75  
± 31.39 

TG (mg %) 67.24  
± 17.95 

103.17  
± 27.02* 

62.24  
± 55.56 

VLDL (mg %) 13.45  
± 3.59 

20.62  
± 5.39* 

62.13  
± 55.31 

HDL (mg %) 35.13  
± 4.82 

14.44  
± 8.59** 

-56.93 
 ± 27.62 

N=7; All the values are expressed as Mean ± SD 
Students paired t test  :*p<0.05, **p<0.001 final values versus  basal 
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As shown in the Table, administration of ethanol significantly increased the triglyceride and 

VLDL levels and reduced HDL levels but there was a decrease in cholesterol and LDL levels.  

Thus this amount and concentration of ethanol failed to produce endogenous 

hypercholesterolemia in SD rats. Hence, higher concentration was tested in another group of 

animals using rising dose levels. These rats were fed 20 % Ethanol twice daily for 45 days and 

4 dose levels viz. 5.5, 6, 6.5 and 7 gm/kg. 

 

B. Development of endogenous hypercholesterolemia in rats by feeding 20 % Ethanol  
               equivalent to 5.5, 6, 6.5 and 7 gm/kg.; orally, twice daily for 45 days.  
 

Experimental Animals 

Male SD rats with weight range from 100-150 gms were used for the study. The animals were 

procured from Raj Udyog; Pune and NIN; Hyderabad. Twenty-four rats were used for this 

study. These rats were allocated to four different groups having six animals in each group. 

They were housed under standard laboratory conditions with free access to normal diet and 

water. 

 

Experimental groups 

Animals were randomly allocated to following treatment groups 

1. 20% Ethanol equivalent to 5.5gm/Kg; orally, twice daily 

2. 20% Ethanol equivalent to 6 gm/Kg; orally, twice daily 

3. 20% Ethanol equivalent to 6.5gm/Kg; orally, twice daily 

4. 20% Ethanol equivalent to 7 gm/Kg; orally, twice daily 

The above treatment was given twice, i.e. 10am and 11am, daily for 45days.   

 

Results 

100% mortality was observed in Gps 2 -4. In Gp 1 50 % mortality was observed. In this group 

estimation of lipid profile was done on weekly basis. Additional animals were recruited to get 

data of 6 animals.  

 

Decrease in Total and HDL cholesterol as well as triglycerides occurred in the first week itself 

and thereafter the levels were maintained low till 35th day of experiment. An increase was 

observed on 46th day of experiment as compared 35 days of treatment. However, these levels 
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were comparable to levels on day 0. A significant fall in HDL level was observed from 1st 

week and persisted throughout. 

 

Table 20: Lipid profile after feeding of 20 % Ethanol (5.5 gm / kg) 

Parameters Basal 7th day 14th day 21st day 28th day 35th day 45th day 

Cholesterol 
(mg %) 

65.55  
± 9.19 

57.04  
± 1.36 

53.32  
± 1.49 

65.05  
± 1.55 

60.90  
± 3.71 

57.74  
± 9.43 

66.61  
± 7.98 

LDL 
(mg %) 

20.11 ± 
2.26 

25.36 ± 
7.40** 

26.81 ± 
6.48* 

34.52  
± 8.13 

28.17  
± 10.60 

29.86  
± 8.92 

28.89  
± 18.56 

TG 
(mg %) 

81.79 ± 
5.17 

80.85 ± 
7.89 

78.65 ± 
8.75 

47.53  
± 3.08 

42.53 
 ± 17.84 

40.35  
± 12.13 

91.52  
± 64.51 

VLDL 
(mg %) 

16.36 ± 
7.04 

16.17 ± 
7.58 

15.73 ± 
9.75 

9.51  
± 2.62 

8.51  
± 3.57 

8.07  
± 2.43 

18.30  
± 12.90 

HDL 
(mg %) 

29.08 ± 
5.89 

19.25 ± 
8.27** 

10.78  
± 4.53**

21.03  
± 9.07***

24.23 
 ± 11.95* 

19.81  
± 6.55* 

19.41  
± 8.51 

N=6; ;  All the values are expressed as Mean ±  SD 
*p<0.05, **p<0.01,***p<0.001. Comparisons done between final and basal levels using Students paired t test.  
 

 

The results obtained from this part of the study reflected that the reproducibility and reliability 

of ethanol induced hyperlipidaemia is poor. Hence it was decided to exclude this model. 

 

3. Development of exogenous hypercholesterolemia in rats using high cholesterol diet  

Various experiments were performed to standardize this model as given below.  

 

Experimental Animals 

Male SD rats with weight range from 100-150 gms were used for the study. The animals were 

procured from Raj Udyog; Pune and NIN; Hyderabad. Twelve rats were used for this study. 

These rats were allocated to two groups. They were housed under standard laboratory 

conditions with free access to food and water. 

 

Diet 

Both normal diet as well as 2 % high cholesterol was procured from M/s. Pranav Agro 

Industries Limited, Pune. The ingredients of the diet are as follows: 

 

 

 



 28

Table 21: Dietary composition of Normal and Cholesterol enriched diet for rats 

No. Ingredients Percentage in 

  Cholesterol enriched Normal 

1 Carbohydrates (Wholesome 
wheat and wheat bran ) 62.5 69.5 

2 Casein 20.0 20.0 

3 Hydrogenated Vegetable oil 9.8 5.0 

4 Cellulose 4.0 4.0 

5 Salt mixture 1.5 1.5 

6 Cholesterol 2.0 0.0 

7 Bile salt  0.2 0.0 
 

The normal diet was supplied by the vendor was in the pellet form while high cholesterol diet 

in the powder form. The powder of high cholesterol diet was mixed with distilled water and 

rolled freshly into pellets weighing approximately 20gms. Sufficient numbers of pellets were 

kept daily in each cage considering the average consumption of food per rat as 20gms.  

 

Blood samples for estimation of lipid levels were collected from retro-orbital sinus of the rats 

after 18 hours of fasting on Day 0 and at the end of specified time of diet administration. 

 

Results  

a.. High cholesterol diet for 21 days.  

The results of lipid profile obtained are given in Table 22. 
 

Table 22: Lipid profile of 21 day High Cholesterol Diet Model 

 Normal Control 
 Basal Final Basal Final 
Cholesterol (mg %) 55.12  

± 9.81 
58.67  
± 6.23 

61.59  
± 12.62 

83.31  
± 19.58 

LDL (mg %) 24.34  
± 10.77 

28.83  
± 4.04 

34.79  
± 10.14 

49.87  
± 11.83 

TG (mg %) 58.44  
± 15.39 

62.55  
± 19.66 

41.84 
± 16.79 

79.92  
± 27.09 

VLDL (mg %) 11.69  
± 3.08 

12.49  
± 3.96 

8.37  
± 3.36 

15.98  
± 5.42 

HDL (mg %) 19.09  
± 5.06 

17.28  
± 4.02 

18.43  
± 5.96 

17.46  
± 8.83 

N=6; Values are expressed as Mean ±SD 
Comparison was done between final and basal levels using student’s paired t-test  
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The results indicate that though there was elevation in lipid levels, none of the changes were 

statistically significant. Hence, the extension of the study was planned where the animals were 

fed with high cholesterol diet for 28 days. An additional group of animals was fed with high 

cholesterol diet for 21 days to confirm the earlier results.  
 

b. High cholesterol diet for 28 days.  

The results of lipid profile obtained are given in Table 22. 
 

Table 22: Lipid profile of 28 days High Cholesterol Diet Model 

21 Days 28 Days 

Normal Control Normal Control 
Serum levels 

of 
Basal Final Basal Final Basal Final Basal Final 

Cholesterol 
(mg %) 

72.14  
± 8.78 

78.33  
± 6.13 

72.86  
± 8.28 

91.07  
± 12.94 

74.22 
 ± 8.11 

75.47  
± 18.80 

75.42  
± 8.22 

105.96  
± 24.86* 

LDL 
(mg %) 

24.14  
± 7.51 

48.51  
± 6.37 

31.34  
± 7.76 

61.2  
± 14.14*

29.39  
± 11.91

36.15  
± 19.52 

28.94  
± 5.75 

67.44  
± 32.84* 

TG 
(mg %) 

66.36 
 ± 7.05 

68.79  
± 8.79 

64.11 
 ± 9.05 

68.94 
 ± 11.19 

66.62  
± 11.18

80.22  
± 21.98 

73.13  
± 17.13

79.27  
± 9.59 

VLDL 
(mg %) 

13.27 
 ± 1.41 

13.76 
 ± 1.76 

12.82  
± 7.76 

13.79  
± 2.24 

13.32  
± 2.24 

16.04  
± 4.39 

14.63  
± 3.43 

15.85  
± 1.92 

HDL 
(mg %) 

34.72 
 ± 3.01 

16.07 
 ± 4.50 

28.7  
± 4.61 

16.08 
 ± 6.49* 

31.42  
± 8.10 

23.28 
 ± 5.47 

31.85  
± 4.79 

21.28  
± 8.49** 

N=6; Values are expressed as Mean ±SD 
*p<0.05, **p<0.01Comparison was done between final and basal levels using student’s paired t-test 
 

From Table 22, it can be seen that there were significant changes in lipid levels indicating 

development of hypercholesterolemia in the animals fed with high cholesterol for 28 days.  

The results also confirmed the failure of 21 days of high cholesterol diet feeding to induce 

hypercholesterolemia.   
 

Subsequent to establishment of the model of exogenous hypercholesterolemia, we had planned 

studies to investigate possible mechanisms of action of the plant drugs, which are responsible 

for their beneficial effects as aimed in this sub-phase of the study. 

 

However, this part of the study could not be initiated since the vendor stopped supplying high 

cholesterol diet as he was finding it economically unviable. The vendor required a minimum 

order of 300 Kg of high cholesterol diet while our requirement was only 50 kgs. (One bag of 
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25 kg costed around 10,000/-). The other sources of animal diet also did not agree to supply 

such a small requirement.  
 

Hence, we decided to prepare the high cholesterol diet In-house by adding cholesterol powder 

to normal diet supplied by the vendor. In the preparation of normal diet, the vendor had used 

wheat, soybean meal, casein, peanut oil, peanut meal, various minerals and vitamins. To this 

diet we added 2% cholesterol and 2% deoxycholic acid, a secondary bile acid. Bile acids are 

known to be responsible for emulsification of lipids from the diet and for micellar absorption 

(Binder, 2005). This was also confirmed from few researchers working in the field of lipid 

research. Thus, the ingredients of the high cholesterol diet prepared by us were normal diet 

(73 %), Cholesterol (2 %), Deoxycholic Acid (2 %), Soya Protein (23 %) and few drops of 

sesame oil (Til oil)  

 

This diet was rolled into pellets of 20gms and was fed to the animals. It was found that the 

animals were reluctant to consume this diet. Hence the composition of cholesterol and 

deoxycholic acid was reduced to 1%. (as was present in the readymade high cholesterol diet 

used earlier). However, the rats refused to eat this diet also. Hence it was modified by omitting 

soya protein and Til oil. So the final ingredients of high cholesterol diet acceptable to rats 

were:  Normal diet 98% + Cholesterol 1 % + Deoxycholic Acid 1 %.  
 

This diet was administered for 28 days and the results were as follows: 
 

c. In-house high cholesterol diet for 28 days.  

 

Table 23: Lipid profile after In- house high Cholesterol diet  

Normal Diet Control Serum levels of  

Basal Final Basal Final 

Cholesterol (mg %) 74.22  
± 8.11 

75.47  
± 18.80 

101.15  
± 9.58 

123.28  
± 12.0* 

LDL (mg %) 29.39 
 ± 11.91 

36.15  
± 19.52 

48.03  
± 9.79 

66.14  
± 7.93  

TG (mg %) 66.62 
 ± 11.18 

80.22  
± 21.98 

78.12  
± 25.96 

49.22  
± 13.04 

VLDL (mg %) 13.32 
± 2.24 

16.04  
± 4.39 

15.63  
± 5.19 

9.84  
± 2.61 

HDL (mg %) 31.42 
 ± 8.10 

23.28 
 ± 5.47 

44.15  
± 10.19 

47.29 
 ± 8.91 

N=4; Values are expressed as Mean ±SD 
*p<0.05 Comparison was done between final and basal levels using student’s paired t-test 
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Serum cholesterol levels raised significantly but not the LDL. Triglyceride and VLDL showed 

a fall while HDL remained unaltered. Hence it was decided to give oral bolus cholesterol 

supplementation once daily. For this 400 mg of cholesterol and 50 mg of deoxycholic acid 

were mixed in groundnut oil. One ml per 200 gm of oral bolus cholesterol supplementation 

was fed orally to rat daily for 28 days.  

 

d.  Oral bolus cholesterol supplementation for 28 days.  

The results are depicted in Table 24 

Table 24: Lipid profile after oral bolus Cholesterol supplementation  
(with deoxycholic acid and groundnut oil) 

Serum levels 
of  Day 0 7th day 14th day 21st day 28th day 

Cholesterol 
(mg %) 

83.39  
± 4.20 

85.24  
± 1.24 

68.74  
± 6.25 

61.40  
± 8.65 

74.04 
 ± 30.99 

LDL 
(mg %) 

17.49 
± 9.85 

48.84 
± 12.69** 

51.24 
± 14.51* 

39.72 
± 18.91 

45.28 
± 29.01 

TG 
(mg %) 

56.22  
± 27.17

73.43 
± 23.32 

76.86 
± 18.71 

42.21 
± 12.40 

46.77 
± 22.04 

VLDL 
(mg %) 

11.25 
 ± 5.43 

14.69 
± 4.67 

15.37  
± 3.74 

8.44 
± 2.48 

9.35 
± 4.41 

HDL 
(mg %) 

54.65  
± 8.65 

26.68 
± 10.10** 

16.53 
± 2.82** 

13.24 
± 0.96*** 

19.41 
± 2.06* 

  N=6; Values are expressed as Mean ±SD 
  student’s paired t-test: *p<0.05, **p<0.01, ***p<0.001 when weekly follow-up levels compared  vs day 0 

 

Serum cholesterol and triglycerides decreased from the basal levels progressively with 

increase in number of days (though the difference in the values did not reach statistical 

significance), exactly reverse of the expected scenario. HDL cholesterol levels showed 

significant decrease form the basal values at every time point in these 28 days follow up study.   

A thorough literature search was done which revealed that absorption of cholesterol was more 

efficient, if the diet was supplemented with primary bile acid like cholic acid (79%) and 

chenodeoxycholic acid (60%) while the absorption gets significantly reduced if secondary 

ursodeoxycholic acid (37%) or tertiary bile acids were used (Reynier, et al 1981). When 

deoxycholic acid along with cholesterol and other lipids reaches liver after micellar 

absorption, it inhibits the enzyme 7-α-hydroxylase. This enzyme is responsible for cholesterol 

catabolism and thereby produces bile acids (Binder, 2005). 

Thus, inhibition of 7-α-hydroxylase reduces availability of bile acids in the bile, which may 

decrease the cholesterol absorption. The unabsorbed cholesterol is acted upon by colonic 
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bacteria to produce deoxycholic acid, which further contributes to inhibition of enzyme and 

reduction in bile acid. A part of this bile acid is excreted in the feces and in coprophagic 

animals like rats, it could be an additional source of deoxycholic acid to further reduce bile 

acid production from cholesterol in liver. 

In addition, the resistant starch and soluble fibers, generally present in the bran of cereals like 

oat, rice and wheat (very a small amount in wheat), are converted into short chain fatty acids 

(SCFA) such as propionate and butyrate by intestinal bacteria which brings down the serum 

cholesterol levels (Cheng & Yu, 1997).  The soluble fibers are also known to bind to bile acids 

in the intestine thereby reducing the micellar absorption of cholesterol and other lipids. 

(Gerhardt AL 1998). Hence the husk should be avoided in the cage. 

Many of other recent studies have advocated the use of high cholesterol diet with cholic acid 

and wistar strain of rats to develop model of hypercholesterolemia. (Jeong, et al 2005, Jacob, 

2004) as well as use of wire bottomed cages (Cheng & Yu,1997). 

 

e. Oral bolus supplementation with changed housing conditions 

Wistar rats were fed with normal diet along with once daily oral bolus supplementation (400 

mgCholesterol +50mg cholic acid in coconut oil [Jacob,2004]) of 1 ml/200gm of rat for 35 

days.In order to avoid coprophagia and contact of animals with rice bran in the rice husk 

bedding, the animals were housed in wire bottomed cages.The results are depicted in Table 25 

 

Table 25: Lipid profile after oral bolus Cholesterol supplementation 
                 (400 mg Cholesterol + 50 mg cholic acid in coconut oil) 

Parameters Day 0 28th day 35th day 

Cholesterol (mg %) 73.07 
± 18.12 

97.72  
± 4.57 

98.00 
± 12.82* 

LDL (mg %) 38.03 
± 17.71 

41.65 
± 12.95* 

46.00 
± 15.65 

TG (mg %) 55.78 
± 10.17 

112.20  
± 40.59* 

107.13 
± 7.98* 

VLDL (mg %) 11.16 
± 2.03 

22.49 
± 8.12 

21.43 
± 1.60* 

HDL (mg %) 23.89 
± 3.02 

33.58 
± 1.32* 

30.57  
± 4.45* 

Values are expressed as Mean ± SD 
student’s paired t-test : *p<0.05 vs Day 0 

 

There were significant changes in the lipid profile after given oral bolus cholesterol 

supplementation. The serum total cholesterol, triglycerides and VLDL levels were 
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significantly raised on day 35 of experimental period whereas, the HDL cholesterol levels 

were increased significantly when compared the values on day 0. The administration of 

cholesterol supplementation also showed a trend towards rise in LDL cholesterol levels. From 

above results, it is evident that this model of hyperlipidemia can be used for evaluation of 

Indian medicinal plants.  

 

4. Standardisation of enzyme estimation in lipid pathways 
 

These enzymes include 1. HMGCoA reductase, 2. Lecithin cholesterol acyltransferase 

(LCAT) and 3. Lipoprotein lipase. After starting the study, the method for lipoprotein lipase 

was found to give variable results with the stated method. We enquired about the ELISA kits 

for lipoprotein lipase, however, they were found to be specific for human subjects. Secondly, 

the cost of the LCAT kit which is to be imported could not be accommodated in the grant 

released. Hence, a literature survey was done which revealed that there are multiple pathways 

for atherosclerosis (Fig. 33). 
                   

Moreover, though anti-hyperlipidaemic activity is considered as the primary end point for 

anti-atherosclerotic drugs, individual enzymes involved in hyperlipidaemia are not studied 

routinely while evaluation of the drugs (except for HMGCoA reductase activity). Hence rather 

than estimating Lipoprotein lipase and LCAT, we decided to concentrate on anti-

hyperlipidaemic activity and HMGCoA reductase activity and include if possible in future, 

investigation related to additional pathway for evaluation of the Indian medicinal plants.  

Thus in the standardization phase, male rats with weight range from 100-150 gms were used 

for the study. The animals were procured from Mahaveera Enterprises, Hyderabad. They were 

housed under standard laboratory conditions with free access to food and water. The livers 

were excised from these animals after anaesthetizing them and were used for estimation of 

HMGCoA.  
 

 

HMGCoA reductase 

Assessment of HMGCoA reductase activity in rat liver tissue by determining ratio of 

HMGCoA: Mevalonate (Rao, et al, 1975). The results of lipid profile obtained are given in 

Table 26. 
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Results 
 

Table 26: HMGCoA reductase activity in Normal Wistar rats  

 HMGCoA reductase 
(HMGCoA/ Mevalonate) 

Mean 
± SD 

1.22 
± 0.66 

Range (1-2) 
N=6; Values are expressed as Mean ±SD 

 

After standardization of above parameters, we decided to establish the models of 

hyperlipidaemia in rats and then test the drugs.  

 

5. Standardization of MDA and GSH levels in plasma and tissues  
Lipoperoxide estimation as mentioned in the protocol was studied by assessing aorta and 

plasma MDA. Rat aorta was insufficient to carry out both the assays of vascular MDA and 

GSH. Hence, only vascular lipoperoxides were estimated from the excised aorta. Since GSH 

levels needed to be estimated, it was decided to estimate liver GSH levels as liver is a rich 

source of enzymes as well as from plasma. Methods were standardized to estimate both MDA 

and GSH content of the liver. The results in normal Wistar rats are as follows:  

 

Plasma, vascular and liver lipoperoxides 

Plasma lipoperoxide concentrations and vascular and liver MDA activity was estimated using 

a spectrophotometric method (Yagi, 1976; Ohkawa et al, 1979). 

 

Table 27: Plasma, vascular and liver lipoperoxides normal Wistar rats 

 Plasma 
(nmoles/ml) 

Liver 
(nmoles/gm) 

Aorta 
(nmoles/gm) 

Mean  ± SD 11.43 ± 0.72 169.19 ± 4.47 389.05 ± 29. 

Range (10-13) (160-180) (300-400) 
N=6. Values are expressed as Mean±SD  

 

 
 
Liver and plasma GSH levels 

 
Plasma and tissue levels of GSH were estimated by spectrophotometrically(Owens CWI, 

1965). 
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Table 28: Plasma, vascular and liver GSH levels normal Wistar rats 

 Plasma 
(μg/ml) 

Liver 
(μg/gm) 

Aorta 
(μg/gm) 

Mean ± SD 61.45 ± 6.07 696.8 ± 42.96 Not done 

Range (70-90) (1000-1900) - 
N=6. Values are expressed as Mean±SD 

 

After the standardization, effects of IMPs were studied on lipid profile, HMG CoA reductase 

activity, plasma and vascular lipoperoxides, and liver and plasma GSH levels using the model 

of hyperlipidaemia induced in Wistar rats by giving oral bolus cholesterol fortified by cholic 

acid and coconut oil.  
 
 
Phase 2.1 & 2. 2: Activity of enzymes involved in lipid metabolism and LDL-

cholesterol oxidation and antioxidative mechanisms of body   
      

 

Plant drugs  

Standardised and authenticated aqueous extracts of the plant drugs, were procured from  

M/s. Zandu Pharmaceuticals Ltd, Mumbai. The part and doses of the plant drugs used for the 

present study are as follows: 
 

Table 29: Part and doses of the plant drugs used 

Plant (Part used) 
 

Extractive 
value 

Human 
dose (gm/d)

Rat Dose 
(mg/kg/day) 

of crude drug 
Plumbago zeylanicus (root)  15:1 0.5-1 90 

Phyllanthus Emblica (fruit) 4:1 3-6 540 

Cyperus rotundus (root)  7:1 1-3 270 

Embelia ribes (fruit)  20:1 1-2 180 
These doses correspond to the doses of the crude drug and were extrapolated from the highest 

dose advocated for humans in therapeutic practice (Gogte, 2000a, Gogte, 2000b, Gogte, 

2000c, Gogte, 2000d).  

It was decided to compare the four plant drugs with that of atorvastatin which was given in the 

dose of 30 mg/kg. (Wassmann et al 2001). All the drugs were administered orally in the form 

of fine suspension made in distilled water.  
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Animals  

Male wistar rats weighing between 150 – 200 gm were used for this part of the study. These 

rats were divided into to seven groups. All the groups were comparable with respect to age, 

weight and basal lipid profile. The animals were housed under standard laboratory conditions 

with free access to food and water. Three rats were accommodated per cage.  
 

Cholesterol Supplementation 

Cholesterol (400mg) + Cholic Acid (50mg) in coconut oil orally for 35 days.  
 

Experimental Groups 

Table 30: Study groups for the experiment 

Groups  

Group 1 Normal Diet + CMC (Normal) 

Group 2 Cholesterol Supplementation + CMC (Diseased Control)  

Group 3 Cholesterol Supplementation + Atorvastatin (30 mg/kg)   

Group 4 Cholesterol Supplementation + Pz (90 mg/kg)   

Group 5 Cholesterol Supplementation + Pe (540 mg/kg) 

Group 6 Cholesterol Supplementation + Cr (270 mg/kg) 

Group 7 Cholesterol Supplementation + Er (180 mg/kg) 
 (n= 6), Pz = Plumbago zeylanica, Pe = Phyllanthus emblica, Cr = Cyperus rotundus, Er = Embelia ribes 

 

On day 0 and 36, serum lipid profile was estimated from the blood sample collected from 

retro-orbital sinus of the rats. At the end of the treatment period, blood samples for estimation 

of MDA & GSH were collected from retro-orbital sinus of the rats in vaccutainers containing 

EDTA tri-Potassium salt (K3EDTA). The rats were anaesthesized using pentobarbitol sodium 

in the dose of 30mg/ kg i.p. Whole aorta and liver was isolated and removed and kept in 

chilled phosphate buffer till estimation.  

Parameters assessed 

The parameters of assessment were as follows: 

On day 0      - Serum lipid profile 

On day 36    - Serum lipid profile 

              - Liver HMG CoA reductase activity 

                              - Plasma and Vascular MDA 

                     - Plasma and vascular GSH 
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Results  

 

The effects of the test agents on the individual parameter are presented below:  
 

 

Total cholesterol  
 

Table 31: Serum total cholesterol levels (mg %)  (Fig.34) 

  Basal Final % Change 

Group 1 Normal diet + DW 65.29  
± 10.10 

65.67  
± 8.12 

1.01 
± 5.12 

Group 2 High Cholesterol  diet (HCD) + DW 66.98  
± 15.73 

93.45  
± 13.62 

42.14 
 ± 16.87$$$ 

Group 3 HCD +  Atorvastatin (30mg/kg) 74.00  
±10.81 

87.61 
 ± 9.50 

19.18 * 
± 9.04 

Group 4 HCD +  Plumbago zeylanicus  
              (90 mg/Kg) 

68.06  
± 11.10 

88.97  
± 18.58 

30.12 NS 
± 9.35 

Group 5 HCD +  Phyllanthus emblica  
              (540 mg/Kg) 

67.78  
± 10.14 

82.59  
± 8.12 

22.62 NS 
±  7.59 

Group 6 HCD +  Cyperus rotundus 
              (270 mg/Kg) 

72.55  
± 12.99 

92.30  
± 13.90  

32.06 NS 
± 11.66 

Group 7 HCD +  Embelia ribes  
              (180 mg/Kg) 

72.70  
± 12.67 

95.08  
± 11.67 

32.00 NS 
 ± 9.21 

ANOVA followed by post hoc Tukey : $$$  p< 0.001  versus Group 1;    
                                                               * p< 0.05, NS Not significant   versus Group 2 

 
Rats given normal diet did not show any change in serum cholesterol levels at the end of 35 

days. In Group 2, percentage rise in the cholesterol levels on day 35 was significant compared 

to normal animals. Percentage change in animals receiving Atorvastatin was less as compared 

to disease control group receiving cholesterol supplementation. In animals those were given 

plant drugs the percentage change was also less as compared to Group 2, but was not 

significantly low. Amongst all the drugs the percent change in cholesterol was less with 

Atorvastatin and Phyllanthus emblica.  

 

 

LDL Cholesterol  

There was significant increase in LDL levels in animals fed high cholesterol diet on day 35 vs 

basal levels. Animals received Atorvastatin and Phyllanthus emblica prevented the percent 

change in LDL cholesterol significantly (p<0.05). The rest showed a trend towards reduction.  
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Table 32: Serum LDL Cholesterol levels (mg%) (Fig.35) 

  Basal Final % Change 

Group 1 Normal diet + DW 25.73  
± 11.75 

24.55 
 ±12.47 

-3.76  
± 19.76 

Group 2 High Cholesterol diet (HCD) + 
DW 

26.20  
± 18.01 

41.31  
± 16.68 

89.31  
± 66.43$$ 

Group 3 HCD + Atorvastatin  
             (30mg/kg) 

36.42  
± 12.57 

38.12  
± 10.91 

8.07 
 ± 19.39* 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 

32.22  
± 11.74 

42.29 
 ± 15.99 

30.61 
 ± 3.77 NS 

Group 5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 

28.53  
± 10.85 

32.21 
 ± 9.50 

15.09  
± 9.06* 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 

29.03  
± 12.87 

42.76  
± 15.28 

67.99  
± 45.32 NS 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 

26.65  
± 8.35 

42.24  
± 9.33 

65.96  
± 33.03 NS 

ANOVA followed by  post hoc Tukey $$  p< 0.01  versus Group 1;  *p< 0.05; NS Not significant   versus Group 2 
 

 

Triglycerides  

Table 33: Serum Triglycerides levels (mg%) (Fig.36) 

  Basal Final % Change 

Group 1 Normal diet + DW 85.08  
± 16.61 

88.48  
± 22.41 

4.65 
 ± 19.05 

Group 2 High Cholesterol  diet (HCD) + 
DW 

71.47  
± 17.93 

115.73  
± 13.11 

67.18  
± 32.02$$ 

Group 3 HCD + Atorvastatin  
             (30mg/kg) 

69.86  
± 18.59 

79.16  
± 15.65 

15.30  
± 15.82* 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 

64.96  
± 13.14 

77.96  
± 31.69 

17.09  
± 26.29 NS 

Group 5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 

69.33  
± 22.94 

93.04  
± 29.50 

35.38 
 ± 17.99 NS 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 

76.56  
± 19.38 

102.33  
± 22.35 

25.58 
 ± 14.43 NS 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 

79.04  
± 17.83 

105.15  
± 13.76 

36.34 
 ± 20.24 NS 

ANOVA followed by  post hoc Tukey  $$  p< 0.01  versus Group 1; *p< 0.05; NS Not significant   versus Group 2 
 

Animals from Group 2 showed a significant increase in triglyceride levels on day 35. The 

percent change in the levels seen after administration of atorvastatin was significantly less as 

compared to that seen in Group 2. When plant drugs were co-administered with the 

cholesterol supplementation, the triglyceride levels increased on 35 day. The percent change 

in triglyceride levels was however less than observed in the Group 2. Plumbago zeylanicus 

has results comparable to atorvastatin though the significance was not reached. 



 39

 

VLDL-cholesterol  

Table 34: Serum VLDL-cholesterol levels (mg%) (Fig.37) 

  Basal Final % Change 
Group 1 Normal diet + DW 17.02  

± 3.32 
17.70  
± 4.48 

4.67 
± 19.05 

Group 2 High Cholesterol  diet (HCD) + DW 14.29  
± 3.59 

23.15  
± 2.62 

67.17 
± 32.01$$ 

Group 3 HCD + Atorvastatin  
             (30mg/kg) 

13.97  
± 3.72 

15.83  
± 3.13 

15.30 
± 15.85* 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 

12.99  
± 2.63 

15.59  
± 6.34 

17.07 
± 26.30 NS 

Group 5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 

13.87  
± 4.59 

18.61  
± 5.90 

35.37 
± 17.97 NS 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 

15.31  
± 3.88 

20.46  
± 4.47 

25.54 
± 14.47 NS 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 

15.81  
± 3.56 

21.03  
± 2.75 

36.36 
± 20.21 NS 

ANOVA followed by  post hoc Tukey   $$  p< 0.01 versus Group 1; *p< 0.05  NS Not significant versus Group 2 
 

In Group 2 there was a significant increase in VLDL-cholesterol levels on day 35. The 

percentage change in Group 2 was the maximum and statistically significant compared to 

normal rats. Atorvastatin reduced the percentage change significantly when compared with 

that of Group 2 . The rise in VLDL was prevented by Plumbago zeylanicus to the same extent 

as atorvastatin but did not reach significance compred to Group 2. The percentage change in 

levels occurring after administration of drugs was also less as compared to Group 2.  

 

HDL-cholesterol  

In normal rats there was no difference in the HDL levels.The average levels on day 35 

following the group receiving cholesterol supplementation remained nearly the same as on day 

0.  Rats treated with Phyllanthus emblica, Embelia ribes and Cyperus rotundus also did not 

show a change in the HDL levels. Whereas Plumbago zeylanicus and Atorvastatin treated 

animals showed increase in HDL-cholesterol levels which was significant compared to Group 

2.  
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Table 35 : Serum HDL-cholesterol levels (mg%) (Fig.38) 

  Basal Final % Change 

Group 1 Normal diet + DW 22.52  
± 2.78 

23.43  
± 2.06 

4.46  
± 6.58 

Group 2 High Cholesterol  diet (HCD) +DW 27.19  
± 3.31 

28.99  
± 2.83 

6.98  
± 6.30 NS1 

Group 3 HCD + Atorvastatin  
             (30mg/kg) 

23.61  
± 4.53 

33.66  
± 3.81 

45.11  
± 22.44*$$ 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 

22.84  
± 2.38 

31.69  
± 4.64 

39.60  
± 22.81**$ 

Group 5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 

25.37  
± 2.47 

31.77  
± 5.31 

24.64  
± 10.31 NS 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 

28.04  
± 5.17 

29.08  
± 6.07 

13.25  
± 15.31 NS 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 

30.41 
± 6.87 

31.81  
± 5.86 

5.74  
± 8.01 NS 

ANOVA followed by  post hoc Tukey $  p< 0.05; $$  p< 0.01  , NS1 Not significant versus Group 1; 
                                                                          *p< 0.05; **p< 0.01, NS Not significant versus Group 2 
 

HMG CoA Reductase activity 
 
HMGCoA reductase activity was inferred by estimating ratio of HMGCoA to Mevalonate. 
 

Table 36: Ratio of HMGCoA / Mevalonate (Fig.39) 

  HMGCoA / Mevalonate 

Group 1 Normal diet + DW 1.26 ± 0.08 

Group 2 High Cholesterol  diet (HCD) +DW 2.32 ± 0.11$$$ 
Group 3 HCD + Atorvastatin  

             (30mg/kg) 
1.19 ± 0.37 NS *** 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 

1.14 ±0.25 NS *** 

Group 5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 

1.28 ±0.27 NS *** 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 

1.95 ± 0.33$ NS1 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 

1.86 ± 0.49$ NS1 

 $p< 0.05, $$$P< 0.001, NS Not significant Vs versus Group1;  
***p< 0.001, NS1 Not significant Vs versus Group 2 

 

As seen from the Table, in Group 2 as compared to normal group, there was a significant rise 

in the HMGCoA/ Mevalonate ratio indicating inhibition of HMGCoA reductase activity and 

decreased endogenous cholesterol synthesis. Atorvastatin, Plumbago zeylanicus and 

Phyllanthus emblica prevented the change in the ratio which remained comparable to normal. 

This indicates that the activity of the enzyme was not changed by these 3 agents. On the other 
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hand, Cyperus rotundus and Embelia ribes though showed a trend towards reduction, the ratio 

remained significantly higher than the normal values indicating some degree of inhibition of 

enzyme activity. 
 
 

Vascular MDA and Liver MDA & GSH 

 
.Table 37: Vascular MDA and Liver MDA & GSH (Figs. 40, 41 & 42) 

  Aorta                  Liver 

  MDA 
nmoles/gm 

MDA 
nmoles/gm 

GSH 
µg/gm 

Group 1 Normal diet + DW 443.72   
± 28.14 

170.33 
 ± 15.08 

707.32  
± 52.58 

Group 2 High Cholesterol  diet (HCD) +DW 550.44  
± 38.25$$ 

240.52  
± 27.83$$ 

769.40 
 ± 111.69 

Group 3 HCD + Atorvastatin  
             (30mg/kg) 

265.81 
 ± 24.66*** 

136.99 
 ± 35.74*** 

642.10  
± 181.05 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 

338.08   
± 43.16*** 

166.29  
± 26.63** 

645.12  
± 146.48 

Group5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 

329.04 
 ± 72.57*** 

156.71  
± 41.26*** 

606.01 
 ± 106.06 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 

543.74  
± 51.18 NS 

258.42 
 ± 14.52 NS 

670.21 
 ± 25.21 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 

566.70  
± 39.46 NS 

255.82 
 ± 13.55 NS 

684.36 
 ± 86.50 

ANOVA followed by  post hoc Tukey $$  p< 0.01 versus group1 ; 
                                                            **p< 0.01 ***p< 0.001, NS Not significant  versus group2 

 

Aortic MDA levels in rats given high cholesterol diet were increased significantly as 

compared to Group 1 (Normal diet). Atorvastatin, Plumbago zeylanicus and Phyllanthus 

emblica not only significantly prevented the rise in vascular MDA levels but also normalised 

them. While, Cyperus rotundus and Embelia ribes failed to prevent the increase in aortic 

MDA. Similar results were also obtained in liver MDA levels where again Atorvastatin, 

Plumbago zeylanicus and Phyllanthus emblica significantly prevented the rise in liver MDA 

levels and also normalised them, whereas Cyperus rotundus and Embelia ribes failed to 

prevent the increase in liver MDA levels.  

 

It was found that the values of liver GSH levels in the control group were higher as compared 

to normal group.This increase may be due to the increase in the liver MDA levels. However, 

there was no significant difference in the liver GSH levels in any of the groups, the levels 

were comparable to that of normal group. 
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Plasma MDA and GSH 

 
Table 38: Plasma MDA and GSH (Figs. 43 & 44) 

Groups  Plasma 

  MDA 
(nmoles/ml)  

GSH  
(µg/ml) 

Group 1 Normal diet + DW 11.33 ± 2.08 59.47 ± 8.29 

Group 2 High Cholesterol  diet (HCD) +DW 15.83 ±3.91 70.82 ± 6.10 

Group 3 HCD + Atorvastatin  
             (30mg/kg) 13.24 ± 3.18 55.23 ± 12.21 

Group 4 HCD + Plumbago zeylanicus  
            (90 mg/Kg) 13.37 ± 2.32 64.15 ± 7.53 

Group5 HCD + Phyllanthus emblica  
             (540 mg/Kg) 13.87 ± 1.99 58.76 ± 6.32 

Group 6 HCD + Cyperus rotundus   
             (270 mg/Kg) 13.37 ± 2.32 61.23 ± 8.69 

Group 7 HCD + Embelia ribes  
             (180 mg/Kg) 15.75 ± 3.35 55.46 ± 6.81 

 
Plasma MDA and GSH levels in Group 2 were increased as compared to normal group but 

were not statistically significant. Atorvastatin as well as all the plant drugs did not alter plasma 

MDA and GSH levels. 

 
Inference from Phase 2.1 and 2.2 

1.  Plumbago zeylanica prevented rise in triglycerides and VLDL levels when given 

concurrently with high lipid diet and these results were comparable to atorvastatin.  

It significantly increased the HDL levels. It maintained the HMGCoA – mevalonate ratio. 

It also prevented lipoperoxidation of aorta as indicated by reduced vascular MDA levels. 

The liver MDA and GSH remained unaltered in spite of high lipid diet. 

2.   Phyllanthus emblica showed a trend towards prevention in cholesterol levels but 

significantly prevented the rise in the LDL levels. It showed a trend towards increase in 

the HDL levels. It maintained the HMGCoA – mevalonate ratio. It also prevented 

lipoperoxidation of aorta as indicated by reduced vascular MDA levels. No change in 

liver MDA and GSH was induced when Phyllanthus emblica was given with high lipid 

diet.  

3.   Cyperus rotundus and Embelia ribes though showed less percent change in lipid profile 

than the control group, the difference was not statistically significant for any of the 

parameters. They also failed to prevent aortic lipoperoxidation and rise in liver MDA. 
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 Phase 2.3: Abnormal platelet activity and endothelial wall responsiveness  
 

This phase of the study was conceived to explore the platelet activity and endothelial wall 

responsiveness in atherosclerotic rabbits developed feeding high cholesterol diet and effect of 

treatment using various plant drugs. However, it was decided to adopt humane approach and 

use alternatives to the animal experiments, which would have cost the life of the rabbit. Hence, 

data was generated from human subjects by studying platelet activity and using human tissue 

for vascular wall responsiveness. It was felt that it would be better to extrapolate the findings 

for future clinical studies if data is generated from humans. 
  

A.  Platelet aggregation studies in normal volunteers and hyperlipidemic patients 
 

 

Objectives 

 

1. To evaluate the effect of Indian medicinal plants viz. Phyllanthus emblica, Plumbago 

zeylanica, Cyperus rotundus, Embelia ribes, on aggregation of platelets procured from 

normal healthy volunteers in vitro. 

 
2. To evaluate the effect of selected Indian medicinal plants, on aggregation of platelets 

procured from hyperlipidemic patients in vitro 

 

Methodology 
 
To fulfill the first above-mentioned objective, clinical experiments were conducted normal 

healthy volunteers. Prior to their commencement, an approval of the Institutional Ethics 

Committee for Human Studies was taken.  The study was conducted in 2 sub-parts, Part 1a for 

selection of plants showing a significant effect on inhibition of aggregation of platelets and 

Part 1b to study their effects in combination with aspirin and in combination with each other 

on platelet aggregation.  

 

In the following paragraphs, first the details of the test drugs used in the study and procedures 

for harvesting platelets, studying platelet viability and aggregability are described. This is 

followed by the detailed study designs of Part 1 along with statistical methods and the results. 
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Study drugs 

The plant drugs selected for evaluation were Plumbago zeylanica (Pz), Phyllanthus emblica 

(Pe), Cyperus rotundus (Cr) and Embelia ribes (Er). Table 39 also illustrates the dose ranges 

of these plant drugs as advocated in Ayurveda. 

 

Table 39: Indian medicinal plants and human doses 

Plant Drug Part Used
Human 

Dose 
(gm/day) 

Extractive Values 
of Procured 

Aqueous Extracts 

Extract Dose 
(gm/day) 

Plumbago zeylanica Root 0.5-1 15:1 0.03-0.06 

Phyllanthus emblica Dried fruit 3-6 4:1 0.75 – 1.66 

Cyperus rotundus Root 1-3 7:1 0.143 - 0.43 

Embelia ribes Dried fruit 1-2 20:1 0.05-0.1 
 
 

Preparation of the filtrates for in vitro study 
 

As all the extracts were partially soluble in water, it was decided to use only the completely 

water-soluble component. For this the following method was employed for each of the plant 

drugs. 

20 mg of the procured extract was weighed and added to 10 ml of water at 80 °C in a 

stoppered flask obtaining 2mg/ml of the extract in distilled water. The solution was shaken 

well with a stirrer and allowed to stand for 10 minutes. It was allowed to cool and then 

centrifuged at 4000 rpm. The supernatant obtained was then filtered through nylon 66 filter. 1 

ml of the filtrate was then transferred to 6 pre-weighed bulbs. 

The bulbs were placed in a steam oven for 2 hours. After evaporation of the filtrates the bulbs 

were allowed to cool and were weighed again along with the residue.The difference was 

calculated which corresponded to the amount of extract present in 1 ml of the filtrate. This 

procedure was repeated 6 times for each extract. The mean value was then taken as the 

extractive value of the filtrate [Indian Herbal Pharmacopoeia, 1998].  

 

This data was used while preparing further filtrates for studying the effects on the platelets. 

The concentrations of the filtrates were adjusted to 2 mg of extract per ml of the filtrate. To 

decide the working concentrations of the filtrate for the viability and aggregability studies, 

doses of the plant drugs as recommended in humans were considered. It was assumed that 

following oral administration the plant drugs, they would get distributed in mainly 3 



 45

compartments viz. plasma (3 Lts.), extra-cellular fluid (ECF) (12 Lts.) and total body water 

(40 Lts.). Concentrations of drugs in each of these compartments were computed.  Thus the 

concentrations selected for various plant drugs are presented in Table 40. It was decided to use 

the same concentrations for the extracts as for the crude plant drugs. 

 

Table 40: Concentrations of IMPs selected for platelet aggregation studies 

Plant Drug Plasma  
(μg/ml) 

ECF 
(μg/ml) 

Total BodyWater
(μg/ml) 

Phyllanthus emblica 1000 
2000 

250 
500 

75 
150 

Plumbago zeylanica 330 
166 

41.6 
83.3 

12.5 
25 

Cyperus Rotundus 333.33 
1000 

83.3 
250 

25 
75 

Embelia Ribes 333.33 
666.66 

83.3 
166.66 

25 
50 

 

 All concentrations are expressed in terms of crude drugs 

 
Comparator: Acetyl salicylic acid (Aspirin) (Sigma Chemical Co., St. Louis, Mi, USA) was 

selected to compare effects of plant drugs on platelet aggregation. Aspirin was obtained in 

powdered form and was sparingly soluble in water. It was diluted with warm water (80 °C) to 

obtain final concentration of 0.025 mg/ml. 

 

Vehicle control: Distilled water, which was used for dilution and preparation of extracts, 

served as negative control. All the filtrates and aspirin solutions were prepared freshly before 

use. No storage was allowed. 

 

Procedure for harvesting platelets 
 
After taking an informed written consent from normal volunteers or patients with 

hyperlipidemia, they were asked to report to the laboratory after overnight fasting. Twenty ml 

of venous blood was collected atraumatically from these volunteers taking aseptic precautions, 

in a citrated tube (3.8 % tri-sodium citrate) and centrifuged at 1000 rpm for 10 mins to obtain 

platelet rich plasma (PRP). It was again centrifuged at higher speed (4000 rpm) for 15 mins to 
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obtain platelet poor plasma (PPP). PRP was then processed to study effects of the study drugs 

on the viability. 

 

Assessment of effect of plant drugs on Platelet viability [Snyder et al, 1981] 

 
Principle 

Platelets contain lactate dehydrogenase (LDH) which is released when the membrane 

permeability of cell wall of the platelets is lost. This change in permeability occurs following 

platelet death. A significant rise in LDH release after incubation with the test drugs would be 

indicative of loss of platelet viability. 

 
Procedure  

Platelets from the PRP were counted using automated cell counter (Hema Star II,) and 

adjusted to 2 x 105 platelets per μl using autologous platelet poor plasma. This working 

platelet rich plasma (WPRP) was used for studying platelet viability. Aliquots of 490 μl of 

WPRP taken in Eppendorf vials were incubated with 10 μl of the test drugs or vehicle 

(distilled water) for 3 minutes at 37 °C. From this mixture 10μl was pipetted out using 

Eppendorf pippete into 500μl of reconstituted LDH reagent (Erba kits, LDH-P, Transasia Bio-

medicals Ltd., Mumbai). The mixture was well shaken and then assayed for LDH using an 

autoanalyser (Erba Chem-5, Transasia Bio-medicals Ltd., Mumbai). The absorbance was 

measured at 340 nm. 

Basal LDH levels were measured after addition of 10 μl of the test drug to 490 μl of WPRP 

without incubation. The levels of LDH released after incubation of platelets with particular 

concentration of the drug was compared with the distilled water control. 

 
Statistical analysis 

Student’s paired‘t’ test was used for the comparisons. The concentrations of the test drugs, 

which did not cause LDH release, were selected for further studies. 

 

Assessment of effect of plant drugs on platelet aggregation 

Platelet aggregation was studied using the turbidimetric method described by Born in 1962 on 

a platelet aggrecorder (490-4D Four channel automatic optical aggregation system, Chronolog 

Corporation, USA).  
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Principle 

When a fluid containing a cellular suspension is placed between a light source and a photocell, 

certain amount of light transmission takes place, which is recorded on a chart recorder. When 

a suitable aggregating agent is added, platelets aggregate, and the turbidity of the suspension 

gets reduced so that light transmission increases. The percentage change in the light 

transmission is correlated with the extent of aggregation.  

 

Aggregating agents 

ADP, collagen and epinephrine were used as aggregating agents for this in vitro study in 

following concentrations: ADP (2.5 μM), Collagen (1 μg/ml), Epinephrine (5 μM). These 

concentrations were selected based on the previous studies [Sawant, 2002; Bhat, 2000], which 

produced sub-maximal aggregation.  

 
Preparation of aggregating agents 

a)    ADP (Adenosine- 5'-diphosphate, sodium salt, Sigma Chemical Co., St. Louis, Mi, USA): 

ADP was weighed and dissolved in distilled water to give a stock solution of 

concentration of 1mg/ml. From this 40 μl of stock solution was taken and added to 860 μl 

of normal saline to it. This is the working solution of 100 μM ADP, which gives a final 

concentration of 10 μM in the working test volume. Further dilutions were prepared to 

obtain final concentrations of 2.5 μM. Stock solutions of ADP were kept refrigerated at -

4°C. 

b)  Collagen (Soluble form, Chronolog Corp., Haverton, PA, USA): Collagen is available as a 

1mg/ml solution. A stock solution of 10 μg/ml was prepared using 10 μl of collagen and 

990 μl of normal saline. 50 μl of this stock solution was added to 450 μl of sample to get 

a final concentration of 1μg/ml. Aseptic precautions were taken while preparing collagen 

stock solutions. 

c)     Epinephrine bitartarate (Sigma Chemical Co., St. Louis, Mi, USA): 1mM stock solution 

was prepared by dissolving 3.333 mg of the drug in 10 ml of 0.1% sodium 

metabisulphite. This was diluted to 1:10 with 0.1% sodium metabisulphite and a 100 μM 

working solution was obtained. Further dilution gave a final concentration 5 μM. 

Epinephrine stock and dilutions were prepared in 0.1 % metabisulphite so as to prevent 

oxidation of the drug. Stock solutions of collagen and epinephrine were stored at 2-6 °C. 
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Methodology of platelet aggregation 
 

Working platelet rich plasma (WPRP) was used for studying platelet aggregation. Following 

are the steps, which were followed: 

• Aggregocorder was switched “on” and allowed to warm up to 37 °C. The stirrer speed was 

set to 1000 rpm. 

• The PPP sample(500 μl) and the WPRP samples (440 μl) were incubated in the incubation 

wells for 5 mins in siliconised glass cuvettes(for siliconing, washed cuvettes were dipped 

in 0.5% silicone oil emulsion and were dried in hot air oven at 120°C for 1 hour) 

• 10 μl of distilled water (vehicle) or aspirin (test solution) or either of the selected 

concentrations of test drug were added to the WPRP cuvettes and incubated at  37 °C in 

the incubation wells for 3 minutes. 

• After incubation, the cuvettes were transferred to their respective wells on the aggrecorder; 

PPP cuvettes containing the platelet poor plasma to the PPP well and WPRP cuvettes to 

the 4 different WPRP wells. 

• The 'set baselines' button on the aggregometer was pressed to set the baselines. The tracing 

on the computer screen was moved to the 100 % line on the screen automatically setting 

the 100 % (PPP) baseline. 

• The 'set baseline' buttons were released. The tracing on the computer screen was moved to 

the 0 % baseline automatically setting the 0 % baseline. 

• All the 4 stirrers (Teflon coated stir bars) were set on and 50 μl of the aggregating agent 

was added slowly to the WPRP samples with continuous stirring. 

• Optical curve was allowed to run for the desired time interval. 

• The procedure was then terminated by stopping the test after 7 minutes in case of ADP, 

after 10 minutes for collagen and after12 minutes for epinephrine.  

• The time for starting the aggregation after adding the aggregating agent and the time for 

stopping the procedure were set.The aggregation pattern was recorded as percent 

aggregation versus time for a period of 7 minutes in case of ADP, 10 minutes for collagen 

and 12 minutes for epinephrine if being used. The Maximum Platelet Aggregation (MPA) 

was recorded as an optical curve on the aggrecorder.  

• The percentage inhibition (PI) shown by the positive control and the drug was then 

calculated using the formula, 

                                              % Inhibition = 1 -    MPA of test drug/ aspirin     x 100 

                                                         MPA of vehicle   
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 For each volunteer or patient, the aggregation pattern of positive (aspirin) and the negative 

(vehicle) control were observed using all the 3 aggregating agents. The different channels of 

the aggregometer were used simultaneously to test the study drugs or aspirin against different 

aggregating agents.  
 

Part 1: Study design in Normal volunteer 
 

This part of the study was an in vitro study to assess platelet aggregability induced by different 

aggregating agents and effects of filtrates of plant drugs on the same.The study was divided 

into 2 parts: 

Part 1a: For each drug, non- toxic concentrations for platelets were selected by carrying out 

the viability study first. This was followed by its effect on platelet aggregability. 

Part 1b: Selected concentrations of each drug (from Part 1a) were studied for their antiplatelet 

activity in combination with aspirin and with each other. 

 
Part 1a: Selections of non- toxic concentrations of each drug for platelets by viability 

study and subsequent study of their effect on platelet aggregability. 
 

A prospective randomised controlled study was carried out.  
 

Subject population 

Forty-two normal male volunteers in the age group 18 to 55 years were recruited after taking 

their written informed consent.  

 
Inclusion Criteria 

- Normal healthy male volunteers in the age group of 18 to 55 years. 

 
Exclusion criteria 

-    History of known platelet dysfunction or bleeding tendency  

-    Family history of bleeding disorder 

- History of known or suspected kidney, liver or bone marrow dysfunction. 

- History of intake of alcohol  

- History of smoking  

- History of taking NSAIDs or any drugs (steroids, beta lactam antibiotics, antidepressants 

etc,) which are likely to interfere with platelet functions in the preceeding 1 month 

- History of consumption of any drugs from alternative systems of medicine in the 

preceeding 2 month. 
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Methodology 

After taking written informed consent, the volunteers were interrogated and examined 

clinically to rule out presence of any disease and confirm healthiness. Blood was collected 

from them and hemogram, LFT, RFT were done to determine normality of organ function. 

They were then asked to report to the laboratory after an overnight fasting. They were asked to 

take light diet on the preceeding night to avoid lipid rich food. 20 ml blood was collected from 

the anti-cubiital vein using a 20 cc syringe with gentle aspiration aspiration. It was then 

transferred to polystyrene tubes gently which contained sodium citrate as an anti-coagulant, in 

a ratio of 9:1 (blood: anti-coagulant).    

Platelet Viability 

Platelet viability study was carried prior to platelet aggregation study. Blood was collected 

from 6 of these volunteers to procure platelets. The method for studying platelet viability has 

been described earlier in detail. Following concentrations of study drugs were selected to 

determine their effects on platelet viability following 3 mins exposure. 

 

Table No. 41: Concentrations of plant drugs for viability studies  

Drugs  Concentrations for platelet viability studies (μg/ml) 

Phyllanthus emblica 75, 150,250,500,1000,2000  

Plumbago zeylanica 12.5, 25, 40, 80, 166, 330  

Cyperus rotundus 25, 75, 80, 250, 330, 1000  

Embelia ribes 25, 50, 80, 166, 330, 670  
 

The release of LDH was measured using an autoanalyser and post-incubation values were 

compared with distilled water control. Based on these results, 3 -4 non-toxic concentrations 

for each drug was selected for aggregation study. 

Results 

Effect on platelet viability in normal volunteers 

Effect of each IMP on lactate dehydrogenase (LDH) release from platelets of normal 

volunteers was as given below:. 

Basal values of LDH release on addition of distilled water did not differ from those observed 

after incubation with distilled water for 3 min. In addition, basal values of LDH release on 

addition of test drugs remained comparable to the basal values for distilled water. Tables 42 

and 43 show the values of LDH release with distilled water (both, basal and post-incubation) 

and with the highest concentration of each of the test drugs. 
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Table 42: Effect of distilled water and test drugs on LDH release  

Test Agents LDH Release (IU/L) 

Distilled water (basal ) 266.8   ± 33.1 

Distilled water (post-incubation) 267.2   ± 35.94 NS 

Phyllanthus emblica (2 mg/ml) (basal) 279.36 ± 31.00 NS 

Plumbago zeylanica (330 µg/ml) (basal) 277.45 ± 18.84 NS 
All values are indicative of Mean ± SD; n= 6 per group 
Student’s paired ‘t’ test , NS  = not significant vs Distilled water (basal )  

             

Table 43: Effect of distilled water and test drugs on LDH release 

Test Agents LDH Release (IU/L) 

Distilled water (basal ) 265.1 ± 30.1 

Distilled water (post-incubation) 259.15 ± 27.72 NS 

Cyperus rotundus (1 mg/ml) (basal) 288.77 ± 26.37 NS 

Embelia ribes (670 µg/ml) (basal) 281.22 ± 15.80 NS 

All values are indicative of Mean ± SD; n= 6 per group 
Student’s paired ‘t’ test , NS  = not significant vs Distilled water (basal )  

 
 

The release of LDH from platelets on incubation with individual drug and its comparison with 

vehicle is presented in the following paragraphs. 

 
Phyllanthus emblica 
 
Table 44: Effect of Phyllanthus emblica (Pe) on LDH release 

Vehicle/Plant drug Post-incubation LDH (IU/L) 

Distilled water 267.2 ± 35.94 

Pe (75 µg/ml) 280.5 ± 22.68 NS 

Pe (150 µg/ml) 287.77 ± 25.79 NS 

Pe (250 µg/ml) 288.17 ± 29.30 NS 

Pe (500µg/ml) 288.98 ± 18.38 NS 

Pe (1 mg/ml) 291 ± 29.78 NS 

Pe (2 mg/ml) 306.47 ± 33.80* 

  All values are indicative of Mean ±SD; n= 6 per group 
  Student’s paired ‘t’ test,  NS = Not significant,*p<0.05 vs Distilled water 
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When the working platelet rich plasma was incubated with different concentrations of 

Phyllanthus emblica, the highest concentration i.e. 2 mg/ml increased the LDH release 

(p<0.05) significantly compared to the release seen after incubation with vehicle (Table 42).   

The other 5 concentrations appeared to be non-toxic. 

 

Plumbago zeylanica  

No significant increase in LDH concentrations was found when the working platelet rich 

plasma was incubated with different concentrations of Plumbago zeylanica (Table 45). All the 

values remained comparable with that of vehicle control. 

 
Table 45: Effect of Plumbago zeylanica (Pz) on LDH release 

Vehicle/Plant drug Post-incubation LDH (IU/L) 

Distilled water 259.15 ± 27.72 

Pz (12.5µg/ml) 261.15 ± 17.99 NS 

Pz (25µg/ml) 267.58 ± 11.54 NS 

Pz (40µg/ml) 268.10 ± 10.12 NS 

Pz (80µg/ml) 271.65 ± 19.27 NS 

Pz (166 mg/ml) 277.45 ± 18.84 NS 

Pz (330 µg/ml) 282.73 ± 12.12 NS 
All values are indicative of Mean ±SD; n= 6 per group, 
Student’s paired ‘t’ test,  NS = Not significant vs Distilled water 

   
 

Cyperus rotundus 
 
Table 46: Effect of Cyperus rotundus (Cr) on LDH release 

Vehicle/Plant drug Post-incubation LDH (IU/L) 

Distilled water 267.2   ± 35.94 
Cr (25µg/ml) 261.15 ± 17.99 NS 
Cr (75µg/ml) 265.07 ± 16.24 NS 
Cr (80 µg/ml) 272.62 ± 21.98 NS 
Cr (250 µg/ml) 275.08 ± 22.39 NS 
Cr (330 µg/ml) 276.85 ± 22.04 NS 
Cr (1 mg/ml) 288.77 ± 26.37 NS 
All values are indicative of Mean ±SD; n= 6 per group 
Student’s paired ‘t’ test,  NS = Not significant vs Distilled water 
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No significant increase in LDH concentrations was found, when the working platelet rich 

plasma was incubated with different concentrations of Cyperus rotundus (Table 46). All the 

values remained comparable with that of vehicle control. 

 

Embelia ribes 

No significant increase in LDH concentrations was found, when the working platelet rich 

plasma was incubated with different concentrations of Embelia ribes (Table 47). The values 

remained comparable with that of vehicle control. 

 

Table 47: Effect of Embelia ribes (Er) on LDH release 

Vehicle/Plant drug Post-incubation LDH (IU/L) 

Distilled water 259.15 ± 27.72 

Er (25µg/ml) 261.65 ± 18.47 NS 

Er (50µg/ml) 264.07 ± 17.49 NS 

Er (80 µg/ml) 270.33 ± 16.70 NS 

Er (166 µg/ml) 272.72 ± 13.99 NS 

Er (330 µg/ml) 278.82 ± 29.06 NS 

Er (670 µg/ml) 281.22 ± 15.80 NS 

All values are indicative of Mean ±SD; n= 6 per group 
Student’s paired ‘t’ test,  NS = Not significant vs Distilled water 

 

Effect of plant drugs on platelet aggregation 

The remaining 36 volunteers were randomly allocated to 3 groups depending on the 

aggregating agent to be used while studying platelet aggregability. These groups were as 

follows: 

Groups Aggregating agent 

1 ADP 2.5 μM 

2 Collagen 1 μg/ml 

3 Epinephrine 5 μM 
              ADP - Adenosine -5’-diphosphate 

From the blood of these volunteers, working platelet rich plasma was obtained.  

WPRP was divided into different aliquots to be incubated with 3/4 different concentrations of 

given test drug, distilled water and aspirin. Table 48 shows the various concentrations of the 

drugs selected for the study. 
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        Table 48: Concentrations of plant drugs selected for aggregation study    
Drugs Concentrations for aggregation studies (μg/ml) 

Phyllanthus emblica 150, 250, 500,1000  

Plumbago zeylanica 12.5,25, 40, 166  

Cyperus rotundus 75, 250, 1000  

Embelia ribes 50, 166, 330  

 

Maximum platelet aggregations in response to the given aggregating agent under the influence 

of test drugs or aspirin or distilled water were recorded with the help of platelet aggrecorder. 

Using these results, the percent inhibition was calculated as described above.  

 

Statistical analysis 

Maximum platelet aggregation induced by the aggregating agents in presence of vehicle 

(distilled water) was compared with that of aspirin. Student’s paired ‘t’test was used for the 

same. Similarly, maximum platelet aggregation induced by aggregating agents in presence of 

various concentrations of test drugs was compared with that of distilled water and aspirin 

using paired‘t’ test. 

Percentage inhibition of platelet aggregation (for each of the aggregating agents) induced by 

aspirin was compared with that of other test drugs. Student’s paired ‘t’ test was used for the 

analysis. A  p value of <0.05 was considered as significant. 

 

Results 

Effect on platelet aggregation in normal volunteers 

The methodology of studying platelet aggregation in response to the selected aggregating 

agents viz. ADP (2.5μM), collagen (1μg/ml) and epinephrine (5μM) was standardised before 

processing for the evaluation of the effects of plant filtrates. As extracts were only partially 

soluble in water the method described earlier was followed to calculate the amount of extract 

present in the soluble portion which was then used for further work. Thus 2.2mg/ml of 

Phyllanthus emblica, 2.3mg/ml of Plumbago zeylanica, 2.25 mg of Cyperus rotundus and 

2.25 mg of Embelia ribes contained 2mg of soluble extract per ml of their filtrates. Effects of 

the selected concentrations of the plant filtrates on maximum aggregation of platelets induced 

by the aggregating agents are described below for the individual plant. The percentage 

inhibition of platelet aggregation with individual plant is compared with that of aspirin. 
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Phyllanthus emblica 

As seen in Table 49 and Fig.45, aspirin significantly inhibited the maximum platelet 

aggregation (MPA) induced by all the 3 aggregating agents viz. ADP (2.5μM), collagen 

(1µg/ml) and epinephrine (5μM). Phyllanthus emblica in all the 4 concentrations tested, also 

inhibited significantly, MPA induced by ADP, epinephrine and collagen when compared to 

distilled water. However, these MPA values were found to be significantly higher when 

compared to aspirin. 

                           

Table 49: Effect of Phyllanthus emblica on maximum platelet aggregation (MPA%) 

 D/W ASP 
(µg/ml)  

Phyllanthus emblica (µg/ml) 

  25 150 250 500 1000 
ADP 2.5µM 74.25  

±7.11 
48.92  
±5.58* 

68.33 
 ±6.47*# 

66.58  
±6.11*# 

64.67 
 ±5.9*# 

64.58  
±6.57*# 

EPI   5µM 82.33  
±4.91 

47.58  
±5.57* 

72.50  
±4.52*# 

70.92 
 ±4.68*# 

68.75 
 ±5.43*# 

68.67  
±4.77*# 

COL 1µg/mL 76.75  
±8.79 

53.58 
 ±6.86* 

68.50 
 ±10.09*# 

67.17  
±9.75*# 

63.91  
±10.64*# 

63.83 
±10.42*#

              D/W- Distilled water ,   ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 

   Student’s paired t test, *p < 0.001 as compared to D/W,# p < 0.001(significantly higher) vs  ASP 

  
 

 Table 50: Effect of Phyllanthus emblica on percentage inhibition of aggregation ( PI% ) 

 ASP (µg/ml) Phyllanthus emblica (µg/ml) 

 25 150 250 500 1000 
ADP 2.5µM 34.00 

 ±6.03 
7.87  
±3.83@ 

10.19 
±4.26@ 

12.77 
±4.18@ 

12.98 
±3.76@ 

EPI   5µM 42.13 
 ±6.37 

11.91 
 ±3.12@ 

13.84 
±3.42@ 

16.50 
±4.39@ 

16.55 
±4.26@ 

COL 1µg/mL 29.93  
±7.07 

10.94  
±5.92@ 

12.68 
±5.43@ 

17.04 
±6.99@ 

17.06 
±7.32@ 

  ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 
                 Student’s paired t test,  @ p < 0.001 ( significantly lower ) vs  ASP 

                                 
To compare extent of anti-platelet activity of Phyllanthus emblica with that of aspirin, percent 

inhibition of platelets (PI) was calculated (Table 50 and Fig.46). Aspirin induced platelet 

inhibition was significantly higher than that with all the four concentrations of Pe against all 

the three aggregating agents.  
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Plumbago zeylanica  

As seen in Table 51 and Fig. 47, aspirin significantly (p < 0.001) inhibited the maximum 

platelet aggregation induced by all the 3 aggregating agents. Pz also in all 3 concentrations 

tested, was found to significantly inhibit the maximum aggregation of platelets induced by 

ADP (2.5μM), epinephrine (5 μM) and collagen (1 µg /ml). However, like Phyllanthus 

emblica, these MPA values were found to be significantly higher when compared to aspirin. 

   
Table 51: Effect of Plumbago zeylanica on maximum platelet aggregation (MPA%) 

 D/W ASP  
(µg/ml) Plumbago zeylanica (µg/ml) 

  25 12.5 25 40 166 
ADP 2.5µM 78.50 

±5.21 
53.92 
±7.03* 

69.33 
±7.11*# 

68.25 
±6.98*# 

65.33 
±7.29*# 

65.50 
±8.50*# 

EPI   5µM 87.42 
±5.70 

51.42 
±5.33* 

80.67 
±6.01*# 

78.58 
±5.23*# 

76.67 
±5.79* 

76.33 
±9.01*# 

COL 1µg/mL 81.42 
±6.35 

53.25 
±8.17* 

75.75 
±5.71*# 

74.75 
±5.43*# 

72.75 
±4.16*# 

69.58 
±3.75*# 

                          D/W- Distilled water ,  ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                   All values are indicative of Mean ±  SD. Number of volunteers = 12 

     Student’s paired t test, *p < 0.001 as compared to D/W   # p < 0.001(significantly higher) vs ASP 
 
                     
 

Table 52: Effect of Plumbago zeylanica on percentage inhibition of aggregation( PI% ) 

 ASP (µg/ml) Plumbago zeylanica (µg/ml) 

 25 12.5 25 40 166 

ADP .5µM 31.44  
±4.19 

11.72 
±6.34@ 

13.08 
±6.54@ 

16.78 
±7.45@ 

16.67 
±8.23@ 

EPI    5µM 40.80  
±8.28 

7.74 
 ±2.63@ 

10.09 
±2.17@ 

12.30 
±3.24@ 

12.85 
±6.75@ 

COL µg/mL 34.89  
±5.86 

6.89  
±3.32@ 

8.07 
 ±4.21@ 

10.33 
±6.12@ 

14.21 
±6.02@ 

     ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
     All values are indicative of Mean ±  SD. Number of volunteers = 12    
     Student’s paired t test,  @ p < 0.001 ( significantly lower ) vs  ASP 

                    
 

When percent inhibition of platelets induced by this test drug was compared with that of 

aspirin, all the three concentrations of Plumbago zeylanica had lesser antiplatelet activity than 

that of aspirin against all the three aggregating agents (Table 52 and Fig.48).  
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Cyperus rotundus  

 
Table 53: Effect of Cyperus rotundus on maximum platelet aggregation ( MPA%). 

 D/W ASP (µg/ml) Cyperus rotundus (µg/ml) 

  25  75  250 1000 
ADP 2.5µM 74.25 

±7.11 
48.92  
±5.58* 

71.08 
±6.53*# 

69.42 
±6.26*# 

68.92 
±6.76*# 

EPI   5µM 82.33 
±4.91 

47.58  
±5.57* 

77.17 
±5.34*# 

75.00 
±5.67*# 

74.75 
±4.83*# 

COL 1µg/mL 76.75 
±8.79 

53.58  
±6.86* 

72.58 
±8.39*# 

70.92 
±9.27*# 

69.92 
±9.24*# 

                 D/W- Distilled water ,   ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
   All values are indicative of Mean ±  SD. Number of volunteers = 12    

                 Student’s paired t test, *p < 0.001 as compared to D/W , # p < 0.001(significantly higher) vs ASP 
                         
 

  Table 54: Effect of Cyperus rotundus on percentage inhibition of aggregation (PI%) 

             ASP (µg/ml) Cyperus rotundus (µg/ml) 

 25  75  250 1000 
ADP 2.5µM 34.00 

±6.03 
4.18 
±3.71@ 

6.37  
±4.64@ 

7.08  
±5.06@ 

EPI 5µM 42.13  
±6.37 

6.21 
±4.88@ 

8.81 
±6.02@ 

9.02  
±6.54@ 

COL 1µg/mL 29.93 
±7.07 

5.41  
±2.60@ 

7.73 
±3.38@ 

8.97  
±4.68@ 

              ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 
                 Student’s paired t test,  @ p < 0.001 ( significantly lower ) vs  ASP 
                    
 
 

Cyperus rotundus in all the 3 concentrations tested, inhibited significantly(Tables 53 and 

Fig.49), aggregation induced by ADP (2.5μM), epinephrine (5 μM) and collagen (1μg/ml) as 

compared to the distilled water. The positive control, aspirin also inhibited the maximum 

platelet aggregation induced by these 3 aggregating agents. The MPA values for the test IMP 

were significantly lesser than that for aspirin. 

When percent inhibition of platelets induced by the aspirin was compared with that of Cyperus 

rotundus, it was found that all the three concentrations of test drug showed significantly lesser 

anti-platelet activity than that of aspirin against all the three aggregating agents (Table 53and 

Fig.50 ). 
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Embelia ribes  

 

Table 55: Effect of Embelia ribes on maximum platelet aggregation (MPA%). 

 D/W ASP 
(µg/ml)  

Embelia ribes (µg/ml) 

  25 50  166  330 
ADP 2.5µM 78.50  

± 5.21 
53.92  
± 7.03* 

74.17 
±4.24*# 

71.50 
± 4.38*# 

70.33 
± 6.62*# 

EPI 5µM 87.42  
± 5.70 

51.42  
± 5.33* 

82.92  
±6.17*# 

81.00  
± 5.46*# 

81.08  
± 6.04*# 

COL 1µg/mL 81.42  
± 6.35 

53.25  
± 8.17* 

76.92 
± 8.22*# 

74.83  
± 4.28*# 

74.33 
± 6.39*# 

                 D/W- Distilled water ,   ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 

                           Student’s paired t test, *p < 0.001 as compared to D/W; # p < 0.001( significantly higher) vs  ASP 
                            
 

Table 56: Effect of Embelia ribes on percentage inhibition of aggregation ( PI% ) 

 ASP (µg/ml)  Embelia ribes (µg/ml) 

 25 50  166  330 
ADP 2.5µM 31.44 

±4.19 
5.32  
±5.61@ 

8.72  
±5.77@ 

10.35  
±6.96@ 

EPI 5µM 40.80 
±8.28 

5.17 
±2.78@ 

7.21 
±5.50@ 

7.06  
±6.99@ 

COL 1µg/mL 34.89 
±5.86 

5.29  
±4.25@ 

7.90  
±3.78@ 

8.70  
±3.37@ 

                 ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 
                 Student’s paired t test,  @ p < 0.001 ( significantly lower ) vs  ASP 

                    

Table 55 and Fig.51 illustrate the maximum platelet aggregation induced by aspirin in 

presence of all the 3 aggregating agents. A significant inhibition in platelet aggregability was 

observed against ADP, collagen and epinephrine when compared to distilled water control. 

Embelia ribes in all 3 concentrations tested, also inhibited significantly, maximum 

aggregation of platelets induced by these aggregating agents. However, this decrease in MPA 

was significantly lesser than that for aspirin. 

 

When percent inhibition of platelets induced by Embelia ribes was compared with aspirin, it 

was found that all the three concentrations of Embelia ribes showed significantly lesser 
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antiplatelet activity than that of aspirin against all the three aggregating  agents(Table 56 and 

Fig.52). 

 

Inference 

All the 4 IMPs tested for their effects on platelet aggregability exhibited reduction in 

maximum platelet aggregation induced by commonly used aggregating agents. However, 

these effects were variable. Of these 4 plants, maximum anti-platelet activity was exerted by 

Phyllanthus emblica and Plumbago zeylanica. Phyllanthus emblica at the concentration of 

500µg/ml showed 12.77±4.18% percentage inhibition against ADP, 16.50±4.39% against 

epinephrine and 17.04±6.99% against collagen and a comparable activity was seen with 1000 

µg /ml of plant extract. Plumbago zeylanica exhibited at the concentration of 40 µg/ml, 

16.78±7.45% percentage inhibition against ADP, 12.30±3.24% against epinephrine and 

10.33±6.12% against collagen.  The highest concentration tested for this plant extract i.e.166   

µg /ml, also showed comparable activity to that 40 µg/ml plant extract. As against these two 

agents, inhibition of platelet aggregation shown by Cyperus rotundus and Embelia ribes was 

not more than 10 % against any of the aggregating agent.  

 

Anti-platelet activity exerted by aspirin remained significantly higher than  all the 4 IMPs. PI 

induced by aspirin 25µg/ml was found to be about 31 –34 % when ADP was used as an 

aggregating agent, 40 –42% when aggregation was induced by epinephrine and 29 –34 % with 

collagen as an aggregating agent.  

 

Part 1b: Study of antiplatelet activity at selected concentrations of each drug (from Part 

1a) in combination with aspirin and with each other. 

 

In this part, Phyllanthus emblica and Plumbago zeylanica at the concentrations showing 

maximum anti-platelet activity in part 1a, were combined individually with Aspirin (0.025 mg 

/ ml) and the anti-platelet activity of combinations were studied in platelets procured from 

normal volunteers . In addition, these two agents were combined in the same concentrations 

with each other to evaluate anti-platelet activity. The results were compared with that of 

aspirin alone. 
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Subject population 

Twelve normal male volunteers in the age group 18 to 55 years were recruited after taking 

their written informed consent.  

The inclusion and exclusion criteria remained same as for part 1a. 
 

Methodology 
 

To evaluate the effect of combination of selected IMPs on platelet aggregation in vitro.  

Platelets procured from each of the volunteers were divided into 3 sets for incubation with 

following agents:  

1. Phyllanthus emblica 500 μg/ml and Plumbago zeylanica 40 μg/ml  

2. Aspirin (25 μg/ml)  

3.  Distilled water 

Each of the sets was further subdivided into 3 aliquots to study the response of platelets to 

each of the aggregating agents viz. ADP 2.5 μM, Collagen 1 μg/ml and Epinephrine 5 μM. 

The aggregation was studied using the method of Born described earlier. 

 

Statistical analysis 

Maximum platelet aggregation induced by the aggregating agents in presence of vehicle 

(distilled water) was compared with that of aspirin. Maximum platelet aggregation induced by 

the aggregating agents in presence of combination of Pe+Pz was compared with that of 

distilled water as well as aspirin. Student’s paired ‘t’test was used for the comparisons. 

Percentage inhibition of platelet aggregation (for each of the aggregating agents) induced by 

combination of IMPs was compared with that of aspirin using Student’s paired ‘t’ test. A p 

value of <0.05 was considered as significant. 

 

Results 

Effect of combination of Indian medicinal plants (IMPs) with aspirin on the aggregation of 

platelets  

 

Effects of co-incubation of platelets with Phyllanthus emblica and aspirin, on the maximum 

platelet aggregation induced by all the 3 aggregating agents are depicted in Table 57 and 

Fig.53. A significant inhibition in platelet aggregability was observed with aspirin at a 

concentration of 25µg/ml, against ADP, collagen and epinephrine. When in addition to 
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aspirin, 500 mg/ml of Phyllanthus emblica was used no further change was produced in MPA 

values and they remained comparable to aspirin. 

 

When percent inhibition of aggregation was calculated, it was found that the combination of 

aspirin with Phyllanthus emblica was comparable with that of aspirin alone (Table58; Fig.54). 

Effects of co-incubation of platelets with Plumbago zeylanica and aspirin on the maximum 

platelet aggregation induced by all the 3 aggregating agents are depicted in Table 59 and 

Fig.53. The significant inhibition in platelet aggregability induced by aspirin against ADP, 

collagen and epinephrine was not influenced by addition of  40 μg/ml of Plumbago zeylanica 

and MPA values remained comparable to aspirin alone. 

When percent inhibition of aggregation was calculated, it was found that PI seen with the 

combination of aspirin with Plumbago zeylanica was comparable with that of aspirin (Table 

60; Fig. 54). 

     
 

Table 57: Effect of co-incubation of Phyllanthus emblica with aspirin on  maximum    

                  platelet  aggregation (MPA%) 

 D/W  ASP  
25µg/ml 

Phyllanthus emblica 
         500µg/ml 
              + 
       ASP 25 µg/ml 

ADP 2.5µM 74.42±9.82 49.67±6.91* 47.83±8.4* NS 

Epinephrine 5µM 83.33±5.28 48.00±6.02* 49.08±6.04* NS 

Collagen 1 µg/ml 76.08±10.66 53.50±7.13* 55.33±9.07* NS 

              D/W- Distilled water ,   ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 
              Student’s paired t test,  *p < 0.001 as compared to D/W,  NS  = not significant vs ASP 
 

 Table 58: Effect of co-incubation of Phyllanthus emblica with aspirin on percent 
inhibition  of aggregation ( PI %) 

 
ASP  
25 µg/ml 

  Phyllanthus emblica 
         500µg/ml 
              + 
       ASP 25 µg/ml 

ADP 2.5µM 32.6±10.1 35.01±12.27 NS 

Epinephrine 5µM 42.26±7.69 40.89±8.29 NS 
Collagen 1 µg/ml 29.15±8.23 27.89±7.63 NS 

                  ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                  All values are indicative of Mean ±  SD. Number of volunteers = 12 

Student’s paired t test,  NS  = not significant vs ASP 
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             Table 59: Effect of co-incubation of Plumbago zeylanica with aspirin on maximum  
platelet aggregation (%) 

   D/W    ASP  
  25µg/ml 

Plumbago zeylanica       
    40µg/ml 
        + 
   ASP 25 µg/ml 

ADP 2.5µM 74.42±9.82 49.67±6.91* 51.25±7.29* NS 

Epinephrine 5µM 83.33±5.28 48.00±6.02* 50.08±7.00* NS 

Collagen 1 µg/ml 76.08±10.66 53.50±7.13* 55.42±8.03* NS 

                  D/W- Distilled water ,   ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                  All values are indicative of Mean ±  SD. Number of volunteers = 12 
                  Student’s paired t test,  *p < 0.001 as compared to D/W,  NS  = not significant vs ASP 
 
 

Table 60:  Effect of co-incubation of Plumbago zeylanica with aspirin on percent    
                            inhibition of aggregation ( PI %) 

 
ASP  
25µg/ml 

Plumbago zeylanica        
    40µg/ml 
        + 
   ASP 25 µg/ml 

ADP 2.5µM 32.6±10.1 30.45±10.68 NS 

Epinephrine 5µM 42.26±7.69 39.73±9.03 NS 

Collagen 1 µg/ml 29.15±8.23 26.89 ±6.91 NS 

                  ASP- Aspirin, ADP adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                  All values are indicative of Mean ±  SD. Number of volunteers = 12 

       Student’s paired t test,  NS  = not significant vs ASP 

 

Effect of combination of Phyllanthus emblica and Plumbago zeylanica on platelet 

aggregation 

 
It was decided to use 500 μg/ml of Phyllanthus emblica and 40 μg/ml Plumbago zeylanica in 

combination to evaluate the effect of combination on the maximum platelet aggregation 

induced by the aggregating agents and compare the same with that of aspirin. 

As seen in Table 61 and Fig.55, aspirin inhibited the maximum platelet aggregation induced 

by all the 3 aggregating agents. The IMPs used in combination significantly inhibited platelet 

aggregation when compared to the distilled water. The MPA values seen with the combination 

were comparable to that of aspirin only when ADP was the aggregating agent. However, they 

were significantly higher than that seen with aspirin when epinephrine and collagen were used 

as aggregating agents. 
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The percent inhibition of aggregation caused by the combination of IMPs was compared with 

that of aspirin. It was found that the combination showed comparable antiplatelet activity (PI 

27.97±5.82 %) with aspirin (PI being 30.63±5.07%) against ADP, but not against collagen and 

epinephrine (Table 62; Fig.55). 

 

Table 61: Effect of co-incubation of Phyllanthus emblica and Plumbago zeylanica  
on maximum platelet aggregation (%) 

 D/W ASP 
25 µg/ml 

Pe 500µg/ml 
+ 

Pz 40 µg/ml 
ADP 2.5µM 77.92±5.55 54.08±5.90* 56.17±6.19*NS 
Epinephrine 5µM 86.58±4.98 50.83±5.04* 73.25±6.81*# 
Collagen 1 µg/ml 79.33±5.94 53.25±8.17* 70.33±8.22*# 

                D/W- Distilled water ,   ASP- Aspirin, Pe - Phyllanthus emblica, Pz- Plumbago zeylanicus                  
All values are indicative of Mean ± SD. Number of volunteers = 12. 
Student’s paired t test,  *p < 0.001 as compared to D/W,   
                                      NS  not significant,  # p < 0.05 (MPA higher) vs ASP 

 
                    
                  

Table 62: Effect of co-incubation of Phyllanthus emblica and Plumbago zeylanica 
 on  percent inhibition of aggregation ( PI %) 

 ASP 

25 µg/ml 

Pe 500µg/ml 
         + 
Pz 40 µg/ml 

ADP 2.5µM 30.63±5.07 27.97±5.82 NS 
Epinephrine 5µM 40.99±7.75 15.33±7.07@ 
Collagen 1 µg/ml 33.04±7.94 11.31±8.63@ 

                 ASP- Aspirin, Pe - Phyllanthus emblica, Pz- Plumbago zeylanicus                  
All values are indicative of Mean ± SD. Number of volunteers = 12. 

                 Student’s paired t test,  NS  = not significant vs ASP , @p < 0.001(PI lower) vs ASP 

 

Inference 

Co-incubation of platelets either with Phyllanthus emblica and aspirin or with Plumbago 

zeylanica and aspirin did not produce better antiplatelet effect than aspirin alone.       

As per Ayurvedic pharmacology, these two plants have opposing characteristics but they have 

similar tissue affinities i.e. both act on blood (rakta) and fat (meda) (Gogte, 2000a,b) Besides, 

in phase 1 of this study, they shown have anti-hyperlipidemic effects, while in this part of 

phase 2, both were found to have anti-platelet activity. Hence it was thought worthwhile to 

study the two in combination for possible additive or synergistic effects. Such combination 
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may also be safe considering that the Phyllanthus emblica may negate the adverse effects of 

Plumbago zeylanica. 

 

Against normal platelets, Phyllanthus emblica and Plumbago zeylanica in combination 

showed antiplatelet activity comparable to that of aspirin against ADP. However, the 

combination was not found to be as effective as aspirin against collagen and epinephrine 

induced platelet aggregation. Considering the major role played by ADP in perpetuation of 

platelet aggregation on atherosclerotic plaques, the combination of Phyllanthus emblica and 

Plumbago zeylanica may have therapeutic implications. A currently widely used potent anti-

platelet agent, clopidogrel also acts only through interference with ADP mediated platelet 

reactions [Sharis, et al, 1998; Geiger et al, 1999]. 

 
 
Part 2: Study design in hyperlipidaemic patients 

 
Hyperlipidemia is associated with abnormal platelet responsiveness [Lacoste et al, 1995]. It 

was felt that activity of the plant drugs against these platelets would serve as an important 

milestone in their development as antiplatelet agents. 

 

To study the effect of Indian medicinal plants on aggregation of platelets procured from 

hyperlipidemic patients, this in vitro study was carried out. After analysis of results of Part 1, 

two plant drugs viz. Phyllanthus emblica and Plumbago zeylanica were selected to evaluate 

their antiplatelet activity in hyperlipidemic patients.  

 
The study was further divided into 2 parts: 

 

Part 2a: Selection of concentrations of Phyllanthus emblica and Plumbago zeylanica using  in 

vitro testing first by platelet viability followed by its effect on the platelet aggregability. 

Part 2b: Effect of combination of selected concentrations of Phyllanthus emblica and 

Plumbago zeylanica (from Part 2a) on in vitro antiplatelet activity in hyperlipedic patients. 

 
 
Part 2a:Selection of concentrations of Phyllanthus emblica and Plumbago zeylanica using 

in vitro testing first by platelet viability followed by its effect on the platelet 
aggregability 

 
In this part, prospective, randomized, controlled study in hyperlipidemic patients was 
undertaken.  
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Subject population 

Forty-two, male hyperlipidemic patients were recruited for the study from Cardiology OPD of 

our institution after taking their informed consent. 

Inclusion criteria 

Male patients in the age group of 18 to 55 years, attending the Cardiology OPD of our hospital 

and having  

- plasma cholesterol >220 mg% with / without  

- plasma LDL cholesterol >160 mg% and / or 

- plasma triglycerides >165 mg% were recruited.  

Exclusion criteria  

- History of systemic disorders involving liver and spleen, kidney and bone marrow,   

diabetes and  hypertension.  

- History of known platelet dysfunction or any other  bleeding tendencies 

- History of intake of alcohol  

- History of smoking 

- History of bleeding disorders in family  

- History of treatment with anti-hyperlipidemic agents 

- History of intake of dugs within preceeding 1 month which affect platelet function e.g.  

alpha blockers, NSAIDS, steroids and antibiotics. 

- History of consumption of any drugs from alternative systems of medicine in the 

preceeding 2 month. 

 

Methodology 

After obtaining the informed written consent, the patients fulfilling the above criteria were 

asked to report to the laboratory and their blood was collected to determine serum levels of 

lipids. They were then clinically examined. They were then asked to report to the laboratory 

after an overnight fasting. They were asked to take light diet on the preceeding night to avoid 

lipid rich food. 20 ml blood was collected from the anti-cubiital vein using a 20 ml syringe 

with gentle aspiration. It was then transferred to polystyrene tubes gently, which contained 

sodium citrate as an anti-coagulant, in a ratio of 9:1 (blood: anti-coagulant).    
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Platelet Viability 

Blood was collected from 6 of these patients to procure platelets. The method for studying 

platelet viability has been described earlier in detail. Following concentrations of study drugs 

were selected to determine their effects on platelet viability after 3 mins exposure. 

 

Table 63: Concentrations of plant drugs for viability studies  

Drugs Concentrations for platelet viability studies (μg/ml) 

Phyllanthus emblica 75, 150,250,500,1000,2000 

Plumbago zeylanica 12.5, 25, 40, 80, 166, 330 
 

Results  

Effect of Phyllanthus emblica and Plumbago zeylanica on Lactate dehydrogenase release 

from platelets of hyperlipidemic patients was as given below. 

Basal values of LDH release on addition of distilled water did not differ from those observed 

after incubation with distilled water for 3 min. In addition, basal values of LDH release on 

addition of test drugs remained comparable to the basal values for distilled water. Table 64 

shows the values of LDH release with distilled water (both, basal and post-incubation) and 

with the highest concentration of each of the test drugs. 

 

Table 64: Effect of distilled water and test drugs on LDH release  

Test Agents LDH Release (IU/L) 

Distilled water (basal ) 264.9 ±30.6 
Distilled water (post-incubation) 

Pe 
Pz 

 
265 ± 30.45 NS 

260.11±26.23 NS 
Pe (2 mg/ml) (basal) 289.36 ± 31.45 NS 

Pz (330µg/ml) (basal) 276.33 ± 21.35 NS 
Pe = Phyllanthus emblica, Pz = Plumbago zeylanica, 
All values are indicative of Mean ±SD; n= 6 per group 
Student’s paired ‘t’ test  : NS  = not significant vs Distilled water (basal )  

 

 

 

Phyllanthus emblica 

When the working platelet rich plasma was incubated with different concentrations of 

Phyllanthus emblica, the highest concentration i.e. 2 mg/ml increased the LDH release 
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(p<0.05) significantly compared to the post-incubation release with vehicle control(Table 65). 

The other 5 concentrations appeared to be non-toxic.        

 

Table 65: Effect of Phyllanthus emblica (Pe) on LDH release 

Vehicle/Plant drug Post-incubation LDH (IU/L) 

Distilled water 265 ± 30.45 

Pe (75 µg/ml) 278.05± 23.75 NS 

Pe (150 µg/ml) 288.00± 20.65 NS 

Pe (250 µg/ml) 289.17±30.30 NS 

Pe (500µg/ml) 288.70± 20.34 NS 

Pe (1 mg/ml) 290± 28.55 NS 

Pe(2 mg/ml) 311.53 ± 34.61* 

All values are indicative of Mean ±SD; n= 6 per group     
Student’s paired ‘t’ test,  NS = Not significant,*p<0.05 vs Distilled water 

 

Plumbago zeylanica  

No significant increase in LDH release was found when the working platelet rich plasma was 

incubated with different concentrations of Plumbago zeylanica (Table 66). All values 

remained comparable with that of vehicle control. 

 

Table 66: Effect of Plumbago zeylanica (Pz) on LDH release 

Vehicle/Plant drug Post-incubation LDH (IU/L) 

Distilled water 260.11±26.23 

Pz (12.5µg/ml) 259.16±16.75 NS 

Pz (25µg/ml) 268.22±10.43 NS 

Pz (40µg/ml) 268.18±19.32 NS 

Pz (80µg/ml) 270.77±20.11 NS 

Pz (166µg/ml) 275.53±18.95 NS 

Pz (330µg/ml) 281.33±10.17 NS 
All values are indicative of Mean ±SD; n= 6 per group 
Student’s paired ‘t’ test,  NS = Not significant vs Distilled water 

The release of LDH was measured using an autoanalyser and post-incubation values were 

compared with distilled water control. Based on these results 3 non-toxic concentrations for 

each drug were selected for aggregation study. 
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Effect of Phyllanthus emblica and Plumbago zeylanica on platelet aggregation 

The remaining 36 patients were randomly allocated to 3 groups depending on the aggregating 

agent to be used while studying platelet aggregability. These groups were as follows: 

Groups Aggregating agent 

1 ADP             2.5 μM 

2 Collagen      1 μg/ml 

3 Epinephrine 5 μM 
 

From the blood of these volunteers, working platelet rich plasma was obtained. WPRP was 

divided into different aliquots to be incubated with 3 different concentrations of given test 

drug, distilled water and aspirin. Table 67 shows the various concentrations of the drugs 

selected for the study. 

        
          Table 67: Concentration of plant drugs selected for aggregation studies 

Drugs Concentrations for aggregation studies  (μg/ml) 

Phyllanthus emblica 150, 500,1000 

Plumbago zeylanica 12.5, 40, 166 
 

Maximum platelet aggregations in response to the given aggregating agent under the influence 

of test drugs or aspirin or distilled water were recorded with the help of platelet aggrecorder. 

Using these results, the percent inhibition was calculated as described above.  
 

Statistical analysis 

Maximum platelet aggregation induced by the aggregating agents in presence of vehicle 

(distilled water) was compared with that of aspirin. Student’s paired ‘t’test was used for the 

same. Similarly, maximum platelet aggregation induced by aggregating agents in presence of 

various concentrations of test drugs was compared with that of distilled water and aspirin 

using paired‘t’ test. 

Percentage inhibition of platelet aggregation (for each of the aggregating agents) induced by 

aspirin was compared with that of the test drugs. Student’s paired‘t’ test was used for the 

analysis. A p value of <0.05 was considered as significant. 
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Results 
 
Effect of Phyllanthus emblica and Plumbago zeylanica on the platelet aggregation in 

hyperlipidemic patients  

 

Effects of the selected concentrations of the above-mentioned plant filtrates on maximum 

aggregation of platelets induced by the aggregating agents are described below for the 

individual plant.  The percentage inhibition of platelet aggregation with individual plant is 

compared with that of aspirin. 

 
Table 68:  Effect of Phyllanthus emblica and Plumbago zeylanica on maximum platelet 

aggregation (MPA %) 

 D/W ASP 25 
µg/ml Pe µg/ml Pz µg/ml 

   150 500 1000 12.5 40 166 
ADP  
2.5µM 

75.42 
±7.87 

53.83 
±10.58* 

67.75 
±9.78*# 

65.00 
±10.09*#

64.17 
±8.79*# 

64.25 
±13.03*# 

61.50 
±13.83*# 

61.75 
±11.76*#

EPI 
5µM 

84.50 
±4.93 

41.83 
±4.24* 

77.33 
±4.91*# 

75.33 
±4.85*# 

73.42 
±3.65*# 

72.42 
±4.36*# 

69.83 
±4.06*# 

70.83 
±4.39*# 

COL  
1µg/ml 

80.25 
±4.79 

57.92 
±9.23* 

74.83 
±4.71*# 

70.42 
±6.32*# 

67.67 
±7.35*# 

67.83 
±6.90*# 

66.75 
±8.05*# 

68.25 
±6.81*# 

               D/W- Distilled water,   ASP- Aspirin, ADP -adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 

                Student’s paired t test, *p < 0.001 as compared to D/W# p < 0.001(significantly higher) vs ASP 

                          
As seen in Table 68 and Fig.56, significant inhibition in platelet aggregability was observed 

by aspirin against ADP (2.5μM), collagen (1μg/ml) and epinephrine (5 μM) as compared to 

distilled water. Phyllanthus emblica as well as Plumbago zeylanica in all the 3 concentrations 

significantly inhibited aggregation induced by ADP, collagen and epinephrine. However, 

when effects of aspirin were compared with those of the drugs, it was observed that the MPA 

values were significantly lesser with aspirin as anti-platelet agent (Table 68). 

 

When percent inhibition of platelets was calculated for aspirin and the IMPs, it was found that 

all the three concentrations of Phyllanthus emblica and Plumbago zeylanica exerted 

significantly lesser antiplatelet activity than that of aspirin against all the three aggregating 

agents (Table 69; Fig 57).  
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Table 69: Effect of Phyllanthus emblica and Plumbago zeylanica on percentage             
inhibition of aggregation (PI %)  

 ASP 25 
µg/ml Pe µg/ml Pz µg/ml 

  150 500 1000 12.5 40 166 

ADP 
2.5µM 

29.07 
± 9.32 

10.40 
± 6.69@

14.11 
± 7.13@ 

15.06 
± 5.99@ 

15.54 
± 
10.46@ 

19.26 
± 11.78@ 

18.72 
± 9.22@ 

EPI   
5µM 

50.55 
±3.17 

7.85 
± 3.29@

9.42 
± 3.91@ 

13.04 
± 2.76@ 

14.28 
± 2.19@ 

17.34 
± 1.96@ 

16.14 
± 3.09@ 

COL 
1µg/ml 

27.59 
±12.40 

6.68 
± 4.21@

12.03 
± 8.59@ 

15.54 
± 9.12@ 

15.12 
± 
10.25@ 

16.60 
± 10.08@ 

14.54 
± 10.55@ 

                 ASP- Aspirin, ADP -adenosine -5’-diphosphate, EPI -Epinephirine, COL- Collagen 
                 All values are indicative of Mean ±  SD. Number of volunteers = 12 
                 Student’s paired t test, @ p < 0.001 (significantly lower) vs ASP 
 
 

Inference 

Phyllanthus emblica at the concentration of 500µg/ml showed 14.11±7.13% percentage 

inhibition against ADP, 9.42±3.91% against epinephrine and 12.03±8.59% against collagen. 

This activity was comparable to 1000 µg /ml of the drug. Plumbago zeylanica exhibited at the 

concentration of 40 µg/ml, 19.26±11.78% percentage inhibition against ADP, 17.34±1.96 % 

against epinephrine and 16.60±10.08 % against collagen.  This activity was comparable to the 

highest concentration tested for this drug i.e.166 µg /ml of the drug. Anti-platelet activity 

exerted by aspirin remained significantly more than these 2 plant drugs. PI induced by aspirin 

25µg/ml was found to be 29.07±9.32% when ADP was an aggregating agent, 50.55±3.17% 

when epinephrine was an aggregating agent and 27.59±12.40 % when collagen was an 

aggregating agent.  

 

Part 2b: Effect of combination of selected concentrations of Phyllanthus emblica and 
Plumbago zeylanica on in vitro antiplatelet activity in hyperlipedic patients. 

 
In hyperlipidemic patients both 500 μg/ml of Phyllanthus emblica and 40 μg/ml Plumbago 
zeylanica exerted best antiplatelet activity. It was decided to use these two drugs in the above 
mentioned concentrations in combination to evaluate their effect on the maximum platelet 
aggregation induced by the aggregating agents and compare the same with that of aspirin. 
As seen in Table 70 and Fig.58, aspirin inhibited the maximum platelet aggregation induced 
by all the 3 aggregating agents. The IMPs used in combination significantly inhibited platelet 
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aggregation when compared to the distilled water. The MPA values seen with the combination 
were comparable to that of aspirin when ADP and collagen were the aggregating agents. 
However, MPA value seen with the combination was significantly higher than that seen with 
aspirin when epinephrine was used as aggregating agent. 
 
The percent inhibition of aggregation caused by the combination of IMPs was compared with 
that of aspirin. It was found that the combination showed comparable antiplatelet activity (PI 
24.51± 11.07 %) with aspirin (PI being 28.64± 10.68 %) against ADP and collagen (PI for 
combination: 19.40± 8.12 % and for aspirin: 25.59± 11.69 %).However percent inhibition 
with aspirin was significantly higher against epinephrine than with the combination(Table 71; 
Fig.58). 

 
Table70: Effect of co-incubation of Phyllanthus emblica and Plumbago  
               zeylanicus on maximum platelet aggregation (MPA%) 

 D/W 
ASP 

25 µg/ml 

Pe 500 µg/ml 
+ 

Pz 40 µg/ml 

ADP 2.5µM 77.50±8.32 55.67±11.56* 58.83±12.05*NS 

Epinephrine 5µM 84.58±4.83 43.25±3.65*     71.50±5.13*# 

Collagen 1 µg/ml 79.83±5.10 59.33±9.57* 64.33±7.39*NS 

                  D/W- Distilled water,  ASP- Aspirin, ADP -adenosine -5’-diphosphate,  
                  Pe - Phyllanthus emblica, Pz- Plumbago zeylanicus                  
                  All values are indicative of Mean ±  SD. Number of volunteers = 12 
                  Student’s paired t test,  *p < 0.001 as compared to D/W,  
                                                        NS  = not significant,  # p < 0.05 (MPA higher) vs ASP 
 

Table 71: Effect of co-incubation of Phyllanthus emblica and Plumbago zeylanica  
                  on percentage inhibition of aggregation (PI%) 

 
ASP 

25 µg/ml 

Pe 500 µg/ml 
+ 

Pz 40 µg/ml 
ADP 2.5µM 28.64 ± 10.68 24.51 ± 11.07 NS 

Epinephrine 5µM 48.82 ± 3.95 15.44 ± 4.19@  
Collagen 1 µg/ml 25.59 ± 11.69 19.40 ± 8.12 NS 

    ASP- Aspirin, ADP -adenosine -5’-diphosphate,   Pe - Phyllanthus emblica, Pz- Plumbago zeylanicus                  
                  All values are indicative of Mean ±  SD. Number of volunteers = 12 
                  Student’s paired t test,  NS  = not significant,@p < 0.001(PI lower) vs ASP 
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Inference 

 
The inhibitory effect of combination of Phyllanthus emblica and Plumbago zeylanica on 

aggregation of platelets procured from hyperlipidemic patients was higher than the individual 

plants. The values were comparable to aspirin when ADP and collagen were the aggregating 

agents. Thus this part proves the anti-platelet activity of combination of Phyllanthus emblica 

and Plumbago zeylanica in normal voulunters as well as in hyperlipidemic patients (against 

ADP and collagen). This synergistic effect against platelet aggregation was comparable to 

aspirin.  

 
 

       B. Endothelial wall responsiveness 

 
            One of the important pathogenic pathways is the responsiveness of vascular 

endothelium to oxidized LDL. The process of atherosclerosis gets initiated with the vascular 

inflammation in response to LDL. The endogenous substances like NO and prostaglandins 

protect the vascular endothelium against this onslaught. However, the studies which are 

required to evaluate effects of the selected medicinal plants on vascular responsiveness were 

cost-intensive. The financial support was disrupted during the study and hence it was not 

possible to study vascular inflammation.  

During this period it was decided to take up pharmacological studies for our own research 

interest which may provide some lead towards the future vascular inflammation studies. 

Hence effects of these drugs were first studied against the inflammation using 2 animal 

models. Subsequently with the release of further grant, studies as per the plan submitted were 

carried out for their effects against vascular inflammation.   
 

Anti-inflammatory activity of Indian medicinal plants in acute models of inflammation 
 
 

Objective 

To evaluation of anti-inflammatory activity of Phyllanthus emblica, Plumbago zeylanica, 

Cyperus rotundus and the combination of Phyllanthus emblic and Plumbago zeylanica against 

two models of acute inflammation viz. Carrageenan induced paw edema in rats and peritonitis 

induced by acetic acid in mice. 
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Methodology 
 
To fulfill the above-mentioned objective, the two separate experiments, Carrageenan induced 

paw edema in rats and peritonitis induced by acetic acid in mice.were conducted after an 

approval of the Institutional Animal Ethics Committee.   

 

In the following paragraphs, the details of the test drugs used in the study and two different 

methods followed for measuring the inflammation are described. This is followed by the 

detailed study designs along with statistical methods and the results. 

 

Study drugs 

The plant drugs selected for evaluation were Plumbago zeylanica (Pz), Phyllanthus emblica 

(Pe), and Cyperus rotundus (Cr). Standardised and authenticated aqueous extracts of the plant 

drugs, were procured from M/s. Zandu Pharmaceuticals Ltd. Mumbai  Table 72 illustrates the 

parts and doses of  these plant drugs used for the present study. 

 

Table 72: Parts and doses of the plant drugs used  

Plant Drug Part Used
Human 

Dose 
(gm/day) 

Extractive 
Values  

Rat dose 
(mg/kg/day) 

Of crude 
drug   

Mouse  dose 
(mg/kg/day) 

Of crude 
drug   

Plumbago zeylanica Root 0.5-1 15:1 90 130 

Phyllanthus emblica Dried 
fruit 3-6 4:1 540 780 

Cyperus rotundus Root 1-3 7:1 270 390 

  

 Positive Control  

A prototype anti-inflammatory agent from modern medicine aspirin (Acetyl salicylic acid: 

Aspirin, A2093) was purchased from Sigma Aldrich Co., St louis, Mi, USA and used in the 

study. As suspension of aspirin in distilled water was used, distilled water served as a vehicle 

control.Aspirin(500mg/kg/day in rats and 722.2 mg/kg/day in mice)administered orally as 1ml 

 
The aqueous extracts of the plant drugs were suspended in a vehicle 1% carboxy methyl 

cellulose (CMC), aspirin and the vehicles were  administered orally to the animals in the 

respective doses one hour before injecting the inflammation inducing agents viz  carrageenan 

and acetic acid . 
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Carrageenan induced paw edema in rats (Winter et al, 1962) 

Experimental Animals 
Wistar rats of either sex weighing between 180-200 gms. The model was standardized by 

measuring the paw volume in normal rats and rats injected with 0.1 ml of 1% Carrageenan. 

After the model was standardized the rats were randomly divided into 7 groups each 

comprising of 6 animals. 

Experimental groups 
Table 73: Experimental groups and treatments received 

Group  
(n = 6) Insult Drug / Vehicle 

1 
(Vehicle control) CMC Distilled water (eq. vol.) 

2 
(Disease control ) Carrageenan Distilled water (eq. vol.) 

3 Carrageenan Aspirin (500 mg /kg ) 

4 Carrageenan Plumbago zeylanica (Pz) (90mg/kg) 

5 Carrageenan Phyllanthus emblica (Pe) (540mg/kg) 

6 Carrageenan Cyperus rotundus (Cr) (270mg/kg) 
7 Carrageenan Pe + Pz  (90+540mg/kg) 

Experimental procedure  

The rats were fasted for 12 hours before taking them for experiments. Tibio-tarsal junction of 

right hind paw of each rat was identified by palpation and marked with a marker pen. The 

basal paw volume was measured using a Plethysmograph. The study drugs were administered 

orally to animals in the respective groups. One hour later, pedal inflammation was introduced 

by injecting 0.1 ml of 1% carrageenan in carboxymethylcellulose (CMC) under the sub-

plantar aponeurosis of the right hind foot of each rat. Paw volume was recorded 3 hours after 

the carrageenan injection. 

Percentage edema and percentage inhibition of rat paw edema with respect to the control 

group were calculated using the following formulae for each test group.  

 

                                

 

   

 

 

Where   Ec is the % edema of the control group and Et is the % edema of the test group  

% Edema (E) = 
Basal paw volume  

Percentage inhibition of edema = Ec – Et  X 100 
Ec 

Paw volume at the end of 3 hours (ml)     X 100 
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Acetic acid induced peritonitis in mice (Tomisawa et al, 1973) 
 
Experimental Animals  

Forty two Swiss albino mice weighing approximately 20-30 grams were used. The animals 

were divided into seven groups as mentioned below,  

After standardization of the model the effect of the study drugs, i.e. Phyllanthus emblica (Pe), 

Plumbago zeylanica (Pz), Cyperus rotundus (Cr) and the combination of Pe+Pz was evaluated  

using Aspirin as the positive control. 

 

Experimental groups 

The animals were randomly allocated to 7 groups as follows: 
 

Table 74: Experimental groups and treatments received  

Group 

(n = 6) 
Insult Drug / Vehicle 

1 
(Vehicle control) 

DW Distilled water (eq. vol.) 

2 
(Disease control) 

1.2 % Acetic acid Distilled water  

3 1.2 % Acetic acid Aspirin (722.2 mg /kg) 

4 1.2 % Acetic acid Plumbago zeylanica (130 mg/kg ) 

5 1.2 % Acetic acid Phyllanthus emblica (780 mg/kg) 

6 1.2 % Acetic acid Cyperus rotundus (390 mg/kg) 

7 1.2 % Acetic acid Pe + Pz (780 + 130)mg/kg 

            DW: Distilled water 

 
 

Experimental procedure  

The mice were kept fasting for 12 hours. On the day of experiment peritonitis was induced by 

giving injection of freshly prepared 1.2 % acetic acid solution in the dose of 0.25 ml 

intraperitoneally to the mice. One hour before distilled water was given orally in dose of 25 

ml/100 grams which served as vehicle control. Acetic acid was freshly prepared 30 minutes 

prior to injection. The dilution was prepared in distilled water, 1.2 ml of Acetic acid in 100 ml 

of distilled water. Acetic acid (A 6283) was purchased from Sigma-Aldrich Co. Ltd. USA. 

After three hours, the animals were sacrificed by cervical dislocation. Through laparotomy, 

the viscera were irrigated gently with EDTA-containing saline and the washings were 

collected. Protein content of peritoneal lavage of each mouse was measured at 3 hours. Protein 
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content in mg /dl was estimated using micro protein kits and protein contents were estimated 

by Pyrogallol red method. The percentage inhibition of protein exudation with respect to the 

vehicle control was calculated.  

The percentage inhibition (PI) of each group with respect to disease control was calculated  

.          

% of inhibition     =       Pc – Pt     X 100    

                                  Pc 

         Pc= Protein content of control 

Pt = Protein content of test Group 
 

Statixstical analysis  

The results were expressed as mean ± SD. Percentage inhibition of edema and % inhibition of 

protein exedute groups of animals treated with plant drugs was compared with those received 

only distilled water  (vehicle control) group as well as disease control (Carrageenan or acetic 

acid insult + distilled water) group. One-way ANOVA with followed by post hoc tukey’s test 

was used for the comparisons. A ‘p’ value of < 0.05 was considered significant. 
 

Results: 

Carageenan induced paw edema: 

Table 75: Effect of study drugs on carageenan induced paw edema 

Paw volume 
(ml of water) Sr. 

No. 
 

Groups 
At 0 hour After 3 

hours 

 
% Edema 

Percentage 
Inhibition 

1 Vehicle control 1.37 
± 0.09 

1.52 
± 0.13 

102.67 
± 6.97 ----- 

2 Disease control 1.46  
± 0.09 

2.30  
± 0.30 

156.74$$$ 

± 12.54  

3 Aspirin 1.41 
± 0.12 

1.73 
± 0.09 

123.74** 

± 13.78  21.05 

4 Plumbago zeylanica  1.44 
± 0.10 

2.05 
± 0.15 

142.33NS 
± 10.63 9.19 

5 Phyllanthus emblica  1.48 
± 0.13 

1.98 
± 0.24 

134.84 NS 
± 21.25  13.97 

6 Cyperus rotundus  
1.62 

± 0.05 
2.30 

± 0.05 
142.14 NS 

± 4.29 9.31 

7 Pe + Pz 1.50 
± 0.12 

1.84 
± 0.28 

124.39** 

± 26.37 20.64 
Results expressed as mean ± SD, 
ANOVA followed by post hoc tukey’s test : $$$ p < 0.001 Vs vehiclel  control 
                                                                        ** p < 0.01  Vs Disease control         
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As seen from the results (Table 75; Fig.59), there was a significant rise in percent paw edema 

in the disease control group as compared to normal. After administering aspirin there was a 

significant fall in the % paw edema and the percent inhibition was found to be 21.05. When 

the individual study drugs were administered, it was seen that all the drugs showed a trend 

towards reducing the edema however the reduction was not significant. The group given the 

combination of Pe + Pz reduced the edema significantly and was comparable to that of aspirin. 

Acetic acid induced peritonitis in mice: 

 

Table 76: Effect of study drugs on acetic acid induced peritonitis in mice 

Sr. 
No. Groups Protein content  

 (mg/dl) 

1 Normal 67.79 ± 15.02 

2 Disease control 611.37 ± 34.03 @ 

3 Aspirin 276.60 ± 24.06 *** 

4 Plumbago zeylanica  459.04 ± 19.41 *** 

5 Phyllanthus emblica  415.67 ± 27.24 *** 

6 Cyperus rotundus  516.84 ± 13.60 ** 

7 Pe + Pz 350.96 ± 20.81 *** 

            Figures represente Mean ± SD  

                  ANOVA followed by post hoc tukey’s test @ p < 0.001 vs vehicle control l,       
                                                                          **P< 0.01, ***P< 0.001Vs Disease control 

. 
As seen from the above table and Fig. 60, it is evident there was a significant increase in the 

protein content after inducing peritonitis in-group 2 as compared to group1. After treatment 

with aspirin there was a significant decrease in the protein levels as compared to group 2. 

There was comparable decrease in protein content found in all other groups which were 

administered study drugs  with respect to group 2 (p<0.001 and p< 0.01 for group 6).Group 7 

which received the combination therapy of Pe + Pz exhibited maximum effect as compared to 

the drugs given individually. 
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Inference:  

1. Phyllanthus emblica, Plumbago zeylanica and Cyperus rotundus (medohara drugs) 

exhibited anti inflammatory potential which may contribute to their anti- atherosclerotic 

effect. 

2. The combination of Phyllanthus emblica and Plumbago zeylanica, selected on the basis of 

their Ayurvedic properties was found to be synergistic. 

3. Anti-inflammatory effect of the combination therapy appears to be contributing to the anti-

atherosclerotic effects exerted by medohara plants from Ayurveda. However, further 

confirmation is needed using a model of vascular inflammation. 

 

 In vitro studies were planned with following objectives: 

    1. To study effect of (Phyllanthus emblica, Plumbago zeylanica, and the combination of  

         Plumbago zeylanica and Phyllanthus emblica on vascular responsiveness 

     2. To investigate the mechanisms underlying the effects of the plant drugs on vascular        

         responsiveness due to  IMPs  

 
To meet the objectives the study was carried out in 3 parts: Part 1 - Part 3 as described below. 

Ethics Committee permission 

Permission from Institutional Ethics Committee was taken prior to start of the study. 

Study drugs 

Standardised and authenticated aqueous extracts of the specified parts of the selected plant 

drug were procured from Zandu Pharmaceticals Ltd, Mumbai. The same were used for the 

earlier phases.The concentrations of the study drugs were extrapolated from the human dose 

and selected on the basis of viability assay (MTT assay).  

1. Phyllanthus emblica  

 Aqueous extract of dried fruit of Phyllanthus emblica was used for the study. (Extractive 

value 4:1) [Crude drug concentrations: 70μg/ml, 140μg/ml, 175μg/ml, 350μg/ml, 1000μg/ml, 

2000μg/ml]. 
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2. Plumbago zeylanica)  

 Aqueous extract of dry roots of Plumbago zeylanica was used for the study. (Extractive value 

15:1) [Crude drug concentrations: 10μg/ml, 20μg/ml, 30μg/ml, 60μg/ml, 170μg/ml, 

340μg/ml].  

3. Combination of Phyllanthus emblica and Plumbago zeylanica (Pe + Pz) was used for the 

study [Crude drug concentrations: 350 μg/ml + 30 μg/ml]. This concentration was selected 

from the earlier in vitro studies. 

 

Cell Line  

Human umbilical vein endothelial cells (HUVEC) were obtained by enzymatic digestion 

method and maintained in log phase in the tissue culture laboratory for the assay. The isolated 

cells were authenticated by identifying Weibel Palade (WP) bodies in the cells using electron 

microscopy technique at the Tata Memorial Hospital. 

• Rat smooth muscle cell line A7r5 were procured from NCCS, Pune and maintained in log  

       phase in the tissue culture laboratory for the assay. 

• Monocytes were procured from the heparinised blood of normal human volunteers after 

taking a written informed consent and maintained in log phase in the tissue culture 

laboratory for the  assay. 

 
Part 1: To study effect of Phyllanthus emblica, Plumbago zeylanica and the combination  

             of  Phyllanthus emblica and  Plumbago zeylanica  on nitric oxide synthesis by     

             endothelial cell culture in-vitro, both in presence/absence of exogenous and  

             endogenous NO donors.  

 
Methodology 

Determination of Nitric oxide by Greiss method (Hon et al, 1997) 

The cells were centrifuged at 1500 rpm for 10 mins to obtain a cell pellet. The supernatant was 

discarded and the cell concentration was adjusted to1x106 cells/ml by diluting with culture 

medium and 10% FCS. 100μl of the cell suspension was added to 96 well tissue culture plate 
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and 80 μl of the media, 5% FCS was added along with 20μl of different concentrations of test 

drugs found to be non-toxic to the cells. Distilled water served as the negative control.  

The plates were incubated for 48 hrs at 37o C in CO2 incubator. After the incubation period 

was over, 100 μl of supernatant was transferred to another plate. Sodium nitrite served as 

standard. Dilutions of sodium nitrite were made in culture media in the range of 0.39μM/ml to 

200μM/ml and were run along with the samples during each assay. 100μl of freshly prepared 

Greiss reagent was added to standard/supernatants and the mixtures was incubated for 10 mins 

at room temperature. 

To measure NO, the optical density of the colour developed was measured on an ELISA 

reader at 540 nm. Each time a graph of sodium nitrite concentration versus corresponding 

optical densities was plotted. The optical densities of the test samples were noted and the 

nitrites present in the supernatants of the samples were estimated by extrapolating the values 

from the standard graph.  

To study the effect of study drugs on NO released by endothelial cells in presence of 

exogenous and endogenous NO donors, the cells pre-treated with IMPs were incubated with 

sodium nitroprusside (SNP), exogenous NO donor (10 μM) or L- arginine, endogenous NO 

donor (100 μM) for 24 hrs at 37o C in CO2 incubator and NO was estimated as described 

above.  

 
Study Groups 

1. Cells (HUVECs)+ distilled water 

2. Cells (HUVECs)+ Phyllanthus emblica  

3. Cells (HUVECs) + Plumbago zeylanica 

4. Cells (HUVECs) + [Pe + Pz] 

5. Cells (HUVECs) + Pe + SNP 

6. Cells (HUVECs) + Pz + SNP 

7. Cells (HUVECs) + [Pe + Pz] + SNP 

8. Cells (HUVECs) + Pe + L- Arg 

9. Cells (HUVECs) + Pz + L- Arg 

10. Cells (HUVECs) + [Pe + Pz]  + L- Arg 
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Part 2: To study effect of Phyllanthus emblica,  Plumbago zeylanica and the combination 

of  Phyllanthus emblica and  Plumbago zeylanica on interactions between co-

culture of endothelial cells- smooth muscle cells (EC / SMC) and monocytes in 

presence of LDL wth respect to chemotactic and adhesive ability of monocytes 

 

A. Monocyte chemotaxis Assay 

The co-cultures of endothelial cells - smooth muscle cells (EC / SMC) were incubated with 

native LDL (250μg/ml) in the presence and absence of various concentrations of Pz and 

combination of Pe + Pz for 24 hrs. Co-cultures were subsequently washed and fresh culture 

medium was added and incubated for 8 hrs. At the end of incubation the supernatant was 

collected, diluted 40- fold and assayed for monocyte chemotactic activity.   

Chemotaxis assay was performed in a 48 well Neuroprobe chamber with a polycarbonate filter 

of 5 μm pore size separating the upper and lower chambers. 1x 105 monocytes were added to 

each upper well, the lower wells were filled with 25 μL of supernatant from the various co-

culture systems and incubated for 1 hr at 370C in 5% incubator. The number of monocytes per 

high power field that migrated to the lower surface of the filter were counted. 

 

B. Monocyte adhesion assay 

The co-cultures of endothelial cells - smooth muscle cells (EC / SMC)  were incubated with 

20 µl of native LDL (250μg/mL) and 20 µl of study drugs for 24 hrs at 37o C in CO2 

incubator.100 µl of the above supernatant was transferred to fresh endothelial monolayers in 

48 well tissue culture plates and was incubated for 4 hrs at 37o C in CO2 incubator. 

The medium was removed and the endothelial cell layers were washed three times with RPMI 

1640 containing 1 % FCS. 1x 105 monocytes / mL were placed on the endothelial cells and the 

plate was incubated for 30 mins at 37o C in CO2 incubator. 

 The suspension was removed and the cell layers were vigorously washed 3 times to remove 

all but the firmly adherent monocytes. The number of monocytes adherent to endothelial cells 

was determined in 4 high power fields per well. 
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Study Groups 

1. Cells (HUVECs) + distilled water 

2. Cells (HUVECs) + LDL 

3. Cells (HUVECs) + LDL + Phyllanthus emblica 

4. Cells (HUVECs) + LDL + Plumbago zeylanica 

5. Cells (HUVECs) + LDL + [Pe + Pz]   

 
Part 3: To study effect of Plumbago zeylanica, Phyllanthus emblica and their combination 

on prostaglandin (PG) production by endothelial cell culture in-vitro and 

confirm whether they have a direct effect on PG production or an indirect effect 

through release of NO.    
 

Prostacyclins (Prostaglandin I2) another strong vasodilator secreted by vascular endothelial 

cells is also a potent endogenous inhibitor of platelet aggregation. It plays an important role in 

cardiovascular disease. NO and prostaglandins (PGs) such as prostacyclin (PGI2) and 

prostaglandin E2 (PGE2) share a number of common functions although they are part of 

different metabolic pathways. In the body, increased NO levels significantly increases PG. In 

presence of cyclooxygenase (COX) inhibitors, attenuation of PG is compensated by increased 

release of NO. However vascular PGs fail to compensate reduction in NO after incubation 

with NOS   inhibitors (Vassalle C, 2003) 

Methodology 

Initially the effect of study drugs on prostaglandin release by endothelial cells was studied. 

Endothelial cells were plated in a 24 well tissue culture plate reaching 80% of confluent 

monolayers. They were incubated with M-199 media without phenol red, supplemented with 

antibiotics alone for 48 hrs. Then they were incubated with various concentrations of study 

drugs for 24 hours at 37o C in CO2 incubator. The supernatant was used for the PG assay. The 

concentration of PGE2 &  keto – PGF1α, a metabolite of PGI2 were assayed in supernatant 

samples by enzymatic immunoassay with a PGE2 and PGF1 α  kit.  

 

Study Groups 

1. Cells (HUVECs) + distilled water 

2. Cells (HUVECs) + Phyllanthus emblica (140, 175, 350 and 1000 μg/ml) 

3. Cells (HUVECs) + Plumbago zeylanica (20, 30, 60 and 170 μg/ml) 

4. Cells (HUVECs) + [Pe + Pz]  ( 350 + 30 μg/ml resp.) 
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To confirm whether the study drugs and their combination have a direct effect on PG 

production or the effect is indirect, mediated through increased NO release, inhibitors of Nitric 

Oxide synthase (eNOS) and Cyclooxygenase (COX) were used.  

For this, endothelial cells in the log phase of multiplication were co-incubated with various 

concentrations of the study drugs and their combination for 24 hrs at 37o C in CO2 incubator. 

Distilled water served as negative control. Pre- treated cells were further incubated for 24 hrs 

at 37o C in CO2 incubator with either NG monomethyl- L- arginine (L-NMMA), an inhibitor 

of NOS or indomethacin, inhibitor of COX and the PG levels were estimated as described 

above.  

 
Study Groups 

1. Cells (HUVECs) + distilled water +NOS inhibitor 

2. Cells (HUVECs) + Phyllanthus emblica + NOS inhibitor 

3. Cells (HUVECs) + Plumbago zeylanica + NOS inhibitor 

4. Cells (HUVECs) + [Pe + Pz]  + NOS inhibitor 

5. Cells (HUVECs) + distilled water + COX inhibitor 

6. Cells (HUVECs) + Phyllanthus emblica + COX inhibitor 

7. Cells (HUVECs) + Plumbago zeylanica + COX inhibitor 

8. Cells (HUVECs) + [Pe + Pz]  + COX inhibitor 

 

Statistical analysis 

The data represented as the mean ± SD of 4 experiments was analysed by ANOVA. PG 

release by endothelial cells in presence of study drugs and their combination was compared 

with distilled water. Dunnet’s test was applied for multiple comparison testing; p level <0.05 

versus controls was considered as statistically significant. 

 
Results 

The results of various experiments conducted as described earlier are stated here. The results 

are statistically analyzed and presented in a tabular format. 

 
Part I 

 

Effect of various concentrations of test drugs on viability of endothelial cells was observed 

using MTT assay. From the MTT assay it was found that when endothelial cells were 
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incubated with distilled water (the vehicle control) the viability was 0.88 ± 0.022 (Table 77). 

The viability of the cells was maintained when incubated with the concentrations of 

Phyllanthus emblica, Plumbago zeylanica and the combination.  

Table 77 : Effect of study drugs on percent viability of endothelial cells 

(μg/ml) Conc. 
Pe  70 140 175 350 1000 2000 

Viability 1.21±0.01 1.62 ± 
0.01 

1.91 ± 
0.01 

2.28 ± 
0.09 

2.35 ± 
0.03 

2.11 ± 
0.01 

(μg/ml) Conc. 
Pz  10 20 30 60 170 340 

Viability 0.99 ± 
0.01 

1.06 ± 
0.01 

1.18 ± 
0.01 

1.22 ± 
0.02 

1.03 ± 
0.01 

0.98 ± 
0.01 

(μg/ml)      Conc. 
Pe +Pz 350+30      

Viability 1.56 ± 0.01     

Figures indicate Optical Density (Mean and SD) of MTT assay; Distilled water (DW):  0.88 ± 0.022 
Students paired ‘t’ test: Not significant vs DW 

 

Effect of study drugs on Nitric Oxide (NO) production with or without NO donor   

When the endothelial cells were incubated with distilled water for 48 hours, the NO released 

by the cells was observed to be 14.88 ± 0.13 μM/mL.  

On incubation of EC with Pe, a significant increase in production of NO was seen at all 

concentrations compared the distilled water control (p<0.001;Table78; Fig.61). NO production 

was found to be 18.74±0.40 µM/ml with 70 µg/ml  of Pe, which increased with increase in 

concentration till 350 µg/ml. Thereafter, a plateau effect was observed and NO production 

with 1000 and 2000 µg/ml were found to be comparable to 350 µg/ml. When various 

concentrations of Pz were added to EC, the increase in mean NO was greater than control at 

all the concentrations. The difference was statistically significant with p<0.001. The Pe+Pz 

combination (350+30 µg/ml) showed significantly high NO production (21.56 ± 0.12 µM/ml) 

as compared to distilled water control ( p<0.001). When compared with the NO produced with 

individual concentrations, the values were comparable with Pe 350 µg/ml and the values were 

higher than those obtained with Pz 30 µg/ml (p<0.001). 

When the endothelial cells where exposed to endogenous donor L – Arg (100 µM/ml ) and 

exogenous donor SNP (10 µM/ml) the NO release was found to be significantly (Fig.62 ; 

Fig.63) higher than that produced by distilled water alone. It was also observed that the nitric 
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oxide released by the individual concentrations of the study drugs in presence of NO donors 

was more than that released by the distilled water and NO donor together.  

Table 78:   Effect on Nitric Oxide (NO) production with or without NO donor   

NO (µM/ml) 

Sr.No. Group Without  
NO donor  

L – Arg   
(100 µM/ml) 

SNP  
(10 µM/ml) 

1 Distilled water 14.875 ± 0.13 22.39 ± 0.06$ 20.78 ± 0.1$ 
 Phyllanthus emblica (µg/ml) 
2 70  18.74±0.40* 32.17± 1.11@ 29.65± 0.47# 
3 140 19.20±0.19* 35.19± 0.29@ 30.11± 0.25# 
4 175 19.78±0.23* 33.23± 0.49@ 31.25± 0.130# 
5 350 20.19±0.23* 36.14± 0.30@ 33.34± 0.20# 
6 1000 20.48±0.26* 30.86± 0.27@ 32.61± 0.17# 
7 2000 20.08±0.11* 29.89± 0.63@ 32.11± 0.12# 
 Plumbago zeylanica (µg/ml) 
8 10 17.60±0.18* 29.46± 0.06@ 30.07± 0.07# 
9 20 17.97±0.07* 29.95± 0.08@ 30.29± 0.24# 
10 30 18.21±0.14* 31.29 ± 0.06@ 31.00 ± 0.18# 
11 60 18.78±0.11* 30.67± 0.11@ 31.89± 0.20# 
12 170 19.47±0.11* 27.65± 0.20@ 30.25± 0.22# 
13 340 19.80±0.09* 27.14± 0.06@ 29.89± 0.12# 
 [Pe + Pz ] (µg/ml) 
14 (350+30) 21.56 ± 0.12* 37.11± 0.59@ 32.21± 0.23# 

Pe- Phyllanthus emblica , Pz- Plumbago zeylanica L-Arg –L- Arginine, SNP –Sodium Nitroprusside   
* p < 0.001 vs  DW, @ p < 0.001 vs  L-Arg,  # p< 0.001 vs SNP; $ p<0.001 vs basal  

The combination of Phyllanthus emblica and Plumbago zeylanica (Pe + Pz) also showed 

greater NO production compared to distilled water (Fig.61). It also showed significantly 

higher values than 30µg/ml of Plumbago zeylanica alone. However, the values of NO were 

comparable to that of 350 µg/ml of Phyllanthus emblica. The NO released by the combination 

in presence of NO donors was statistically significant than both the NO donors (Fig.62; 

Fig.63). Again the values observed in presence of l-arginine were higher than Plumbago 

zeylanica and also showed a trend towards higher side than Phyllanthus emblica. But the 

difference for the latter was not statistically significant. In presence of exogenous donor, SNP 

however though the combination showed an increased release of NO, the amount released was 

not significantly higher than the individual drugs. 

Inference 

Phyllanthus emblica, Plumbago zeylanica, and the combination of Phyllanthus emblica 

and Plumbago zeylanica increased the NO production. Further, they also potentiated the 
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effect of both endogenous as well as exogenous NO producers pointing towards a dual 

mechanism of action.  

 
Part II 

 

In this part, effects of the study drugs on chemotaxis and adhesion of monocytes were 

evaluated (Table 79; Fig.64 & Fig. 65). LDL significantly increased monocyte chemotaxis and 

their adhesion to endothelial cells. 

 

Table 79: Effect on chemotaxis and adhesion of monocytes to endothelial cells 

Sr No. Groups 
N=4 

Chemotaxis 
(Monocytes/Hpf) 

Adhesion of monocytes 
(Monocytes/Hpf) 

1 Distilled water  4 ± 0.8 3.18±0.5 
2 LDL 25.25 ±1.5# 25±1.8# 
 Phyllanthus emblica (µg/ml) 
3 Pe 70+ LDL 17.5 ± 0.40@ 19.81± 0.6@ 
4 Pe 140+ LDL 17.37 ± 0.47@ 18.25± 0.2@ 
5 Pe 175+ LDL 15.06 ± 0.59@ 16.87± 0.5@ 
6 Pe 350+ LDL 12.75 ± 0.65@ 13.81± 0.4@ 
7 Pe 1000+ LDL 11.43 ± 0.51@ 12.87± 0.5@ 
8 Pe 2000+ LDL 10.06 ± 0.31@ 11.56± 0.4@ 
 Plumbago zeylanica (µg/ml) 
9 Pz 10+ LDL 21.88 ± 0.75@ 21.63 ± 0.32@ 
10 Pz 20+ LDL 19.25 ± 0.65@ 19.81 ± 0.43@ 
11 Pz 30+ LDL 18.50 ± 0.41@ 19.44 ± 0.24@ 
12 Pz 60+ LDL 15.25± 0.20@ 18.25 ± 0.35@ 
13 Pz 170+ LDL 13.38 ± 0.32@ 16.94 ± 0.24@ 
14 Pz 340+ LDL 11.75 ± 0.20@ 12.75 ± 0.20@ 
 [Pe + Pz]  (µg/ml) 
15  (350+30) + LDL 13.19 ± 0.75@* NS 15.38± 0.33@* NS 

           All figures represent Mean ±  SD ; Pe- Phyllanthus emblica , Pz- Plumbago zeylanica;   
           Pe and Pz concentrations in μg/mL 
                 # p < 0.001 vs  DW ; @ p < 0.001 vs  LDL ; * p < 0.05 vs 30 μg/ml of Pz ; NS: not significant vs 350μg/ml Pe 

 

Phyllanthus emblica and Plumbago zeylanica decreased the chemotaxis and adhesions in 

concentration dependent manner; the decrease was significant compared to LDL control alone 

(Table 79).  

The combination [Pe+ Pz] significantly decreased the chemotaxis and adhesion. This decrease 

was significant when compared to 30μg/ml of Plumbago zeylanica alone. However, it was 

comparable to that of 350μg/ml of Phyllanthus emblica. 
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Inference 

 Plumbago zeylanica, and the combination of Phyllanthus emblica and Plumbago zeylanica 

decreased chemotaxis and adhesion of monocytes to endothelial cells that is initiated by LDL, 

which is an initial step in vascular inflammation responsible for atherosclerotic plaque 

formation. 

 
Part III 

Four concentrations of each of the study drugs were selected for this part of the study. The 

study drugs were incubated with the endothelial cells for 24 hrs and PGE2 and 6-Keto – PGF1α 

produced was measured.  

Table 80: Effect of Pe, Pz and [Pe + Pz] on PG release by HUVEC.  

Sr. No. Groups 
N=4 

6-Keto – PGF1α 
(pg/ml) 

PGE2  
(pg/ml) 

1 Distilled water  210 ± 18.26 127.5 ± 9.57 
 Phyllanthus emblica (µg/ml) 
2 Pe 140  340 ± 14.14* 185 ± 5.77# 
3 Pe 175  357.5 ± 5* 200 ± 8.16# 
4 Pe 350  415 ± 5.77* 252.5 ± 9.57# 
5 Pe 1000  410 ± 8.16*NS 215 ± 12.91# NS1 
 Plumbago zeylanica(µg/ml) 
6 Pz 20  290 ± 11.55* 165 ± 5.77# 
7 Pz 30  320 ± 8.16* 202.5 ± 9.57# 
8 Pz 60  307.5 ± 9.57* 185 ± 5.77# 
9 Pz 170  332.5 ± 9.57* 210 ± 8.16# 
 [Pe + Pz]  (µg/ml)   
10  (350 + 30)  522.5 ± 12.58*@ β 292.5 ± 15# $δ 

            N= each experiment was done 4 times 
               6-Keto–PGF1α : *  p<0.001 vs DW; NS Non significant , @ p<0.001 vs Pe 350 µg/ml 
                                                    β p<0.001 vs Pz 30 µg/ml 
               PGE2 : # p<0.001 vs DW, NS1 Non significant, $ p<0.001 vs Pe 350 µg/ml:  
                             δ   p<0.001 vs Pz 30 µg/ml 

The concentrations of 6-Keto – PGF1α (metabolite of PGI2) and PGE2 produced by HUVEC in 

presence of control (distilled water) were 210 ± 18.26 pg/ml and 127.5 ± 9.57 pg/ml 

respectively (Table 80; Fig.66 & Fig.67). Phyllanthus emblica increased the prostaglandin 

production in concentration dependent manner with maximum at 350 μg/mL (PGI2= 415 + 5.7 

pg/ml; PGE2 = 252.5 + 9.57 pg/ml). The concentration of 1000 μg/ml showed a comparable 

effect. Thus, for evaluation of mechanism of action, dose of 350μg/ml was evaluated. 
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 The production of PGI2 and PGE2 was also increased by Plumbago zeylanica and was 

maximum at 30 μg/ml. Higher concentrations did not increase the prostaglandin levels further.   

Combination of [Pe+ Pz] increased the production of both, PGI2 and PGE2 and the increase 

was more than Phyllanthus emblica or Plumbago zeylanica alone.  

To study the mechanism of action of the study drugs on enzyme COX, to produce PG (by 

endothelial cells, two inhibitors were used. L-NMMA (250 μM) served as the NOS inhibitor 

and Indomethacin (10μM) served as the COX inhibitor.  
 
Table 81: Effect of Pe, Pz and Pe + Pz on PG release by HUVEC in presence of inhibitors 

Sr. 
No. 

Groups 
N=4 

6-Keto–PGF1α 
(pg/ml) 

PGE2  
(pg/ml) 

1 Distilled water  210 ± 18.26 127.5 ± 9.57 
2 Indomethacin 10 μM 127.5 ± 5 * 60 ± 8.16# 
3 L-NMMA 250 μM 141.25 ± 10.31* 92.5 ± 9.57# 
 Study Drugs (µg/ml)   
4 Pe (350)  415±5.77* 252±9.57. # 
5 Pz (30)  320±8.16* 202.5±9.57# 
6 [Pe  + Pz ]  

(350+30)  
522.5±12.58*@£ 292.5±15.0 # $μ 

 Study Drugs (µg/ml) + COX-Inhibitor (μM) 
7 Pe (350) + Indomethacin (10) 305 ± 12.91@ 160 ± 8.16 $ 
8 Pz (30) + Indomethacin(10) 240 ± 8.16@ 172.5 ± 9.57 $ 
9 [Pe  + Pz ] + Indomethacin (10). 

(350+30)  
357.5 ± 9.57@ 205 ± 12.91 $ 

 Study Drugs (µg/ml) + NOS- Inhibitor (μM) 
10 Pe (350) + L-NMMA (250 ) 272.5 ± 9.57£ 147.5 ± 9.57μ 
11 Pz (30) + L-NMMA(250 ) 167.5 ± 9.57£ 110 ± 8.16μ 
12 [Pe  + Pz] + L-NMMA (250) 

(350+30) 
390 ± 14.14£ 182.5 ± 9.57μ 

N= each experiment was done 4 times 
    6-Keto–PGF1α * p<0.001 vs DW, PGE2 

# p<0.001 vs DW 
    6-Keto–PGF1α @ p<0.01 vs Indomethacin, PGE2 

$p<0.01 vs Indomethacin 
    6-Keto–PGF1α £ p<0.01 vs L-NMMA 250 μM, PGE2 

μp<0.01 vs vs L-NMMA 250 μM 
 

Indomethacin (COX Inhibitor) reduced the prostaglandin levels to 127.5 ± 5 pg/ml (6-Keto–

PGF1α) and 60 ± 8.16 pg/ml (PGE2 ) (P< 0.01). NOS inhibitor (L-NMMA) also decreased 6-

Keto–PGF1α to 141.25 ± 10.31 pg/ml and PGE2 to 92.5 ± 9.57pg/ml (P< 0.001) respectively at 

250μM.. These results were significantly less than those produced in presence of negative 

control distilled water (210 ± 18.26pg/ml).  

When HUVEC were incubated with Phyllanthus emblica and indomethacin combination, 6-

Keto–PGF1α and PGE2 were found to be higher than those seen with indomethacin alone 
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(Table 81;.Fig.68 &Fig.70)  But the presence of inhibitor showed that 6-Keto–PGF1α and 

PGE2 decreased from 415 ± 5.77 and 252.5 ± 9.57pg/ml (with Phyllanthus emblica alone) to 

305 ±12.91 and 160 ± 8.16 pg/ml respectively (P<0.01).  

 Similarly, Plumbago zeylanica also prevented the reduction in 6-Keto–PGF1α and PGE2 

induced by indomethacin. 6-Keto–PGF1α and PGE2 decreased from 320 ± 8.16 and 202.5 ± 

9.57 pg/ml ( with Plumbago zeylanica alone) to 240 ± 8.16 and 172.5 ± 9.57 pg/ml 

respectively (P<0.01). The combination [Pe+Pz] in presence of indomethacin showed better 

effect on the prostaglandin levels than the individual drug. 

In presence of NOS inhibitor, both Phyllanthus emblica and Plumbago zeylanica showed 

increase in PG production than the NOS inhibitor alone. But these levels were lower than that 

observed with COX inhibitor. Phyllanthus emblica and L-NMMA combination decreased 6-

Keto–PGF1α and PGE2 production to 272.5 ± 9.57 and 147.5 ± 9.57 pg/ml respectively 

(P<0.01) (Table 81; Fig 69 & Fig 71). Similarly, when HUVEC were incubated along with 

Plumbago zeylanica and L-NMMA, a decrease in 6-Keto–PGF1α and PGE2 production to 

167.5 ± 9.57 and 110 ± 8.16 pg/ml respectively (P<0.01) was observed. The combination 

again showed better results than the individual drugs. 

 Inference 
 
1. Plumbago zeylanica, Phyllanthus emblica and their combination showed increase in  

       prostaglandin synthesis by vascular endothelial cells. 

2. The prostaglandin release was not prevented using COX inhibitor with the drugs. 

Therefore  the effect of the study drugs on prostaglandin synthesis did not appear to be 

direct effect on the vascular endothelial cells. It appears that the indirect effect mediated 

via NO was responsible for the increase in PG levels observed after incubation of 

endothelial cells with the study drugs. On the other hand, PG release was also not 

prevented using NOS inhibitor. Thus the effects of study drugs are not totally mediated 

through NO. As PGs were released in the supernatant but in lesser amount in presence of 

NO inhibitor or COX inhibitor, both direct and indirect effect appeared to be responsible 

for PG release. Thus the study drugs appear to stimulate both, NOS and COX pathway 

and thus increase the production of eicosanoids. 
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Phase 3: 
         Objective: To determine whether combination of Indian Medicinal Plants made on the basis 

of their mechanism of actions exerts better anti-atherosclerotic effect and is safe. 

The experiments undertaken in this phase were: 

A.  To determine whether the combination of Phyllanthus emblica and Plumbago zeylanica exert 

 a better anti-atherosclerotic effect  and also to confirm its in vivo anti-platelet activity 

B.  To evaluate anti-atherosclerotic effect of Terminalia arjuna using the rabbit model. 
 

 

To determine whether the combination of Phyllanthus emblica and Plumbago zeylanica 

[Pe+ Pz] exerts a better anti-atherosclerotic effect and also to confirm its in vivo anti-platelet  

activity 

 

Study design 

A prospective, randomized, controlled, parallel group, third party blind experimental study 

was planned, wherein the experimental animals received the drugs/ vehicle and the 

atherogenic diet concurrently. 

 
Method  

Animals  

Adult male New-Zealand white rabbits weighing 1.5 – 2 Kg were used for this study. The 

animals were procured from National Institute of Bioscience, Pune and Mahaveera 

Enterprises, Hyderabad. Twenty four rabbits were used for the study. After procurement, the 

rabbits were allowed to acclimatize for 10 days in the animal house which has been 

maintained under standard laboratory conditions prescribed by CPCSEA. The temperature 

was maintained as 230C±40C, humidity 30-70% and a 12-h light-dark cycle. The rabbits were 

housed in individual cages made up of stainless steel.  

They were given their usual diet of fresh grass, carrots and legumes daily. Filtered drinking 

water (Aquaguard) was provided through glass bottles fitted with a stainless steel sipper. Food 

and water were supplied ad libitum during this period.  

 
Deit: 

 special cholesterol enriched diet (2% cholesterol diet) was used to induce atherosclerotic 

changes in the rabbits. This diet substituted the standard rabbit chow diet.  Both the diets were 
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procured from M/s. Pranav Agro Industries Limited, Pune in powdered form. The ingredients 

of these diets are mentioned in the below. As seen from the table the ingredients of cholesterol 

enriched diet were identical to the standard (normal) diet except for addition of cholesterol and 

bile salts. Also the amount of hydrogenated vegetable oil was higher in the cholesterol 

enriched diet. 

Composition of high cholesterol diet (HCD) and the normal diet  

Percentage (%) No. Content 

Cholesterol enriched Normal 

1. Casein 20.0 20.0 

2. Hydrogenated Vegetable oil 9.8 5.0 

3. Cellulose 4.0 4.0 

4. Salt mixture 1.5 1.5 

5. Cholesterol 2.0 - 

6. Bile salt 0.2 - 

The diet powder was mixed with filtered drinking water and rolled into pellets. Fresh pellets 

were made every day. An amount of 200g was kept in each cage. The consumption varied 

between 150-175 mg/rabbit/day. 

Study drugs 

The aqueous extracts of first plant drugs Phyllanthus emblica and Plumbago zeylanica were 

procured as described in the earlier phases. The doses for their combinations were based on 

the findings of the work done so far. The procured standardized spray dried aqueous extracts 

of Phyllanthus emblica and Plumbago zeylanicus were combined in proportion of the doses 

for rabbits that were extrapolated from the highest dose advocated for humans in therapeutic 

practice.  

 

The dose to be used in rabbits was computed for each plant drug from the higher dose of the 

range recommended in Ayurveda for human use (Gogte, 2000a, Gogte, 2000b) using dose 

conversion  table of Paget and Barnes (1964). The formulation was prepared by mixing the 

extracts together in the same ratio as the highest dose of the two plant drugs.  

Plant drug Part used Extractive value 

Phyllanthus emblica (Pe) Dried fruit 4:1 

Plumbago zeylanica (Pz) Root 15:1 
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These doses were 280 mg/kg/day for Phyllanthus emblica and 46.66 mg/kg/day for Plumbago 

zeylanica (as expressed in terms of powdered crude drug). The formulation was prepared by 

mixing the extracts together in the same ratio as the highest dose of the two plant drugs. It was 

then stored at room temperature in a dessicator containing sodium bicarbonate to avoid 

moisture. 

 

To compare the effects of this plant drug formulation, atorvastatin was selected as a 

comparator. Atorvastatin was obtained as a powder of atorvastatin from Cipla Ltd. The 

highest dose of atorvastatin recommended for humans in therapeutic practice is 80 mg/day. 

The dose selected was three-fourth of the rabbit dose extrapolated from the human dose. The 

final dose selected was 2.8 mg/kg.  

The drugs were administered in the form of suspension prepared using carboxy methyl 

cellulose (CMC) 0.5% as suspending agent (Sigma Chemical Co., USA). At the time of 

administration, the amount corresponding to the dose per kg was suspended in 1 ml of CMC. 

0.5% CMC served as the vehicle control. The total volume of suspension administered was 1 

ml/kg body weight.  

The drugs were administered orally with the help of rabbit feeding needles (No. 16).  

 
Procedure 

After the period of acclimatization, the animals were weaned off from the foliage diet and 

were fed with standard rabbit chow diet. After completion of weaning, the rabbits were kept 

fasting overnight and on Day 0, blood was collected from central ear artery using scalp vein 

set no.22 into vacutainers without any anticoagulants for the estimation of serum lipids as well 

as for liver and kidney function tests and in EDTA containing vacutainers for hematological 

examination. Sera were separated from the blood samples in plain vacutainers and stored at -

20ºC till analysis. The biochemical estimations were done within 24 hours of the collection. 

The hematological estimation was done immediately.  

The animals were then assigned randomly to various experimental groups given below based 

on total cholesterol levels. Each group comprised of six rabbits.  
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Experimental groups 

Group 
(n=6/gp) 

Diet Study Drugs Doses 
(per day) 

1 Normal Control Normal diet DW + CMC 0.5% 1 ml/kg 

2 Disease Control DW + CMC 0.5% 1 ml/kg 

3 Positive Control Atorvastatin  2.8 mg/kg 

4 Test formulation 

High 

cholesterol 

diet (2%) Pe+Pz 280 + 46.66  mg/kg 
respectively 

Key: DW: Distilled water; CMC: Carboxymethyl cellulose;  
 Pe+ Pz: Formulation containing Phyllanthus emblica and Plumbago zeylania;  

 

The diet and drugs were administered for 45 days. On the 46th day, blood samples were again 

collected from the central ear artery after an overnight fast for a) Biochemical and 

hematological investigations and b) Platelet aggregation studies. The biochemical 

investigations included lipid profile and liver and kidney function tests. For platelet 

aggregation studies the blood was collected in polystyrene tube containing acid citrate 

dextrose (ACD), using 1 volume of ACD for 5 volumes of blood. Blood was collected into a 

polystyrene tube. The rabbits were euthanized using intravenous thiopental sodium in the dose 

of 50 mg/kg. A midline incision in the abdominal region was given and the intraperitoneal 

area was accessed. Aorta was the first vessel to be isolated. The abdominal aorta was 

identified. The heart was dissected and the ascending aorta was identified. It was traced 

downwards to separate the descending aorta. Entire aorta was thus isolated, removed and 

divided into three parts: ascending aorta and arch, descending thoracic aorta and abdominal 

aorta. In addition, heart, liver, kidney and spleen were also isolated for histopathology. All the 

organs were preserved in 10% formalin-saline. They were preserved till processed for 

histopathological examination. Cross sections of the aorta were taken at 3.0 – 4.0 mm interval. 

These segments were embedded in paraffin. Cross sections of liver, kidney and heart were 

also prepared. Thin sections of tissue from paraffin blocks were cut. These sections were then 

placed on clean glass slides. After sectioning, the slides were stained with hematoxylin and 

eosin. A pathologist, who was blind to the various treatment groups, examined the stained 

sections for any evidence of atherosclerosis, fatty deposition or other pathological change.  
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Endpoints assessed 

 

1. Lipid profile 

       (Burstein, et al, 1970; Allain, et al, 1974; Fossati, et al, 1982) 

On 46th day of therapy, blood samples were again collected from marginal ear vein of the 

rabbits using scalp vein no. 22 for lipid estimation. The blood samples were allowed to clot 

and sera were separated and stored at –20ºC till the analysis. The estimations were done 

within two days of the collection. 

From the serum samples, total cholesterol, triglycerides, and HDL cholesterol were estimated 

using ERBA kits on a semi-autoanalyser. LDL estimation was done at SRL Ranbaxy Pvt Ltd., 

Mumbai., using Roche kits. VLDL was calculated by subtracting the value of LDL and HDL 

cholesterol from the total cholesterol. 

 

2. Histopathological assessment  

 

For histopathological examination, animals were sacrificed on day 46. 

Before sacrificing, the rabbits were anaesthetized using intravenous thiopental sodium in the 

dose of 50 mg/kg. Midline incisions in the abdominal region were given and the 

intraperitoneal areas were accessed. Aorta was the first vessel to be isolated .The abdominal 

aorta was identified and clamped. The heart was dissected and the ascending aorta was 

identified .It was traced downwards to separate the descending aorta. Whole of aorta was 

removed and separated into three parts.  

1) Ascending + arch of aorta 

2) Descending thoracic aort 

3) Abdominal aorta 

  

The parts of the aorta were preserved in 10% formalin-saline and later processed for 

histopathological examination. 

Cross sections of the aorta were taken at 3.0 – 4.0 mm interval. These segments were 

embedded in paraffin. Thin sections of tissue from paraffin blocks were cut. These sections 

were then placed on clean glass slides. After sectioning, the slides were stained with 

hematoxylin and eosin. A pathologist who was blind to the treatment groups examined the 

stained sections for evidence of atherosclerosis. 
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The aortic lesions were graded as described by Kamimura et al, 1999  

Grade Description 

0 
Normal artery: no intimal thickening or fibrosis, normal media, intact internal 
elastic lamina 

1 
Focal intimal thickening and proliferation without disruption of the internal 
elastic lamina  

2 
Intimal thickening of approximately 50% of the perimeter of the lumen, with or 
without disruption of the internal elastic lamina 

3 
Concentric intimal thickening, with or without disruption of the internal elastic 
lamina; without appreciable luminal stenosis (estimated at <10%) 

4 
Concentric arterial disease: intimal thickening and proliferation with disruption 
of the internal elastic lamina and the medial elastic tissue; mild or moderate 
luminal stenosis (estimated at <50%) 

5 Concentric arterial disease with severe luminal stenosis (estimated at >50%) 
 

3. Morphometric image analysis of aorta 

The sections of different segments of the aorta were analysed using an image analyzing 

software (Image-Pro Plus Version 6.2). The image from the microscope for image analysis 

was viewed at a magnification of 5X objective x 10X eyepiece x 3X camera lens.  The 

calibrator was also viewed through the same magnification. The contours of the lumen and 

internal elastic lamina were traced electronically. Using the data the extent of atherosclerosis 

was quantified.  
 

Quantification of extent of atherosclerosis (Weiner et al, 1986) 

The tracings of the lumen and internal elastic lamina yielded the perimeter of the respective 

contours as well as the areas bounded by them.  

The area of the atherosclerotic lesion was calculated by subtracting the area bounded by the 

lumen from the area bounded by the internal elastic lamina. The ideal lumen area for each 

section was calculated from the perimeter of the internal elastic lamina by assuming a circular 

structure in vivo. The mean lesion area and % of mean luminal encroachment was calculated 

as follows:  

 

 

 

 

Sum of the lesion areas of all the sections of a vessel 
Number of sections per vessel 

Mean lesion area  =      

Sum of the ideal lumen area of all the sections of a vessel 
Number of sections per vessel 

Mean lumen area  = 

Mean lesion area of vessel       X 100 
Mean lumen area of vessel 

% of mean luminal encroachment =   
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4. Platelet aggregation 

Platelet aggregation was studied using the turbidimetric method of Born in 1962. The 

technique of using washed platelets for platelet aggregation (Bevers et al, 2002) was 

standardized in our laboratory and the same was used in the present study. After obtaining 

platelet rich plasma (PRP), it was centrifuged to obtain a platelet pellet which was washed 

twice with modified Hepes tyrode buffer. The platelet count was finally adjusted to 

2.5lac/mm3 using the suspension buffer. The maximum platelet aggregation (MPA) was 

recorded against 10 μM and 20 μM of ADP (Sigma Chemical Co., USA) and 5 μg/ml and 10 

μg/ml collagen (Chronolog Corp) as an optical curve on a platelet aggrecorder (490-4D Four 

channel automatic optical aggregation system, Chronolog Corporation, USA).  

The principle behind this method is given below. 

 

Principle 

When a fluid containing a cellular suspension is placed between a light source and a photocell, 

certain amount of light transmission takes place, which is recorded on a chart recorder. When 

a suitable aggregating agent is added, platelets aggregate, and the turbidity of the suspension 

gets reduced so that light transmission increases. The percentage change in the light 

transmission is correlated with the extent of aggregation.  
 

In view of the results of lipid profile and the observations done during Phase I of the study, it 

was realized that the plasma samples obtained are the high cholesterol diet groups were highly 

lipemic. Hence, it was felt that doing platelet aggregation studies by the turbidimetric method 

using such samples would lead to erroneous results. On going through the literature, it was 

found that platelet aggregation studies were also done using suspensions of washed platelets. 

The technique of using washed platelets for platelet aggregation was standardized in our 

laboratory and the same was used to study the platelet aggregation pattern in this phase of the 

study.  

 

Reagents 

1) Wash Buffer 

In this buffer Sodium chloride, Potassium chloride, Magnesim chloride, Sodium dihydrogen 

phosphate, Sodium bicarbonate, Dextrose, Bovine serum albumin and Hepes salt (Sigma- 

4034) were mixed in appropriate molarities and the pH was adjusted to 6.6.   
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2) Suspension Buffer 

To prepare the buffer the constituents mentioned in wash buffer were mixed with Calcium 

salts in appropriate molarities and the pH was adjusted to 7.4.   

Wash Buffer Suspension Buffer Constituents 

mM mM 
Sodium chloride 137 137 
Potassium chloride 2.7 2.7 
Magnesim chloride 1 1 
NaH2PO4 0.4 0.4 
NaHCO3 4 11.9 
Glucose 5.5 11.1 
CaCl2  -- 1.8 
Bovine serum albumin 0.35% 0.35% 
Hepes salt (Sigma- 4034) 3.8 3.8 
pH 6.6 7.4 

 

3) Acid Citrate Dextrose 

ACD containing Citric acid (52mM), Trisodium citrate (80mM) and Dextrose (180mM) was 

used as an anticoagulant.  

4) Aggregating agents 

Adenosine- 5'-diphosphate (ADP) and Collagen were used as aggregating agents for this phase 

of the study. ADP (Cat. No.: A-2754) was obtained from Sigma Chemical Co., USA and 

Collagen (Catalog No.: Chrono- Par #385) was obtained from Chronolog Corp., USA. These 

aggregating agents were used in the following concentrations:  

ADP - 20 μM and 10 μM and  

Collagen- 10 μg/ml and 5 μg/ml.   

These concentrations were selected based on the standardization experiments conducted at our 

laboratory. 

     

Preparation of aggregating agents 

a) ADP: ADP was weighed and dissolved in distilled water to a concentration of 1mg/ml. 

This was the stock solution. From this 40 μl of stock solution was taken and added to 410 μl 

of normal saline to it. This is the working solution of 200 μM ADP, which gives a final 

concentration of 20 μM in the working test volume. Further dilution was prepared to obtain a 

concentration of 10 μM. Stock solutions of ADP were kept refrigerated at -20°C. 
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b) Collagen: Collagen is available as a 1 mg/ml solution. A working solution of 100 μg/ml 

was prepared using 20 μl of collagen and 180 μl of normal saline. This solution gives a final 

concentration of 10 μg/ml in the working test volume. This solution was further diluted to 

obtain a concentration of 5 μg/ml. The collagen stock solution was stored at 4-8°C. 

 

Procedure 

Preparation of washed platelet suspension 

1. Blood was collected on acid citrate dextrose (ACD), using 1 volume of ACD for 5 

volumes of blood. Blood was collected into a polystyrene tube.  

2. Blood was allowed to rest at room temperature for 10 min. 

3. The blood was centrifuged at 800 rpm for 8 min in a cytocentrifuge at room temperature.  

4. The platelet rich plasma (PRP) which is obtained as a supernatant was separated out into 

another tube. 

5. The PRP was centrifuged at 2000 rpm for 15 min 

6. The supernatant was discarded. The pellet was resuspended in 1 ml of wash buffer. The 

volume was adjusted to 14 ml with wash buffer and 1 ml of ACD was added.  

7. The suspension was again centrifuged at 2000 rpm for 15 min.  

8. Steps 7 and 8 were repeated. 

9. After the final wash, the pellet was resuspended in 0.5 ml wash buffer. The volume was 

adjusted to 2 ml with suspension buffer. ACD is not added in this step. Do not add ACD. 

10. The platelets are allowed to recover from the isolation procedure by leaving them at room 

temperature for 10 min. 

11. The platelet count was taken using a hematological counter.  

12. The platelet count was adjusted to 2.5 lac/mm3 using the suspension buffer. 

13. The platelets were allowed to rest for 15min.  

14. This suspension was the working suspension.  

 

Platelet aggregation 

1. Aggregocorder was allowed to warm upto 37°C. 

2. The working suspension samples (450 μl each) were incubated in the incubation wells at 

37°C for 5 mins in siliconised glass cuvettes (washed cuvettes dipped in 0.5% silicone oil 

emulsion and dried in hot air oven at 120°C for 1 hour) 
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3. After incubation, the cuvettes were transferred to their respective wells on the 

aggrecorder; a cuvette containing 500 μl of suspension buffer was kept in the reference 

well. 

4. The reference baseline of 100 % transmittance and sample baseline at 0 % were set. 

5. All the 4 stirrers (Teflon coated stirbars) were set on (at 1000 rpm) and 50 μl of the 

aggregating agent was added slowly to the working samples with continuous stirring. 

6. Optical curve was allowed to run for 10 minutes. 

7. The time of starting the aggregation after adding the aggregating agent and the time of 

stopping the procedure were set. 

8. The aggregation pattern was recorded as percent aggregation versus time for a period of 

10 minutes. The Maximum Platelet Aggregation (MPA) was recorded as an optical curve 

on the aggrecorder.  

For each animal, the aggregation pattern with both concentrations of the two aggregating 

agents was recorded. The different channels of the aggregometer were used simultaneously.  

 

5. Serum biochemistry and hematological profile  

To assess the safety the following estimations were done 

Serum biochemistry 

• Blood urea nitrogen (BUN) 

• Serum Creatinine 

• SGOT 

• SGPT 

• Total proteins 

• Serum Albumin 

• Total Bilirubin  

• Direct Bilirubin 

The estimations were done on an autoanalyser (Smart Lab) using ERBA kits 

Hematology 

• Total leucocyte count 

• Red blood cell count 

• Hemoglobin 

• Hematocrit 

• Mean corpuscular volume (MCV) 
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• Mean corpuscular hemoglobin (MCH) 

• Mean corpuscular hemoglobin concentration (MCHC) 

• Platelets 

• Differential leucocyte count: Lymphocyte 

                            Monocytes  

                                                             Granulocytes                          

The hematological examination was done on an automated hematological counter. 

 

6. Histopathological examination of liver, kidney, spleen 

The liver fatty changes will also be graded as follows (Mohan, 1998): 

Grade 0 Normal  

Grade I Fatty vacuoles in the hepatocytes with mild involvement of hepatocytes 

Grade II Central vacuolation with nucleus shifted to the periphery with moderate   

                involvement of  hepatocytes 

Grade III Extensive involvement of hepatocytes with fatty globules or fatty cyst formation. 

Statistical Analysis 

The data was analysed using the SPSS software (version 16.0).  The Wilcoxon signed rank 

test was used to compare basal and final values of the lipid parameters within the same group. 

The comparison of the basal and final values of the hematological parameters and weights of 

the animals was done using paired t test. To compare lipid parameters, aortic morphometry 

and histopathological grades of aorta between the normal control group and disease control 

group Mann Whitney U test was used, while MPA, biochemical parameters and hematological 

parameters were compared using unpaired ‘t’ test. The effects of the drugs on lipid profile, 

aortic morphometry, MPA, serum  biochemistry and hematology as compared to disease 

control group were assessed using one-way ANOVA (analysis of variance) with post hoc 

Tukey’s test. The histopathological grades in each group were compared with each other using 

the Kruskal Wallis ‘H’ test followed by Dunn’s test. A ‘p value’ of <0.05 was considered as 

significant. 
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Results  

On the 46th day all the animals were weighed prior to blood collection. Changes in the weight 

are presented below in Table 82.  

 

Table 82: Weight changes in various experimental groups 

 

All figures indicate Mean ± SD  
*p<0.05, NS- Not significant vs Day 0 using paired t test 

 

The weight of the animals in the normal diet group was found to be significantly increased on 

the 46th day as compared to the basal weight. No significant increase was observed in the 

animals of the other three groups at the 46th day.  

 

Histopathological assessment 

As presented in Table 83, none of the animals receiving normal diet (Gp A) showed any 

changes of atherosclerosis, while those fed with high cholesterol diet (Gp B) revealed 

atherosclerosis in the ascending aorta and arch of aorta (Grade 3 and 4). The thoracic segment 

of 4 of these animals showed Grade 1 and 2 atherosclerotic lesions while lesions in abdominal 

aorta were comparable to normal diet group. The incidence aortic lesions were 75.68%. 

The groups receiving atorvastatin and test drug showed significantly lesser grades of 

atherosclerosis in the ascending aorta and aortic arch compared to the HCD group. The 

incidence of aortic lesions in the atorvastatin group was reduced to 37.04% and that in the test 

group was 51.72%. The grades in the thoracic and abdominal segments were comparable to 

the cholesterol diet group. The grades of the test group and the atorvastatin group were 

comparable in all segments of the aorta.  

Histopathological sections representing each of the group are depicted in Fig.72 

  

Weight (kg) Group 
(n=6/gp) Day 0 Day 46 

A Normal Diet + CMC 1.83 
±0.23 

2.18* 
±0.25 

B HCD + CMC  1.87 
±0.25 

1.83NS 
±0.35 

C HCD + Atorvastatin 1.88 
±0.25 

1.76NS 
±0.42 

D HCD + [Pe + Pz] 1.85 
±0.15 

1.81NS 
±0.19 
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Table 83:  Atherosclerotic lesions in different regions of aorta (Kamimura et al, 1999) 

Median (Range) of grades Group 
(n=6/gp) Ascending aorta + 

arch of aorta 
Descending 

thoracic aorta Abdominal aorta 

A Normal Diet + CMC 0 0 0 

B HCD + CMC  4 (3-4) @ 1 (0-2) NS1 0 (0-2) NS1 

C HCD + Atorvastatin 1.5 (0-2) $$ 0 (0-2) NS2 0 (0-2) NS2 

D HCD + [Pe + Pz] 2 (1-3) $ NS3 1 (1-2) NS2,NS3 0.5 (0-1) NS2,NS3 
Mann Whitney U test:  @p<0.01, NS1- Not significant vs corresponding segment of Group A  
Kruskal Wallis H test followed by Dunn’s test: $ p<0.05, $$ p<0.01 NS2-Not significant vs corresponding 
segment of Group B, NS3- Not significant vs corresponding segment of Group C  

 

Morphometric image analysis of atherosclerotic lesions in aorta 

    i. Mean atherosclerotic lesion area 

The animals from Group B had significantly greater mean lesion area in the ascending aorta 

and aortic arch compared to the animals receiving normal diet (Table 84; Fig.73). No 

significant difference existed between the two groups in the mean lesion areas of the thoracic 

and abdominal segments. The atorvastatin group and test agent group showed significantly 

less mean lesion area in the ascending aorta and aortic arch when compared with Gp B, while 

the results of the thoracic and abdominal aorta were comparable. The mean lesion areas in all 

segments were comparable between the test agent and atorvastatin group.  

 

Table 84: Mean atherosclerotic lesion area (mm2) in various experimental groups 

Group 
(n=6/gp) 

Ascending aorta 
+ Arch of aorta 

Descending 
thoracic aorta 

Abdominal aorta

A Normal Diet + CMC 0 0 0 
B HCD + CMC  0.47 

±0.12@ 
0.02 

±0.04 NS1 
 0.01 

±0.01 NS1 

C HCD + Atorvastatin 0.09 
±0.11$$$ 

0.053 
±0.13 NS2 0NS2  

D HCD + [Pe + Pz] 0.15$$  
±0.13 NS3 

0.02 
±0.02 NS2 NS3 

0.01 
±0.01 NS2 NS3 

All figures indicate Mean ± SD 
Unpaired t test: @p<0.001, NS1- Not significant vs Group A   
ANOVA followed by Tukey’s  test: $$p<0.01, $$$p<0.001, NS2-Not significant vs Group B, NS3- Not 
significant vs Group C  
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ii. Percentage of mean luminal encroachment of aorta by atherosclerotic lesion  

 

Results were similar to the results of the mean lesion area. (Table 85; Fig.74) 

Table 85: Percentage of mean luminal encroachment of aorta in various experimental                 
groups 

Group 
(n=6/gp) 

Ascending aorta
+ Arch of aorta 

Descending 
thoracic aorta 

Abdominal 
aorta 

A Normal Diet + CMC 0 0 0 
B HCD + CMC  10.54 

±2.29@ 
0.96 

±1.33 NS1 
0.63 

±0.87 NS1 
C HCD + Atorvastatin 1.66 

±1.43$$$ 
1.00 

±2.46 NS2 
0.24 

±0.58 NS2 
D HCD + [Pe + Pz] 2.98 

±2.61$$$ NS3 
0.75 

±0.81 NS2NS3 
0.49 

±0.63 NS2NS3 
All figures indicate Mean ± SD 
Unpaired t test: @p<0.001, NS1- Not significant vs Group A  
ANOVA followed by Tukey’s test: $$$p<0.001,NS2-Not significant vs Group B, NS3-Not significant vs Group C  

 

Effects on serum lipid levels (Table 86; Figs. 75 -79) 

Table 86: Lipid Profile in various experimental groups 

Total-Ch (mg%) TG (mg%) LDL-Ch (mg%) 
VLDL-Ch 

(mg%) 

HDL-Ch 

(mg%) Gp 

Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 

A 
39.18 

±14.01 

37.86NS1 

±4.64 

73.44

±18.89

64.67 NS1 

±14.91 

15.67

±10.75

15.83 NS1 

±8.75 

14.17 

±4.65 

9.30 NS1 

±6.74 

9.34 

±3.71

12.73 NS1 

±2.00 

B 
39.38 

±13.70 

7413.40*@ 

±1220.81 

83.83

±22.88

2968.70*@ 

±854.83 

9.33 

±3.72

3405.00*@ 

±1670.05 

20.72 

±13.64 

3941.10*@ 

±1533.47 

9.33 

±2.94

67.25*@ 

±14.98 

C 
42.35 

±11.10 

3238.20*$$$ 

±840.49 

89.69

±50.60

1644.50*$$ 

±244.43 

13.75

±5.69

2005.10*NS2 

±723.09 

19.24 

±11.55 

1187.70*$$ 

±1089.02 

9.35 

±1.95

45.39*$$ 

±6.50 

D 
37.70 

±15.85 

2654.60*$$$NS3 

±847.16 

76.47

±14.58

1227.70*$$ NS3

±636.41 

11.42

±8.61

1848.20*NS2 NS3 

±872.61 

18.25 

±4.59 

753.40*$$ NS3 

±738.47 

8.03 

±4.06

53.01*NS2 

NS3 

±8.87 

Ch- cholesterol, TG –Triglycerides; All figures indicate Mean ± SD 
Wilcoxan sign rank test: *p<0.05; NS1-Not significant vs Day 0  
Mann Whitney U test: @p<0.01 vs Group A Day 46  
ANOVA followed by Tukey’s  test: ;  $$p<0.01;  $$$ p< 0.001NS2-Not significant vs Group B Day 46, NS3- 
Not significant vs Group C Day 46  
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There was no change in the serum lipids from the basal to the 46th day in the animals 

receiving normal diet. The disease control group showed a significant increase (p< 0.05) in all 

the serum lipid parameters as compared to the normal diet group including the HDL levels.  

In the animals treated with atorvastatinor [Pe + Pz], the levels of total cholesterol, triglycerides 

and VLDL were significantly less whereas the levels of LDL, though appeared to be lower, 

were statistically comparable to the disease control group. In the atorvastatin group, the HDL 

levels showed a significant decrease compared to disease control group, while in the [Pe+ 

Pz]group, HDL levels remained comparable to the disease control group. The lipid profile was 

comparable in the test group and the atorvastatin group.  

 
Platelet Aggregation (Table 87; Figs. 80 & 81) 
Table 87: Maximum platelet aggregation (MPA %) in various experimental groups 

ADP Collagen Group 
(n=6/gp) 10µM 20µM 5 µg/ml 10 µg/ml 

A Normal Diet + CMC 28.80 
±13.77 

29.40 
±10.45 

25.83 
±7.99 

31.67 
±6.98 

B HCD + CMC  21.33NS1 

±9.71 
24.00NS1 

±6.24 
27.67NS1 

±9.61 
41.50NS1 

±14.73 
C HCD + Atorvastatin 23.25NS2 

±7.46 
26.00NS2 

±8.16 
34.00NS2 

±10.71 
43.33NS2 

±9.77 
D HCD + [Pe + Pz]] 5.17$$### 

±1.17 
5.17$$## 

±1.72 
28.00NS2NS3 

±15.75 
39.33NS2NS3 

±15.67 
All values are indicative of Mean ± SD  
Unpaired t test: NS1- Not significant vs Group A  
ANOVA followed by Tukey’s  test: $$p<0.01, NS2-Not significant vs Group B, ## p<0.01, ###p<0.001, 
NS3- Not significant vs Group C   

 

The group receiving HCD did not show any significant difference in the MPA from the 

normal diet group. Atorvastatin did not inhibit platelet aggregability induced by ADP and 

collagen. Pz and Pe were observed to cause an inhibition of ADP induced platelet aggregation 

when compared to the disease control atorvastatin groups. However the aggregation produced 

by collagen with the plant dug combination was comparable to the HCD group and also the 

atorvastatin group.  
 

Blood biochemistry and hematology 
Biochemical parameters measured in serum were comparable in all the groups at Day 0 and 
are presented in Table 88.  
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Since, the method of assessment was colorimetric, and the samples obtained at Day 46 were 

too turbid due to high level of lipemia (Table 86), estimations were not possible. 
 
 
 
 

Table 88: Biochemical parameters of blood at Day 0 

Parameters Group A Group B Group C Group D 
Blood urea 
nitrogen  

12.83 
±3.62 

17.44 NS 
±12.42 

15.17 NS1 
±6.23 

18.44 NS1 
±4.64 

Serum 
Creatinine 

1.38 
±0.31 

1.87 NS 
±0.51 

1.69 NS1 
±0.56 

1.55 NS1 
±0.65 

SGOT 35.99 
±12.44 

52.94 NS 
±29.83 

31.76 NS1 
±12.37 

29.56 NS1 
±2.68 

SGPT 75.19 
±32.60 

66.26 NS 
±17.81 

56.54 NS1 
±9.18 

50.50 NS1 
±15.40 

Total 
proteins 

5.37 
±1.63 

5.23 NS 
±0.78 

4.62 NS1 
±0.52 

4.83 NS1 
±0.27 

Serum 
Albumin 

3.85 
±1.03 

4.48 NS 
±0.97 

3.53 NS1 
±0.82 

3.40 NS1 
±0.30 

Total 
Bilirubin  

0.22 
±0.07 

0.23 NS 
±0.17 

0.17 NS1 
±0.04 

0.33 NS1 
±0.11 

Direct 
Bilirubin 

0.12 
±0.05 

0.16 NS 
±0.17 NS 

0.11 NS1 
±0.03 

0.16 NS1 
±0.11 

All figures indicate Mean ± SD 
Unpaired t test: NS-Not significant vs Group A 
ANOVA f ollowed by Tukey’s test:  NS1-Not significant vs Group B 

 
 

 
The hematological parameters were comparable amongst all groups at Day 0.  There was no 

significant change in any of the hematological parameters in the group receiving normal diet 

at Day 46. All the groups receiving HCD showed a significant rise in the total leucocyte count 

at Day 46.  However, the differential leucocyte count at Day 46 remained comparable to Day 

0.  The RBC count, hemoglobin and hematocrit showed a significant fall whereas MCH and 

MCHC showed a significant rise among groups B, C and D at Day 46 compared to Day 0. All 

groups showed a rise in MCV though the change was significant only in the group receiving 

the combination of Pz and Pe. The platelet counts at Day 46 were comparable to the basal 

values in all the groups.  

 

When compared to the normal diet group, in the HCD group the TLC, MCH and MCHC were 

found to be increased while RBC count, hemoglobin and hematocrit were found to be 

decreased at Day 46. MCV, platelet count and DLC were comparable amongst the two groups 



 106

at Day 46. All the hematological parameters were comparable amongst groups B, C and D at 

day 46.  

 

Table 89: Hematological profile 

Group A Group B Group C Group D Parameters Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 
Total leucocyte 

count (TLC) 
6.64 
±1.91 

13.61NS

±6.72 
6.30 
±1.86 

35.97*@ 
±18.13 

6.87 
±2.05 

34.37* NS2 
±20.62 

6.11 
±0.40 

40.33**NS2 

NS2 
±19.26 

Red blood cell 

count 
5.10 
±0.76 

4.64 NS 
±1.61 

5.74 
±0.30 

1.80*** 
@@ 

±1.06 

5.42 
±0.70 

2.08** NS2 
±1.59 

5.64 
±0.45 

1.61*** NS2 

NS3 
±0.60 

Hemoglobin 11.65 
±0.99 

11.60NS

±1.47 
11.80 
±0.60 

8.82*@ 

±2.05 
11.95 
±0.95 

7.50* NS2 
±3.00 

12.42 
±0.60 

7.65* NS2 NS3

±3.18 

Hematocrit 37.28 
±4.44 

37.63NS

±6.33 
39.23 
±3.47 

13.95** 
@@@ 

±8.40 

39.30 
±3.65 

18.68* NS2 
±12.02 

40.20 
±2.82 

14.09*** NS2 

NS3 
±4.04 

Mean 
corpuscular 
volume (MCV) 

73.50 
±8.48 

86.67NS

±19.98 
66.67 
±5.01 

79.50NSNS1 
±20.71 

73.17 
±8.57 

97.33NS NS2 
±21.19 

71.33 
±2.66 

91.00** NS2 

NS3 
±10.51 

Mean 
corpuscular 
hemoglobin 
(MCH) 

23.15 
±2.96 

27.09NS

±7.98 
20.80 
±0.45 

46.43**@@ 

±12.10 
22.37 
±2.60 

45.05* NS2 
±18.40 

22.10 
±1.87 

49.68* NS2 

NS3 
±16.95 

Mean 
corpuscular 
hemoglobin 
concentration 
(MCHC) 

31.05 
±1.51 

30.89NS

±1.95 
31.77 
±3.09 

57.70*@@ 
±17.81 

29.97 
±1.56 

44.98* NS2 
±10.32 

30.27 
±1.25 

56.10* NS2 

NS3 
±16.86 

Platelets 412.83 
±99.09 

376.17NS

±83.86 
352.83
±84.50

410.33NSNS1

±133.45 
425.00 
±175.29 

380.83NS 

NS2 
±63.44 

431.33 
±143.96

437.00 

NSNS2NS3 
±217.03 

Lympho
cytes 

65.50 
±11.88 

61.50 NS

±20.16 
56.00 
±7.48 

60.33 NSNS1 
±23.07 

53.83 
±4.36 

64.32 NS NS2 
±13.96 

55.00 
±9.53 

78.00 NS NS2 

NS3 
±5.69 

Mono 

cytes 
5.17 
±2.86 

4.45 NS 
±1.98 

6.00 
±3.16 

4.82 NSNS1 
±2.19 

4.83 
±1.72 

7.72 NS NS2 
±3.39 

5.00 
±1.26 

4.17 NS NS2 

NS3 
±2.86 

DLC 

Granulo

cytes 
28.83 
±10.68 

34.05 NS

±10.68 
37.83 
±7.17 

34.60 NS NS1

±22.71 
41.33 
±3.93 

27.80 NS NS2 
±11.99 

40.00 
±9.01 

18.00 NSNS2 

NS3 
±6.87 

DLC: Differential leucocyte count  
All figures indicate Mean ± SD  
Paired t test: *p<0.05, **p<0.01, ***p<0.00, NS-Not significant vs day 0  
Unpaired t test: @p<0.05; @@p<0.01; @@@p<0.001; NS1-Not significant vs Group A Day 46  
ANOVA followed by Tukey’s  test: NS2-Not significant vs Group B at Day 46  
ANOVA followed by Tukey’s  test :  NS3- Not significant vs Group C at Day 46  
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Histopathological examination of liver, kidney, spleen 

Table 90: Histopathology of liver 

Group Grade 0 Grade I Grade II Grade III 
A Normal Diet + CMC 6 0 0 0 

B HCD + CMC  0 3 3 0 

C HCD + Atorvastatin 0 3 2 1 

D HCD + [Pe + Pz] 0 2 4 0 
Figures indicate number of animals 

None of the animals from the normal group showed any fatty changes in the liver. In the group 

receiving HCD, grade I and grade II changes were shown by 3 animals each.  One animal 

from the atorvastatin group showed grade III changes, 2 showed grade II changes and 3 

showed grade I changes with additionally an evidence of hepatitis in one animal.  The animals 

in the test group showed evidence of grade I and grade II fatty changes. 

 

Table 91: Histopathology of kidney 

Group Normal Minimal 
fatty 

change 

Mild 
fatty 

change 

Moderate 
fatty 

change 

Severe 
fatty 

change 
A Normal Diet + CMC 6 0 0 0 0 

B HCD + CMC  5 0 1 0 0 

C HCD + Atorvastatin 4 0 1 0 0 

D HCD + [Pe + Pz] 4 1 1 0 0 

 

None of the animals from the normal group showed any changes in the kidney, while 1 animal 

each from the disease control and positive control group showed mild changes. One animal 

from the atorvastatin group showed evidence of nephritis. In the test group, 1 animal showed 

minimal and 1 showed mild changes in the kidney.  

 
Table 92: Histopathology of spleen 

Group Normal Minimal 
fatty 

change 

Mild 
fatty 

change 

Moderate 
fatty 

change 

Severe 
fatty 

change 
A Normal Diet + CMC 6 0 0 0 0 

B HCD + CMC  0 0 0 3 3 

C HCD + Atorvastatin 1 0 2 1 2 

D HCD + [Pe + Pz] 2 0 0 3 1 
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The spleens obtained from all the animals receiving normal diet were normal on 

histopathological examination. The disease control group and test group showed evidence of 

moderate to severe fatty changes. Atorvastatin receiving group showed mild to severe fatty 

changes.  

 

Inference: 

 

The reduction in mean lesion area and its enchrochment on the aortic lumen demonstrated by 

morpometric image analysis evidently proves the anti-atherosclerotic effect of combination 

[Pe+Pz]against the lesions induced by high cholesterol diet which is comparable with 

atorvastatin. 

 

The combination [Pe+Pz]has shown a anti- hyperlipedemic effect that comparable to 

atorvastatin wherein there was a prevention in rise in total cholesterol, VLDL cholesterol and 

triglycerides and there was trend to decrease reduction in LDL cholesterol. Both combination 

[Pe+Pz]as well as atorvastatin did not significantly reverse the rise in HDL cholesterol. 

 

The anti-platelet effect of combination [Pe+Pz]in this phase of the study was seen only against 

aggregating agent ADP which is known for its role in perpetuation of platelet aggregation on 

atherosclerotic plaques and not collagen. Atorvastatin did not show anti-aggrgating effect 

against any of the aggregating agent. This is an impotant finding for development of 

combination [Pe+Pz]as anti atherosclerotic drug. 

 

Safety of combination [Pe+Pz]with respect to biochemical parameters indicating functions of 

liver and kidney could be asssed because of the turbidity of serum obtained at the end of 45 

days high cholesterol diet. Combination [Pe+Pz]did not produce any remarkable changes in 

hematological parameters. None of the animals had shown any pathological changes in vital 

organs viz. liver, kidney, spleen or heart. Thus combination [Pe+Pz] appears to be safe.  
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To evaluate anti-atherosclerotic effect of Terminalia arjuna using the rabbit model 

Methodology 

Animals 

As per the protocol, eighteen adult male New-Zealand White strain rabbits with weight range 

from 1.5 – 2.0 Kg were included in the study. The animals were procured from National 

Institute of Bioscience, Pune & Mahaveera Enterprises, and Hyderabad. The animals were 

housed under standard laboratory conditions with free access to food and water. The rabbits 

were housed in individual cages made up of stainless steel. Acclimatization period was 7 days.   

 

Diet 

The animals were weaned off from the foliage diet and were fed with normal diet procured 

from M/s Pranav Agro Industries Limited, Pune as described earlier. After the weaning period, 

blood was collected and the animals were allocated to three groups, six animals in each group 

taking care that animals in each of the groups were comparable in age, weight and total 

cholesterol. Animals were randomly allocated to the following treatment groups 

Group A:  Disease Control: High cholesterol diet (2%) + 0.5 % CMC (2 ml) for 45 days 

Group B:   Positive Control: High cholesterol diet (2%) + Atorvastatin 2.8 mg/kg for 45 days 

Group C:   Test Drug: High cholesterol diet (2%) + Terminalia arjuna for 45 days 

After randomization, the animals were started on the special cholesterol enriched (2%) diet 

used earlier. The powders were mixed with distilled water and rolled freshly into pellets. The 

pellets weighing approximately 200 g were kept daily in each cage.  

Test drugs 

The procured standardized spray dried hydroalcoholic extract of Terminalia arjuna (Ta) was 

used in the dose extrapolated from the therapeutic dose of the extract for humans.  
 

Extractive value of Terminalia arjuna and its human and rabbit doses 

Plant Drug  Human dose of 
extract (g/d) 

Dose ( mg/kg/day) 
of extract 

Terminalia arjuna 1 46.66 
 

Atorvastatin was used in the dose of 2.8 mg/kg as mentioned in Phase 3.2. 

  

The drugs were administered orally with the help of rabbit feeding needles (no. 16).  



 110

All the drugs were administered in the form of fine suspension made in 0.5 % CMC (Carboxy 

Methyl Cellulose) (Sigma, USA). The doses of both drugs per kg body weight were suspended 

in 1 ml of CMC. The volume administered was according to the weight of the animal. 
 

The animals received both, diet and the respective vehicle/ drugs concomitantly for 45 days. 

 

Endpoints assessed 

Blood samples were collected from marginal ear vein of the rabbits using scalp vein no.22. 

1. Lipid profile  

    The lipids were measured on Day 0 & Day 46. The estimations were done as described   

     earlier.  

2. Histopathological assessment 

    The animals were sacrificed on Day 46 after collecting the blood samples as described  

     earlier.  

3. Morphometric image analysis of aorta 

    It was done as described earlier.  

4. Platelet aggregation 

    The procedure was as described earlier. 

5. Serum biochemistry and hematological profile  

    The estimations were done as described earlier. 

6. Histopathological examination of liver, kidney spleen 

    It was done as described earlier.  

Statistical Analysis 

The data was analysed using the SPSS software (version 16.0).  The Wilcoxon signed rank 

test was used to compare basal and final values of the lipid parameters within the same group. 

The comparison of the basal and final values of the hematological parameters and weights of 

the animals was done using paired t test. The effects of the drugs on lipid profile, aortic 

morphometry, MPA, serum biochemistry and hematology as compared to disease control 

group were assessed using one-way ANOVA (analysis of variance) with post hoc Tukey’s 

test. The histopathological grades in each group were compared with each other using the 

Kruskal Wallis ‘H’ test followed by Dunn’s test. A ‘p value’ of <0.05 was considered as 

significant. 
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Results  

On the 46th day all the animals were weighed prior to blood collection. Changes in the weight 

are presented below:  

Table 93: Weight changes in various experimental groups 

Weight (kg) Group 

(n=6/gp) Day 0 Day 46 

A HCD + CMC  1.87 
±0.25 

1.83NS 

±0.35 

B HCD + Atorvastatin 1.88 
±0.25 

1.76NS 
±0.42  

C HCD + T.arjuna  1.85 
±0.231 

1.92NS 

±0.31 
All figures indicate Mean ± SD  
NS- Not significant vs Day 0 using paired t test 

 

No significant difference was observed in the weights of the animals at the 46th day compared 

to Day 0.  

Histopathological assessment  

As presented in Table 94, the animals receiving high cholesterol diet (Gp A) revealed 

atherosclerosis in the ascending aorta and arch of aorta (Grade 3 and 4). The thoracic segment 

of 4 of these animals showed Grade 1 and 2 atherosclerotic lesions while lesions in abdominal 

aorta were comparable to normal diet group. The incidence aortic lesions were 75.68%. 

The groups receiving atorvastatin showed significantly lesser grades of atherosclerosis in the 

ascending aorta and aortic arch compared to the HCD group. The incidence of aortic lesions in 

the atorvastatin group was reduced to 37.04%. The grades in the thoracic and abdominal 

segments were comparable to the cholesterol diet group. In the test group, the grades of 

atherosclerosis in all segments of aorta were comparable to the cholesterol diet group. The  

incidence was 64%. The grades of the test group and the atorvastatin group were statistically 

comparable in all segments of the aorta.  

 Table 94:  Atherosclerotic lesions in different regions of aorta (Kamimura et al, 1999) 

Median (Range) of grades 
Group 

(n=6/gp) 
Ascending 

aorta + arch 
of aorta 

Descending 
thoracic aorta Abdominal aorta 

A HCD + CMC  4 (3-4)  1 (0-2)  0 (0-2)  

B HCD + Atorvastatin 1.5 (0-2) $$ 0 (0-2) NS1 0 (0-2) NS1 

C HCD + T.arjuna  3 (0-4) NS1NS2 1 (0-3) NS1NS2 0.5 (0-4) NS1NS2 
Kruskal Wallis H test followed by Dunn’s test: $$ p<0.01, NS1-Not significant vs  
corresponding segment of Group A; NS2- Not significant vs Group B 
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 Morphometric image analysis of atherosclerotic lesions in aorta 

    i. Mean atherosclerotic lesion area 

Table 95: Mean atherosclerotic lesion area (mm2) in various experimental groups 

Group 
(n=6/gp) 

Ascending aorta
+ Arch of aorta 

Descending 
thoracic Aorta 

Abdominal 
Aorta 

A HCD + CMC  0.471 
±0.124 

0.023 
±0.036 

0.009 
±0.012 

B HCD + Atorvastatin 0.093NS1 
±0.106 

0.053NS1 

±0.130 
0.002NS1 

±0.004 
C HCD + T.arjuna  0.517NS1NS2 

±0.850 
0.072NS1NS2 
±0.094 

0.028NS1NS2 
±0.057 

All figures indicate Mean ± SD  
ANOVA followed by Tukey’s  test: NS1-Not significant vs Group A  
ANOVA followed by Tukey’s  test: NS2- Not significant vs Group B  

The mean lesion areas were comparable among the three groups. (Fig.82) 

 

ii. Percentage of mean luminal encroachment of aorta by atherosclerotic lesion (Table 96) 

          Table 96: Percentage of mean luminal encroachment of aorta in various experimental groups 

Group 
(n=6/gp) 

Ascending aorta 
+ Arch of aorta 

Descending 
thoracic Aorta 

Abdominal Aorta 

A HCD + CMC  10.537 
±2.293 

0.965 
±1.330 

0.63 
±0.87 

B HCD + Atorvastatin 1.655$ 
±1.428 

1.003NS1 

±2.456  
0.235NS1 

±0.575 
C HCD + T.arjuna  7.437NS1NS2 

±9.044 
2.549NS1NS2 
±3.669 

4.263NS1NS2 
±9.484 

All figures indicate Mean ± SD 
ANOVA followed by Tukey’s  test: $p<0.05; NS1-Not significant vs Group A  
ANOVA followed by Tukey’s  test: NS2- Not significant vs Group B  

 
The atorvastatin group showed (Fig.83) significantly lower percent mean luminal 

encroachment of ascending aorta and arch of aorta when compared with Group A. The percent 

mean luminal encroachment in the thoracic and abdominal aorta in atorvastatin group was 

comparable to Group A.  

The percent mean luminal encroachment in all segments of test group was comparable to 

Group A.  

 
Effects on serum lipid levels (Table 97; Figs.84-88) 

All the groups showed a significant rise in the levels of all lipid parameters at Day 46 as 

compared to Day 0. In the animals treated with atorvastatin or Terminalia arjuna, the levels of 

total cholesterol, VLDL and HDL were significantly less comparable to the disease control 
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group. In the atorvastatin group, the triglyceride levels showed a significant decrease 

compared to disease control group, while in the test group, they remained comparable to the 

disease control group. In both the groups the LDL levels were comparable to the disease 

control group. The lipid profile was comparable in the test group and the atorvastatin group.  

 

Table 97: Lipid Profile in various experimental groups 
Total-Ch (mg%) TG (mg%) LDL-Ch (mg%) VLDL-Ch (mg%) HDL-Ch (mg%) 

Gp 
Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 

A 39.38 
±13.70 

7413.40* 
±1220.81 

83.83 
±22.88 

2968.70* 

±854.83 
9.33 

±3.72
3405.00* 
±1670.05 

20.72 
±13.64

3941.10* 
±1533.47 

9.33 
±2.94

67.25* 
±14.98 

B 42.35 
±11.10 

3238.20*$$$ 

±840.49 
89.69 

±50.60 
1644.50*$ 

±244.43 
13.75 
±5.69

2005.10*NS1 
±723.09 

19.24 
±11.55

1187.70*$ 

±1089.02 
9.35 

±1.95
45.39*$ 

±6.50 
C 41.89 

±16.74 
4870.10*$$NS2 

±1625.39 
69.85 

±19.00 
2493.50*NS1NS2

±1117.27 
19.33 

±17.53
3786.70*NS1NS2

±2066.12 
14.07 

±11.51
1034.70*$NS2 

±986.75 
8.48 

±3.90
48.74*$NS2 

±12.63 
Ch- cholesterol,  TG –Triglycerides; All figures indicate Mean ± SD 

Wilcoxan sign rank test: *p<0.05 vs Day 0  
ANOVA followed by Tukey’s  test: $p<0.05;  $$p<0.01;  $$$ p< 0.001; NS1-Not significant vs Group A Day 
46; NS2- Not significant vs Group B Day 46  
 

The above results show that Terminalia arjuna has reduced the total cholesterol and VLDL 

levels but not the serum triglyceride levels.  
 

Platelet Aggregation (Table 98; Figs.89-90) 

Atorvastatin did not inhibit platelet aggregability induced by ADP and collagen. Terminalia 

arjuna group showed increased platelet aggregation with 5 µg/ml of collagen concentration 

compared with the group fed cholesterol rich diet. However, the aggregation produced by 

collagen 10 µg/ml and both concentrations of ADP plant dug combination in this group was 

comparable to the HCD group. The aggregation produced by ADP as well as collagen with the 

plant dug was comparable to the atorvastatin group.  

Table 98: Maximum platelet aggregation (MPA %) in various experimental groups 

ADP Collagen Group 

(n=6/gp) 10µM 20µM 5 µg/ml 10 µg/ml 

A HCD + CMC  21.33 

±9.71 
24.00 

±6.24 
27.67 

±9.61 
41.50 

±14.73 

B HCD + Atorvastatin 23.25NS1 

±7.46 
26.00NS1 

±8.16 
34.00NS1 

±10.71 
43.33NS1 

±9.77 
C HCD + T.arjuna  27.00NS1NS2 

±5.57 
30.00NS1NS2 

±6.25 
44.67$NS2 
±5.43 

48.83NS1NS2 
±6.97 

All values are indicate Mean± SD  
ANOVA followed by Tukey’s  test: $p<0.05, NS1-Not significant vs Group A; NS2- Not significant vs Group B  
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Blood biochemistry and hematology 

Table 99: Biochemical parameters of blood in various experimental groups at Day 0 

Parameters Group A Group B Group C 

Blood urea 
nitrogen  

17.44 

±12.42 

15.17NS 

±6.23 

16.03NS 

±7.07 

Serum 
Creatinine 

1.87 

±0.51 

1.69NS 

±0.56 

1.60NS 

±0.53 

SGOT 52.94 

±29.83 

31.76NS 

±12.37 

54.70 NS 

±34.59 

SGPT 66.26 

±17.81 

56.54NS 

±9.18 

85.38 NS 

±40.85 

Total 
proteins 

5.23 

±0.78 

4.62NS 

±0.52 

5.80NS 

±1.53 

Serum 
Albumin 

4.48 

±0.97 

3.53NS 

±0.82 

4.60NS 

±1.39 

Total 
Bilirubin  

0.23 

±0.17 

0.17NS 

±0.04 

0.20NS 

±0.07 

Direct 
Bilirubin 

0.16 

±0.17 

0.11NS 

±0.03 

0.10NS 

±0.03 

All figures indicate Mean ± SD 
ANOVA followed by Tukey’s test:  NS-Not significant vs Group A   

 

Biochemical parameters measured in serum were comparable in all the groups at Day 0.  

As explained earlier, analysis could not be carried out at Day 46.  
 
 

The hematological parameters were comparable amongst all groups at Day 0.  The group 

receiving cholesterol rich diet and the atorvastatin group showed a significant rise in the total 

leucocyte count at Day 46.  The Terminalia arjuna group also showed a rise but the rise was 

not statistically significant. The differential leucocyte count at Day 46 remained comparable to 

Day 0 in all the groups.  The RBC count and hematocrit showed a significant fall whereas 

MCH and MCHC showed a significant rise among groups A, B and C at Day 46 compared to 

Day 0. Disease control and positive control groups showed a significant fall in hemoglobin 

while the test group demonstrated no such fall at Day 46 compared to Day 0.  The MCV and 

platelet counts at Day 46 were comparable to the basal values in all the groups. All the 

hematological parameters were comparable amongst groups A, B and C at day 46.  
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Table 100: Hematological profile in various experimental groups 

Group A Group B Group C 
Parameters 

Day 0 Day 46 Day 0 Day 46 Day 0 Day 46 

Total leucocyte 

count  (TLC) 
6.30 
±1.86 

35.97* 
±18.13 

6.87 
±2.05 

34.37* 

NS1 
±20.62 

6.82 
±1.55 

26.77NSNS1NS2 
±21.42 

Red blood cell count 5.74 
±0.30 

1.80*** 
±1.06 

5.42 
±0.70 

2.08** 

NS1 
±1.59 

5.81 
±0.41 

2.56**NS1NS2 
±1.33 

Hemoglobin 11.80 
±0.60 

8.82* 
±2.05 

11.95 
±0.95 

7.50* NS1

±3.00 
12.15 
±0.79 

9.57NSNS1NS2 

±4.36 

Hematocrit 39.23 
±3.47 

13.95** 
±8.40 

39.30 
±3.65 

18.68* 

NS1 
±12.02 

39.25 
±2.61 

20.46**NS1NS2 

±9.42 

Mean corpuscular 
volume (MCV) 

66.67 
±5.01 

79.50NS 
±20.71 

73.17 
±8.57 

97.33NS 

NS1 
±21.19 

68.33 
±3.39 

83.67NSNS1NS2 
±13.35 

Mean corpuscular 
hemoglobin (MCH) 

20.80 
±0.45 

46.43** 
±12.10 

22.37 
±2.60 

45.05* 

NS1 
±18.40 

20.97 
±1.53 

40.90*NS1NS2 

±13.92 

Mean corpuscular 
hemoglobin 
concentration 
(MCHC) 

31.77 
±3.09 

57.70* 
±17.81 

29.97 
±1.56 

44.98* 

NS1 
±10.32 

30.52 
±1.82 

48.72*NS1NS2 
±13.59 

Platelets 352.83 
±84.50 

410.33NS 
±133.45 

425.00 
±175.29

380.83NS 

NS1 
±63.44 

417.83 
±122.82 

438.83NSNS1NS2

±181.46 

Lymphocytes 56.00 
±7.48 

60.33 NS 
±23.07 

53.83 
±4.36 

64.32 NS 

NS1 
±13.96 

57.50 
±9.54 

62.85 NSNS1NS2 
±17.84 

Monocytes 6.00 
±3.16 

4.82 NS 
±2.19 

4.83 
±1.72 

7.72 NS 

NS1 
±3.39 

5.33 
±1.21 

6.35 NSNS1NS2 
±2.68 DLC 

Granulocytes 37.83 
±7.17 

34.60 NS 
±22.71 

41.33 
±3.93 

27.80 NS 

NS1 
±11.99 

37.50 
±9.93 

30.95 NSNS1NS2 
±17.87 

DLC: Differential leucocyte count  
All figures indicate Mean ± SD  
Paired t test: *p<0.05, **p<0.01, ***p<0.00, NS-Not significant vs day 0  
ANOVA followed by Tukey’s  test: NS1-Not significant vs Group A Day 46  
ANOVA followed by Tukey’s  test: NS2- Not significant vs Group B Day 46  
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Histopathological examination of liver, kidney, spleen 

Table 101: Histopathology of  liver 

Group Grade 0 Grade I Grade II Grade III 

A HCD + CMC  0 3 3 0 

B HCD + Atorvastatin 0 3 2 1 

C HCD + T.arjuna  0 1 5 0 
Figures indicate number of animals 

In the group receiving HCD, grade I and grade II changes were shown by 3 animals each.  

One animal from the atorvastatin group showed grade III changes, 2 showed grade II changes 

and 3 showed grade I changes with additionally an evidence of hepatitis in one animal.  In the 

test group, 5 animals showed evidence of grade II fatty changes and 1 animal showed grade I 

changes. 
 

Table 102: Histopathology of kidney 

Group Normal Minimal 
fatty 

change 

Mild 
fatty 

change 

Modera
te fatty 
change 

Severe 
fatty 

change 

A HCD + CMC  5 0 1 0 0 

B HCD + Atorvastatin 4 0 1 0 0 

C HCD + T.arjuna  4 0 2 0 0 

Figures indicate number of animals 

One animal each from the disease control and positive control group showed mild fatty 

changes. In addition, 1 animal from the atorvastatin group showed evidence of nephritis. In 

the test group, 2 animals showed mild changes in the kidney.  
 

Table 103: Histopathology of spleen 

Group Norma
l 

Minimal 
fatty 

change 

Mild 
fatty 

change 

Modera
te fatty 
change 

Severe 
fatty 

change 

A HCD + CMC  0 0 0 3 3 

B HCD + Atorvastatin 1 0 2 1 2 

C HCD + T.arjuna  0 0 2 4 0 
Figures indicate number of animals 

The disease control group showed evidence of moderate to severe fatty changes on 

histopathological examination. Atorvastatin receiving group showed mild to severe fatty 
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changes. The spleens obtained from the animals of test group showed evidence of mild to 

moderate fatty changes. 

Inference : 
 

In T. arjuna treated group, the grades of atherosclerosis in all segments of aorta, the mean 

lesion  and percentage of mean luminal encroachment of aorta by atherosclerotic lesion were 

comparable to the cholesterol diet group. Though the grades of the test group and the 

atorvastatin group were statistically comparable in all segments of the aorta atorvastatin group 

had grades lesser grades of atherosclerosis in ascending aorta and aortic arch compared to the 

HCD group.  Hence the given extract of  T. arjuna does not seem to have potent 

atherosclerotic proeperty. 

 

T. arjuna has shown a anti- hyperlipedemic effect wherein there was a prevention in rise in 

total cholesterol, VLDL cholesterol and HDL cholesterol but not triglycerides levels. 

 

Like atrovastain, T. arjuna also did not show any protection towards platelet agregability 

aganst ADP and collagen.  

 

Safety of T. arjuna with respect to biochemical parameters indicating functions of liver and 

kidney could not be asssed because of the turbidity of serum obtained at the end of 45 days 

high cholesterol diet. It did not produce any remarkable changes in hematological parameters. 

Animals showed relatively higher grades fatty changes on histopathological examination of 

vital organs viz. liver, kidney, spleen or heart in group treated with T. arjuna.  

 

Hence, it appears that T. arjuna can exhibit anti atherosclerotic effect only through its lipid 

lowring effects.   

 
 

13. Detailed analysis of results indicating contributions made towards increasing the state of   
      knowledge in the subject  
            

The most frequent underlying cause of cardiovascular diseases is atherosclerosis associated with 

superimposed thrombus (Falk and Fuster, 2001). Hence recently emphasis has been mainly on 

primary prevention of atherosclerosis  
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Lipid lowering therapy as a part of primary prevention of CHD selectively depletes the 

relatively small but dangerous subgroups of fatty lesions eroding vascular endothelium 

facilitating lesions stabilization and decrease in clinical event (Brown et al, 1993). In recent 

times, the statins emerged out to be the most successful cardiovascular drugs (Shephard, 2001) 

by virtue of their lipid lowering properties and their effect  on non-lipid factors and processes 

that may influence both chronic disease progression and the onset of acute coronary event 

(Wheeler, 1998). However, the reported adverse effects of statins, gastrointestinal distress, 

muscle soreness and disturbances of hepatic function (Wheeler, 1998), posed a challenge to the 

medical fraternity in the management of CHD without any side effects. 

 

In the search for potential herbal drugs for the management of hyperlipidemia, and 

atherosclerosis, there were several hits (some of them emerged as the frontline drugs) with lipid 

lowering property (Dahanukar and Thatte, 1996; Badekar, 2001; Agarwal et al, 1986; Vaidya, 

1994). Still the exploration for newer plant drugs continues as plants have played a major role in 

the introduction of new therapeutic agents in the past and serve as sources of biologically active 

substances including antioxidants, hypoglycemics, and hypolipidemics (Xie et al, 2007).  

 

In the present study four of medohara plants viz  Plumbago zeylanica, Phyllanthus emblica, 

Cyperus rotundus and Embelia ribes known in Ayurveda for management of 

dhamanipratichaya’, a condition akin to atherosclerosis were evaluated in comparision with 

Atorvastatin, a proven drug in management CHD having lipid lowering as well as eliminating 

non-lipids factors of disease (Malholtra and Goa, 2001). 

 

As Ayurveda advocates aqueous extracts for the clinical use of these plants, the aqueous extracts 

were procured from a renowned pharmaceutical industry, which has prepared the extracts after 

authentication and as per norms of GMP. 

 

Direct human research is limited by the inability to control the variables that can viciate the 

results and by the slowness of lesion development. In addition, induction of atheosclerosis in 

human by exogenous agents is unethical. Consequently, animal models offer a suitable 

alternative, wherein the physiopathologic aspects of the disease can be simulated, variables can 

be controlled, and statistical data accrued in a short period of time (Narayanaswamy et al, 

2000).  
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Rabbits are the most investigated species that develops both spontaneous and diet-induced 

atherosclerosis (Clarkson, 1974;).. When fed on high cholesterol diet, they develop extreme 

hypercholesterolemia due to absorption of great quantities of dietary cholesterol without 

compensatory increase in cholesterol degradation and excretion (Clarkson, 1974; 

Narayanaswamy et al, 2000).  

 

In the first phase of the study, the plants were screened for their anti-atherosclerotic and anti-

lipidemic effect in a model of atherosclerosis where in rabbit were fed with high cholesterol diet 

for 45 days which produced consistent grade II atherosclerotic lesions as required (Falk and 

Fuster, 2001) unlike in a model in which the animal were fed with high cholesterol diet for 28 

days (Gadkari, 2003).  

 

Inclusion of morphometric image analysis in addition to histopathological grading of 

atherosclerotic lesions in the study has broadened spectrum in assessing the extent of 

atherosclerotic plaque formation by quantifying their severity in terms of degree of involvement 

of the arterial wall by plaque and luminal encroachment of aorta by the plaque. 

  

The administration of high cholesterol diet showed significant development of atherosclerosis in 

rabbits. Moreover, the aortic arch was more prone to develop atherosclerotic lesions as 

compared to thoracic and abdominal aorta. This finding was consistent with that reported in the 

literature (Clarkson et al, 1974). The diet has caused significant increased all lipid parameters 

i.e. total cholesterol, triglycerides, LDL-cholesterol, VLDL-cholesterol including HDL-

cholesterol . 

 

Atorvastatin, the standard drug, significantly reduced degree development of atherosclerotic 

plaques in ascending aorta and arch while thoracic and abdominal parts of aorta were normal. 

Atorvastatin prevented the rise in the serum total cholesterol and LDL cholesterol but did not 

lower serum triglycerides and VLDL cholesterol levels significantly which is consistent with its 

effect seen clinical practice (National Cholesterol Education Program, 2001). It is also said that 

exogenously administered cholesterol diet leads to downregulation of lipoprotein receptors on 

hepatic cell surface and saturation of remaining receptors leads to a reduced clearance of VLDL 

(Taylor and Fan, 1997). Also since, atorvastatin is an HMGCoA reductase inhibitor, and inhibits 

the endogenous synthesis of cholesterol, this agent is more effective in the model of 

endogenously developed hyperlipidemia (induced by alcohol) than exogenously developed 
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hyperlipidemia (induced by high cholesterol diet). In spite of significantly raised HDL 

cholesterol levels, serum total cholesterol / HDL cholesterol ratio upon treatment with 

atorvastatin which indicates that atorvastatin has a beneficial effect on lipid profile. This has 

also been reflected in the histopathology of the liver wherein there was lower incidence of fatty 

changes in atorvastatin treated animals. The beneficial effects of atorvastain on lipid profile and 

vasculature are consistent with findings in literature (Malhotra and Goa, 2001; Bustos et al, 

1998). 

The effect of Plumbago zeylanica on atherosclerosis was comparable to that of atorvastatin 

illustrating its anti-atherosclerotic potential. Even the serum triglycerides and VLDL-C levels in 

Plumbago zeylanica group were less than that in atorvastatin group. Plumbago zeylanica said to 

be reducing absorption of dietary cholesterol and also increasing its excretion Sharma et al 

(1991). However, in the present study, Plumbago zeylanica failed to prevent the rise in 

cholesterol. Therefore the anti-atherosclerotic effects of this plant cannot be attributed to the 

mechanisms put forth by Sharma et al (1991). Plumbago zeylanica did not prevent the rise in 

serum total cholesterol / HDL-C ratio though showed significant rise in HDL-C levels in this 

group. The histopathology of liver in 2 animals from this group showed Grade III changes and 

remaining showed Grade II changes. There is likelihood that its potential to inhibit lipid 

peroxidation (Sasikumar and Shymaladevi, 2000) that might also be responsible for its anti-

atherosclerotic effect. The rise in triglycerides and VLDL-C in Plumbago zeylanica treated 

rabbits was lesser than that observed in all other drug treated groups (except for Phyllanthus 

emblica which showed the least rise). 

 
Phyllanthus emblica showed lower incidence of atherosclerosis and a trend towards reduction in 

mean plaque area and % of mean luminal encroachment of aorta by plaque. The total cholesterol 

levels were reduced significantly. In addition, a trend to decrease serum LDL-C, triglycerides 

and VLDL-C was also observed. Both HDL-C and serum total cholesterol / HDL cholesterol 

ratio were comparable to the group receiving cholesterol diet. It has been reported in the 

literature (Anila and Vijayalakshmi, 2002) that Phyllanthus emblica inhibited HMGCoA 

reductase activity and also caused increased excretion of cholesterol. The present study does not 

support this observation as there was an increase in total cholesterol and LDL-C. Anila and 

Vijayalakshmi, 2002 have also reported that Phyllanthus emblica reduces serum triglycerides 

and this may be due to enhancement of lipoprotein lipase activity This corroborates the findings 

of the present study regarding triglycerides. Effects of Phyllanthus emblica on total cholesterol 

levels were comparable to that of Atorvastatin but serum triglyceride and VLDL-C levels were 
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lesser than that of atorvastatin. Also there were some histological changes in the liver; the 

incidence of fatty changes was less as compared to high cholesterol diet. The beneficial effects 

of Phyllanthus emblica on atherosclerosis can be attributed to its anti-hyperlipidemic activity 

seen in the present study and that reported in the literature (Mishra et al, 1981). 

 
The anti-atherosclerotic effect of Cyperus rotundus was comparable to that of atorvastatin. 

However, Cyperus rotundus did not prevent the hyperlipidemic changes induced by the high 

cholesterol diet. Hence it appears that the beneficial anti-atherosclerotic effect of Cyperus 

rotundus may be mediated through its direct effect on the vasculature rather than on the lipid 

profile. Its anti-inflammatory activity and potential to inhibit nitric oxide (NO) and superoxide 

(O2
-) production by macrophages (Seo et al, 2001) might be responsible for this direct effect. 

 

Embelia ribes did not produce any beneficial effect on lipid profile. Fifty percent of animals 

showed Grade III changes in the liver.Embelia ribes showed a trend towards reduction in 

atherosclerosis, which may be attributed to the reported potential effect of embelin on inhibition 

of lipid peroxidation and oxidative stress (Chitra et al, 1995).  

 
It is also important to note that there was no involvement of coronaries in any of the animals 

treated with the plant drugs whereas 2 of 6 animals given only high cholesterol diet showed 

presence of atherosclerotic plaques. 

 

Thus, in the phase 1 the study, the plant drugs were found to prevent atherosclerotic changes 

though not the associated hyperlipidemia. The rises in the lipid levels in this model was 

abnormal and do not represent human findings. Such high levels of lipids may be masking the 

anti-hyperlipidaemic effect of the drugs. Atorvastatin, the standard anti-hyperlipidaemic drug 

also failed to protect against the rise in lipid levels. 

The current literature mentions that apart from hyperlipidemia, other non-lipid factors like 

vascular endothelial dysfunction, oxidative stress and inflammatory response to endothelial 

injury also play an important role in development and progression of atherosclerosis. Hence, a 

wide range of targets e.g. anti-oxidant system of the vessels, abnormal responsiveness of 

platelets to aggregating factors, ability of endothelium to synthesize nitric oxide etc. are 

available for anti-atherosclerotic agents. It may be possible that the plant drugs used in the 

present study may be modulating these non-lipid targets. 
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In the first sub-phase of phase 2 i.e. phase 2.1 of this study, the experiments were undertaken to 

explore whether the drugs have anti-hyperlipidaemic effects and/ or whether they exert non-

lipid effects.  

 

Oxidative stress also promotes the pathogenesis of atherosclerosis–an inflammatory disease. 

Atherosclerotic arteries produce reactive oxygen species (ROS) such as the superoxide anion 

(O2
-), which can promote oxidative modification of low-density lipoproteins (LDL). These in 

turn induce dysfunctioning of O2
- which alter the endothelial cell function. Uptake of 

oxidatively modified low density lipoprotein (OxLDL) by macrophages and smooth muscle 

cells transforms them to form of foam cells which is a critical step in the evolution of 

atherosclerosis (Amaki et al, 2004). The use of antioxidants has been found to be associated 

with reduced risk of CHD (Rimm et al, 1993) and now their role in prevention of atherosclerosis 

has also been proven experimentally (Ling et al, 2002). Therefore, it was decided to to evaluate 

anti-oxidant activity of these plant drugs. 

 

Male wistar rats were selected as they are the animals of choice for hyperlipidemia . There is a 

general similarity between the cardiovascular system of rats and that of man (Aguila et al, 

2002). One of the major advantages of rat models has been its easy availability and rearing, 

good reproducibility and simpler and non-expensive methods of study.  

 

The cholesterol intake and composition of diet (Narayanaswamy et al, 2000) as well as duration 

of diet are the critical determinant of hyperlipidemia in animals (Jacob and Kutty, 2004; Parab 

and Mengi, 2003; Matos et al, 2005; Jeong et al, 2005). Hence, an experimental model of 

hyperlipidemia using cholesterol supplementation [cholesterol (400mg) + cholic Acid (50mg) in 

coconut oil] orally for 35 days was established and the plant drugs were evaluated using 

atorvastatin as a comparator. Instead of extrapolated dose of human dose (Mahley and Bersot, 

2001)  for rats (7.5 mg/kg),  a dose of 50 mg/kg that was to have exerted  equivalent lipid 

lowering effect (Wassmann et al, 2001) was used .  

 

A significant increase observed in all the lipid parameters i.e. total cholesterol, LDL-C, 

triglycerides and VLDL-C in animals from cholesterol supplementation group confirmed 

reproducibility of the model. Malondialdehyde (MDA), regarded as an indicator of membrane 
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injury and  a relatively stable product yield of lipoperoxidation, levels were significantly higher 

in these rats indicating vascular oxidant damage.  

Atorvastatin significantly prevented the rise in the total cholesterol, LDL-C, triglycerides, 

VLDL-C and also in the vascular MDA levels. Plumbago zeylanica significantly prevented rise 

in triglycerides and VLDL levels and these results were comparable to atorvastatin. It 

significantly increased the HDL levels, maintained the HMGCoA – mevalonate ratio and also 

prevented lipoperoxidation of aorta as indicated by reduced vascular MDA levels. Its ethanolic 

extract has also been found to be anti-hyperlipidemic in experimental animals (Ram, 1996). 

 

Phyllanthus emblica showed a trend towards prevention in cholesterol levels but significantly 

prevented the rise in the LDL levels. It showed a trend towards increase in the HDL levels 

,maintained the HMGCoA – mevalonate ratio and also prevented lipoperoxidation of aorta by 

reducing vascular MDA levels.  These results are consistent with documented anti-

hyperlipidemic activity of Phyllanthus emblica given in rabbits (Mishra et al, 1981) and  its 

antioxidant effect (Scartezzini and Speroni, 2000). 

  

Cyperus rotundus showed a trend towards prevention in triglyceride levels and showed rise in 

the HDL levels. However, it failed to prevent lipoperoxidation of aorta. The anti-oxidant 

activity of Cyperus rotundus has been reported using tissue culture facilities (Seo et al, 2001). 

The effects observed using cell lines may differ than that observed in intact animals.  

Chitra et al, 1995 mentioned about the anti-oxidant properties of active principle (embelin) of 

Embelia ribes in tumor cell culture. But Embelia ribes failed to prevent the rise in lipid profile 

and vascular MDA levels in vivo in the present study.  

 

Phase 2.1 of this study showed that Plumbago zeylanica significantly prevented rise in 

triglycerides and VLDL levels while Phyllanthus emblica prevented the rise in the total 

cholesterol and LDL. Both significantly increased the HDL levels. Plumbago zeylanica and 

Phyllanthus emblica also prevented lipoperoxidation of aorta as indicated by reduced vascular 

MDA levels.Cyperus rotundus and Embelia ribes neither exert beneficial effects on lipid profile 

nor exhibited anti-oxidant activity. 

 

Hyperlipidemia leads to atherosclerosis and compromise in blood flow to the tissues. Increased 

coagulability associated with this condition can further decrease the blood flow. One of the 
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reasons for hypercoagulability is increase in platelet aggregability and this is associated with a 

poor prognosis in cardiovascular disease and can lead to complications in the future.  

 

The need for an anti-platelet agent in hyperlipidemia is being felt following understanding of the 

relationship between hyperlipidemia and abnormal platelet responsiveness and their contribution 

to the development of atherosclerosis.  

 

An ideal therapeutic agent in the management of hyperlipidemia would be one with both 

hypolipidemic and antiplatelet activity. The currently used modern medicinal agents for 

hyperlipidemia have also shown mild antiplatelet properties however their clinical application  

have its own limitations. Most hypolipidemics do not retain their activity on discontinuation. 

Statins, which form the main class of drugs are associated with intolerable adverse effects like 

myopathy and gastrointestinal disturbances. 

 

Taking these leads and based on the earlier studies carried out  in our laboratories, which were 

indicative of anti-hyperlipidemic activity, it was decided to evaluate Phyllanthus emblica, 

Plumbago zeylanica, Cyperus rotundus and Embelica ribes extensively for their anti-platelet 

activity in normal healthy volunteers followed by hyperlipidemic patients using a in vitro 

method based on turbidimetry in phase 2.2 of  the present study .  

 

 In vitro testing of platelet activity of any drug is possible only if the compounds are water-

soluble. This is because particulate matter interferes with the measurement of aggregation. The 

aqueous extracts of the plant drugs were not completely soluble in water. Hence it was decided 

to filter the extracts of the plant drugs and the filtrates were used for in vitro study.  

 

The concentrations used for the study were extrapolated from the human dose, considering the 

distribution of the drugs in crude form in total body water, extracellular fluid and plasma.  

Extractive values of the aqueous extracts were provided by the industry and of the filtrates were 

computed using the method described in Indian Pharmacopoiea. As no data was available for 

effective concentrations of these plants in any of the in vitro studies, it was decided to use the 

filtrates in the concentrations as would have been used for the crude drugs and then based on the 

results to vary them to suit the therapeutic concentrations of plant drugs. It was decided to 

calculate the corresponding effective concentrations at the end of the study. 
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Aspirin, a nonsteroidal anti-inflammatory drug was used as positive control as it is the most 

common currently used agent for antiplatelet action for secondary prophylaxis of stroke and 

myocardial infarction. The other commonly used drug, clopidoghrel, a thienopyridine, shows no 

activity in vitro, being a pro-drug[Geiger et al, 1999]. Aspirin imparts its primary antithrombotic 

effects through the inhibition of cyclooxygenase (COX 1) [Awtry and Loscalzo, 2002] leading 

to interference with the biosynthesis of cyclic prostanoids, prostacyclin, thromboxane A2 

(TXA2) and other prostaglandins ultimately causing inhibition of platelet aggregation. The dose 

of aspirin selected i.e. 0.025 mg/ml corresponds to the levels achieved by low dose aspirin in 

plasma[Wang et al, 2002; Stuart, 1970]. Distilled water in which the plant drugs were dissolved 

served as negative control. 

 

Considering influence of reproductive hormones on lipids and intra- and inter-individual 

variability in platelet responsiveness, it was decided to generate data on platelet aggregability in 

minimum 12 male normal and 12 hyperlipidemic patients male subjects for each concentration 

of the test drugs. 

 

Before studying the antiplatelet activity of the plant drugs, viability of the platelets were studied 

by estimating the LDH levels. Incubation of platelets from normal volunteers as well as from 

hyperlipidemic patients with Plumbago zeylanica, Cyperus rotundus and Embelia ribes did not 

show any change in the LDH levels in the selected concentrations, whereas highest 

concentration of Phyllanthus emblica, i.e. 2 mg/ml was toxic to the platelets and was not 

included in the further study on platelet aggregation.  

 

The effect of drugs on the platelet aggregation using 3 aggregating agents viz. ADP, collagen 

and epinephrine was measured in terms of maximum platelet aggregation was compared with 

negative control as well as aspirin. Percentage inhibition of aggregation by test drugs as measure 

of degree of anti-platelet activity was calculated and compared with aspirin.  

 

Significant inhibition of maximum platelet aggregation induced by 2.5 μM ADP, 5 μM of 

epinephrine and 1 μg/ml of collagen by aspirin when compared with the vehicle control found 

in our study has also been reported in literature[Stuart, 1970;Wang et al, 2002] which validates 

our assay system. 
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In normal volunteers, Phyllanthus emblica at 150, 250, 500 and 1000 μg/ml significantly 

inhibited aggregation induced by all the 3 aggregating agents when compared to vehicle control.  

Of these, the concentrations which showed maximum antiplatelet activity were 500 μg/ml and 

1000 μg/ml Although the plant filtrate of Phyllanthus emblica inhibited platelet aggregation, 

when compared with aspirin, the extent of inhibition was significantly lower. In hyperlipidemic 

patients, Phyllanthus emblica at 150, 500 and 1000 μg/ml significantly inhibited aggregation 

induced by ADP, collagen and epinephrine when compared to the vehicle control. Of the 3 

concentrations which were found effective, the activity of the higher two concentrations i.e. 500 

and 1000  μg/ml were found to be comparable to each other. However, this activity was 

significantly lesser than that of aspirin.  

 

The next plant drug was Plumbago zeylanica which, also inhibited platelet aggregation in 

normal volunteers against all 3 aaggregating agents. The percent inhibition of platelets by all 

three concentration of the plant drug was significantly less than aspirin against ADP, collagen 

and epinephrine. The concentration of 40μg/ml exhibited optimal effect. Same results were 

obtained in hyperlipidemic patients. Cyperus rotundus and Embelia ribes though inhibited 

platelet aggregation against all 3 aggregating agents, the percentage of inhibition was still lesser 

(less than 10 %) than aspirin as well as that of Phyllanthus emblica and Plumbago zeylanica.  

 

Inhibition of platelet aggregation by the combination of aspirin (0.025 mg/ml) with either 

Phyllanthus emblica (500 μg/ml) or Plumbago zeylanica (40 μg/ml) was not significantly 

different from that of aspirin alone implying that the plant drugs failed to enhance the anti-

platelet potential of aspirin. It appears that in the in vitro assay system, for the concentration of 

aggregating agent used, aspirin may be maximally inhibiting the platelets, thereby masking the 

effect of the plant drug 

 

As per ayurvedic pharmacology, Phyllanthus emblica and Plumbago zeylanicus are known to 

have opposing characteristics i.e. In large doses Plumbago zeylanicus causes gastric irritation 

and bleeding and needs to be administered in a very small dose. However, these effects can be 

countered by Phyllanthus emblica, which is considered as gastroprotective and hemostatic 

agent. They have similar tissue affinities i.e. both act on blood [rakta] and fat [meda] [Gogte, 

2000a,b]. Phase 1 & phase 2.1 of this study has proved that they have anti-hyperlipidemic 
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effects and antioxidant property, while in this of phase in the present study both were found to 

have anti-platelet activity. Hence it was thought worthwhile to study the two in combination for 

possible additive or synergistic effects. Such combination may also be safe considering that the 

Phyllanthus emblica may negate the adverse effects of Plumbago zeylanica.  

 

As seen from the Results, the inhibitory effect of the combination of Phyllanthus emblica and 

Plumbago zeylanica on aggregation of platelets procured from normal volunteers (against ADP) 

as well as hyperlipidemic patients (against ADP and collagen)  was  significantly higher than 

that exerted by the plants individually. This proves that these plant drugs exhibit synergistic 

effect against platelet aggregation. Considering the major role played by ADP in perpetuation of 

platelet aggregation on atherosclerotic plaques, the combination of Phyllanthus emblica and 

Plumbago zeylanica may have therapeutic implications. A currently widely used potent anti-

platelet agent, clopidogrel also acts only through interference with ADP mediated platelet 

reactions [Sharis, et al, 1998; Geiger et al, 1999]. 

 

Anti-inflammatory activity of Phyllanthus emblica, Plumbago zeylanica, Cyperus rotundus and 

the combination of Phyllanthus emblica and Plumbago zeylanica was evaluated in phase 2.3 of 

the study against two models of acute inflammation viz. Carrageenan induced paw edema in rats 

and peritonitis induced by acetic acid in mice. When the individual study drugs were 

administered it was seen that all the drugs showed a trend towards reducing the edema however 

the reduction was not significant. The group given the combination of Pe+Pz reduced the edema 

significantly and was comparable to that of aspirin. 

 

The protein content after inducing peritonitis upon treatment with  aspirin reduced significantly 

and there was comparable decrease in protein content found in all plant drugs while the 

combination therapy of Pe+Pz exhibited maximum effect as compared to the drugs given 

individually. 

 

In phase 2.3 of the study, in vitro studies were carried in 3 parts out to study effect of 

Phyllanthus emblica, Plumbago zeylanica, and the combination of Plumbago zeylanica and 

Phyllanthus emblica [Pe+Pz] on vascular responsiveness and to investigate the mechanisms 

underlying the effects of the plant drugs on vascularresponsiveness due to these plants  
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In first part of phase 2.3, effect of Phyllanthus emblica, Plumbago zeylanica and the 

combination [Pe+Pz]  on nitric oxide synthesis by endothelial cell culture in-vitro, both in 

presence/absence of exogenous and endogenous NO donors.  

The endothelial cells when incubated absence of NO donor Pe, increased  production of NO in 

dose dependent manner till 350 µg/ml and Pz increased NO at all concentrations. The Pe+Pz 

combination (350+30 µg/ml) showed significantly high NO production as compared to 

concentrations of individual plants When the endothelial cells where exposed to endogenous 

donor and exogenous donor SNP  the NO release was found to be significantly higher than that 

produced by distilled water alone. It was also observed that the nitric oxide released by the 

individual concentrations of the study drugs in presence of NO donors was more than that 

released by the distilled water and NO donor together. 

In the II part of phase 2.3, effects of the study drugs on chemotaxis and adhesion of monocytes 

were evaluated. LDL significantly increased monocyte chemotaxis and their adhesion to 

endothelial cells Phyllanthus emblica and Plumbago zeylanicus decreased the chemotaxis and 

adhesions in concentration dependent manner; the decrease was significant compared to LDL 

control alone The combination [Pe+Pz] significantly decreased the chemotaxis and adhesion. 

This decrease was significant when compared to 30μg/ml of Plumbago zeylanicus alone. 

However, it was comparable to that of 350μg/ml of Phyllanthus emblica. 

Plumbago zeylanica, Phyllanthus emblica and their combination[Pe+Pz] showed increase in 

prostaglandin synthesis by vascular endothelial cells. 

The prostaglandin release was not prevented using COX inhibitor with the drugs. Therefore the 

effect of the study drugs on prostaglandin synthesis did not appear to be direct effect on the 

vascular endothelial cells. It appears that the indirect effect mediated via NO was responsible for 

the increase in PG levels observed after incubation of endothelial cells with the study drugs. On 

the other hand, PG release was also not prevented using NOS inhibitor. Thus the effects of study 

drugs are not totally mediated through NO. As PGs were released in the supernatant but in a 

lesser amount in presence of NO inhibitor or COX inhibitor, both direct and indirect effect 

appeared to be responsible for PG release. Thus the study drugs appear to stimulate both, NOS 

and COX pathway and thus increase the production of eicosanoids. 
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Phase 3 of the present study was undertaken taking leads from traditional knowledge base and 

using current scientific evidence available for individual plant drugs. To explore the fixed dose 

combination [Pe+Pz] for prevention of atherosclerosis, hyperlipidemia and inhibition of platelet 

aggregation in a time tested model of atherosclerosis in rabbits administered cholesterol rich diet 

was used. 

 

As Ayurveda has not mentioned the combination of the two plant drugs and this is the first in 

vivo study using the combination, no information was available on the ratio or proportion to be 

used in the formulation. It was difficult to extrapolate information regarding the concentration 

used in in vitro studies to animal studies as pharmacokinetic data is not available for indigenous 

drugs. Hence, aqueous extracts of Plumbago zeylanica and Phyllanthus emblica procured from 

a renowned pharmaceutical industry were combined in doses corresponding to the highest of the 

range advised in humans.  

The formulation containing Plumbago zeylanica and Phyllanthus emblica [Pe+Pz] when given 

to rabbits concurrently with high cholesterol diet reduced the development of atherosclerosis in 

all the segments of aorta. The mean lesion area and mean luminal encroachment by the lesion 

were also significantly less. This shows that [Pe+Pz] significantly reduced the development of 

atherosclerosis when compared to the disease control group and was was comparable to 

atorvastatin group. However, the formulation, like atorvastatin did not protect liver and spleen 

from fat deposition. In our study, the formulation effectively decreased the total cholesterol, 

VLDL cholesterol and triglycerides but did not affect the HDL cholesterol as compared to the 

disease control animals. The fact that the formulation [Pe+Pz] did not significantly reverse the 

rise in HDL though it significantly reduced the total cholesterol level raises a possibility that the 

formulation has an HDL elevating action, which needs to be explored. Further, there was only a 

trend towards decrease in LDL cholesterol. The failure of the combination to significantly 

reduce the LDL levels might be explained by the same reasoning as given for atorvastatin. Thus, 

except for the effects on HDL cholesterol levels, the effects of the formulation on other lipid 

parameters were comparable to atorvastatin.  

The combination was also found to inhibit ADP induced platelet aggregation. This was neither 

observed in the disease control group nor with the positive control, atorvastatin treated group. 

This combination of [Pe+Pz] has been studied previously for antiplatelet activity in vitro and 

found to be as efficacious as aspirin in inhibiting platelet aggregation against ADP in normal 
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individuals and against both ADP and collagen in hyperlipidemic individuals. The anti-platelet 

effect of the combination in the present study was seen only against ADP and not collagen. 

Considering the major role played by ADP in perpetuation of platelet aggregation on 

atherosclerotic plaques, this potential of the formulation of Plumbago zeylanica and Phyllanthus 

emblica [Pe+Pz] would be an asset. A currently widely used potent anti-platelet agent, 

clopidogrel also acts only through interference with ADP mediated platelet reactions (Sharis, et 

al., 1998; Geiger et al., 1999). 

As this is the first in vivo study conducted with this plant drug combination, no literature is 

available for the combination to compare our results. However, the plants included in this 

formulation have been studied individually.  

 

14. Conclusions summerizing the achievements and indication of scope for future work  
 

The study using rabbit model of high cholesterol diet induced atherosclerosis, Plumbago 

zeylanica was the best in prevention of atherosclerosis, followed by Cyperus rotundus, 

Phyllanthus emblica and Embelia ribes. Plumbago zeylanica and Cyperus rotundus were as 

effective as atorvastatin in reducing plaque area and its encroachment on the aortic lumen. Of 

these two, Plumbago zeylanica was better drug. 

 
 

In spite of anti-atherosclerotic effect, the effects of these plants on hyperlipidaemia were 

variable. Only Phyllanthus emblica prevented rise in total cholesterol levels and LDL 

cholesterol significantly whereas both Phyllanthus emblica and Plumbago zeylanica showed a 

trend to decrease serum trigycerides and VLDL-C. None of the plants however exerted 

beneficial effects on serum HDL-C and did not lower the serum total cholesterol / HDL-C ratio. 

Thus, the anti-atherosclerotic effects of these plants do not appear to be linked with anti-

hyperlipidemic effect. Reduction in fatty infiltration was more in group treated with Cyperus 

rotundus.   
 

No change in plasma total homocysteine levels was observed in any of the animals even after 

induction of atherosclerosis. None of the study drugs had any effect on these levels 

 

The model of hyperlipidaemia rats, Plumbago zeylanica and Phyllanthus emblica exhibited an 

anti-hyperlipidaemic effect. Plumbago zeylanica was more effective in preventing rise in 

triglycerides and VLDL while Phyllanthus emblica protected against the rise in total and LDL 
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cholesterol. Both the agents increased the HDL levels. The other two plant drugs failed to 

protect against hyperlipidaemia. Vascular MDA levels were lowered in rats given Phyllanthus 

emblica and Plumbago zeylanica indicating prevention of oxidative damage by these two drugs. 

Further work is necessary to find out the possible mechanisms of Cyperus rotundus and Embelia 

ribes. Since atherosclerosis is a multi-factorial process, their anti-atherosclerotic effects may be 

mediated through different pathways. 

 
The platelet aggregation studies on platelets from both normal and hyperlipidemic patients 

revealed that, amongst the 4 plant drugs only Phyllanthus emblica and Plumbago zeylanica 

were found to exert appreciable activity against ADP, collagen and epinephrine induced platelet 

aggregation, although the degree of inhibition was inferior to aspirin. Combination of aspirin 

either with Phyllanthus emblica or with Plumbago zeylanica did not produce any additive or 

synergistic effect on anti-platelet activity. Combinationof Phyllanthus emblica or with 

Plumbago zeylanica exert synergistic anti-platelet effects both against normal platelets and 

platelets derived from hyperlipidemic patients that was comparable to that of aspirin.   

 
Phyllanthus emblica, Plumbago zeylanica and Cyperus rotundus exhibited anti inflammatory 

potential which may contribute to their anti- atherosclerotic effect. The combination of 

Phyllanthus emblica and Plumbago zeylanica, selected on the basis of their Ayurvedic 

properties was found to be synergistic. Anti-inflammatory effect of the combination therapy 

appears to be contributing to the anti-atherosclerotic effects exerted by medohara plants from 

Ayurveda. However, confirmation was needed using a model of vascular inflammation and 

hence further work was undertaken. 

 

Phyllanthus emblica, Plumbago zeylanica, and the combination of Phyllanthus emblica and 

Plumbago zeylanica [Pe+Pz] increased the NO production. Further, they also potentiated the 

effect of both endogenous as well as exogenous NO producers pointing towards a dual 

mechanism of action. 

Plumbago zeylanica, and the [Pe+Pz] decreased chemotaxis and adhesion of monocytes to 

endothelial cells that is initiated by LDL, which is an initial step in vascular inflammation 

responsible for atherosclerotic plaque formation. 

Plumbago zeylanica, Phyllanthus emblica and their combination, [Pe+Pz] showed increase in 

prostaglandin synthesis by vascular endothelial cells. 
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The prostaglandin release was not prevented using COX inhibitor with the drugs. Therefore the 

effect of the study drugs on prostaglandin synthesis did not appear to be direct effect on the 

vascular endothelial cells. It appears that the indirect effect mediated via NO was responsible for 

the increase in PG levels observed after incubation of endothelial cells with the study drugs. On 

the other hand, PG release was also not prevented using NOS inhibitor. Thus the effects of study 

drugs are not totally mediated through NO. As PGs were released in the supernatant but in a 

lesser amount in presence of NO inhibitor or COX inhibitor, both direct and indirect effect 

appeared to be responsible for PG release. Thus the study drugs appear to stimulate both, NOS 

and COX pathway and thus increase the production of eicosanoids. 

The scientific evidences generated through study using rabbit model of high cholesterol induced 

atherosclerosis confirm that this novel combination of Plumbago zeylanicus and Phyllanthus 

emblica, developed based on traditional knowledge possesses anti-atherosclerotic and 

antihyperlipidemic potential. Moreover, it exerts anti-platelet activity which is a valuable asset 

for a multifactorial disease like atherosclerosis. The formulation also appeared to be safe.  

 

The fact that the combination Plumbago zeylanica and Phyllanthus emblica did not significantly 

reverse the rise in HDL though it significantly reduced the total cholesterol level raises a 

possibility that the formulation has an HDL elevating action, which needs to be explored 

 

The findings platelet aggregation studies create a platform for the clinical trials, in which effects 

of oral administration of the combination of these plant drugs can be evaluated on platelet 

responsiveness in hyperlipidemic individuals and patients in need of anti-platelet therapy. Such 

studies would provide an effective yet safe indigenous alternative to aspirin. 
 

     Another interesting research avenue in future is to investigate whether these plant drugs cause   

regression of established atherosclerotic lesions. This would strengthen their place in the 

management of established coronary heart disease. Thus, the results of the present study need to 

be followed zealously, with extensive research to explore the potential of these indigenous 

plants for the benefit of mankind. 
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15. Procurement /Usage of Euipment  
 

Sr. 
No. 

Name of the 
Equipment  

Make  / 
Model  

Cost  
FE/Rs. 

Date of 
installtion

Utilisation 
rate % 

Remarks regarding 
maintenance / 
breakdown  

1 490-4D Four 
channel platelet 
aggregation 
system  
(Platelet 
Aggregocorder)  

Chronolg, 
USA 
(M/s.Wheecon 
instruments 
Inc ) 

Rs.4,9,579.00 2002 100% Services given by the 
Indian agents are 
excellent, very few 
breakdown   

 
 
16. Manuscript for publication (300 words for possible publication in council’s Bulletin)  
 

    The widespread suffering, huge economic impact and the lacunae in modern medicine 

management of atherosclerosis demand an integrative medical approach. Taking leads from 

Ayurveda and current scieniticfic evidences, 4 plants from medohara group (indicated for  

dhamanipratichya, a condition akin to atherosclerosis) viz. Plumbago zeylanica (Pz), 

Phyllanthus emblica (Pe), Cyperus rotundus (Cr) and Embelia ribes (Er) were selected to 

evaluate them against atherosclerosis and its pathogenic mechanisms- hyperlipidaemia, 

abnormal platelet activity and defective defense mechanisms of vessel wall. It was found that Pz 

and Pe decreased atherosclerotic lesions in rabbits administered high cholesterol diet (HCD). 

They prevented rise in lipid levels in a rat model of hyperlipidaemia, exhibited weak anti-

aggregatory effects against platelets derived from normal and hyperlipidaemic individuals and 

strengthened vascular defense mechanisms. For the latter, series of in vitro and ex vivo 

experiments were undertaken which showed that these drugs decrease chemotaxis and adhesion 

of monocytes to endothelium, increase vascular NO and PGI2, and prevent rise in vascular 

MDA levels. 

As per Ayurvedic pharmacology, Pz and Pe have affinity for rakta and meda dhatus with 

contrasting ayurvedic pharmacological characteristics. Moreover, Pe can negate the adverse 

effects of Pz (gastric ulceration and bleeding) and is known to be safe even in large doses. 

Hence a formulation containing [Pe+Pz] was developed to be used against atherosclerosis.  It 

contained Pz as 46.67 mg of crude drug/kg and Pe 280 mg/kg. 

    This formulation was tested initially on 3 cellular assays. The combination increased NO 

and prostacyclin production by human umbilical vein endothelial cells, prevented platelet 

aggregation induced with ADP comparable to aspirin and decreased chemotaxis and adhesion of 

monocytes to endothelial cell that was initiated by LDL, an initial step in vascular inflammation 
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that leads to atherosclerosis. These multi-cellular studies revealed the synergistic effects of the 

combination and strengthened our hypothesis. To prove it, a time tested model of atherosclerosis 

in rabbits administered cholesterol rich diet was used wherein effects of the combination on 

atherosclerotic lesions, hyperlipidemia and platelet aggregation were evaluated.  Atorvastatin 

served as the positive control and was given in a dose of 2.8 mg/kg. 

  Atorvastatin prevented atherosclerotic lesions in the ascending and arch of aorta induced 

by HCD (p < 0.01). Effects of [Pe+Pz] on the atherosclerosis were comparable (p < 0.05 vs 

disease control). Morphometric analysis revealed significant reduction in mean lesion area in the 

aortic arch (p < 0.01) and mean aortic enchroachment (p < 0.01) in atovastain and [Pe+Pz] 

treated rabbits. Both the treatment groups were comparable. Compared to disease control, 

atorvastatin or [Pe+Pz] showed a decrease in the serum total cholesterol (p < 0.001), 

triglycerides ((p < 0.01) and VLDL (p < 0.01) with a trend towards reduction in LDL. [Pe+Pz] 

prevented ADP induced platelet aggregation (p < 0.01) but not atorvastain. 

  Thus this novel formulation [Pe+Pz], developed through integrative pharmacological 

research translating leads from Ayurveda, was proved to exert anti-atheroscelortic and anti-

hyperlipidemic effects comparable to atorvastatin. In addition, it has an antiplatelet effect.   

Further clinical development is needed to position it in curren therapeutics. 
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Annexure 



                           
      Figs.1-8 : Indian Medicinal Plants selected for the study 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 1: Plumbago zeylanica 

Fig. 2: Parts of Plumbago zeylanica 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Phyllanthus emblica 

Fig. 4: Parts of Phyllanthus emblica 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
  

Fig. 5: Cyperus rotundus 

Fig. 6: Roots of Cyperus rotundus 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 
 

 
 

Fig. 7: Embelia ribes 

Fig. 8: Fruits of Embelia ribes 



 
 
 
    Fig.9: Serum Total cholesterol in rabbits on HCD for 28 & 45 days  
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    ND- Normal Diet; HCD: High Cholesterol Diet; 28D: 28Day; 45D: 45 Day; Basal: 0 day, Final : 29th/46th day    
 
 
   Fig.10: Serum HDL cholesterol in rabbits on HCD for 28 & 45 days 
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  Fig.11: Serum LDL cholesterol in rabbits on HCD for 28 & 45 days 

* p<0.01, NS Not significant v/s corr. Basal;
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    ND- Normal Diet; HCD: High Cholesterol Diet; 28D: 28Day; 45D: 45 Day; Basal: 0 day, Final: 29th/46th day    
 
 
 
 
  Fig.12: Serum VLDL cholesterol in rabbits on HCD for 28 & 45 days 
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  Fig.13: Serum Triglycerides in rabbits on HCD for 28 & 45 days 
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Fig.14: Atherosclerotic lesions in aorta of rabbits on HCD for 28 & 45days  
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Fig.15: Fatty changes in liver of rabbits on HCD for 28 & 45 days  
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Fig.16: Effect of study drugs on Serum Total cholesterol in rabbits   
on HCD for 45 days 
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   Atr: Atorvastatin; Pz:Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ;Er: Embelia ribes ;    
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Fig. 17 : Effect of study drugs on Serum Triglycerides in rabbits   

on HCD for 45 days 

 # p<0.01  all gps (F) v/s  corr.. Gp(B) ;
$ p<0.05 all gps (F)v/s ND+DW Gp(F); 

             NS  Non significant  SDG (F)  v/s HCD + DW Gp(F)
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    DW : Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet; SDG: Study drug groups; 
    (B):  Basal , 0 Day; (F): Final ,46th Day 
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Fig. 18 : Effect of study drugs on Serum  LDL cholesterol in rabbits   
on HCD for 45 days 

# p<0.01  all gps (F) v/s  corr.. Gp(B) ;
  $ p<0.01 all gps (F)v/s ND+DW Gp(F); 

             * p<0.05  SDG (F)  v/s HCD + DW Gp(F).
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    Atr: Atorvastatin; Pz:Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ;Er: Embelia ribes ;    
    DW : Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet; SDG: Study drug groups; 
    (B):  Basal , 0 Day; (F): Final ,46th Day 
 
 
 

Fig. 19 : Effect of study drugs on Serum VLDL cholesterol in rabbits   
on HCD for 45 days 

* p< 0.05 , ** p< 0.01 all gps (F) v/s  corr.. Gp(B);

   # p< 0.05 all gps (F)v/s ND+DW Gp(F); 

             NS Non significant SDG (F) v/s HCD + DW Gp(F).
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    Atr: Atorvastatin; Pz:Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ;Er: Embelia ribes ;    
    DW : Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet; SDG: Study drug groups; 
    (B):  Basal , 0 Day; (F): Final ,46th Day 
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Fig. 20 : Effect of study drugs on Serum HDL cholesterol in rabbits   
on HCD for 45 days 

*p<0.01 all gps (F) v/s  corr.. Gp(B);# all gps (F)v/s ND+DW Gp(F);

              NS Nonsignificant SDG (F)  v/s HCD + DW Gp(F);
* p< 0.05  SDG(F)v/s HCD+Atr Gp(F)
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    Atr: Atorvastatin; Pz:Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ;Er: Embelia ribes ;    
    DW : Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet; SDG: Study drug groups; 
    (B):  Basal , 0 Day; (F): Final ,46th Day 
 
 
 
 
Fig. 21: Effect of study drugs on Serum Total: HDL Cholesterol ratio in 

rabbits on HCD for 45 days 
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    Atr: Atorvastatin; Pz:Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ;Er: Embelia ribes ;    
    DW : Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet; SDG: Study drug groups; 
    (B):  Basal, 0 Day; (F): Final, 46th Day 
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   Fig. 22: Effect of study drugs on Serum Homocysteine in rabbits   

on HCD for 45 days 

No significant diffrence in any of the comparsions 
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   Atr: Atorvastatin; Pz:Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ;Er: Embelia ribes ;    
    DW : Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet; SDG: Study drug groups; 
    (B):  Basal, 0 Day; (F): Final, 46th Day 
 
 
 



 
 

Fig. 23: Effect of study drugs on atherosclerotic lesions in aorta in 

rabbits after 45 days of HCD  
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Fig. 24: Effect of study drugs on incidence of atherosclerosis in rabbits   

on HCD for 45 days 
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Fig. 25: Effect of study drugs on atherosclerotic lesions in aortic arch  
in rabbits on HCD for 45 days 
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Fig. 26: Effect of study drugs on atherosclerotic lesions in thoracic 
aorta in rabbits on HCD for 45 days 
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Fig. 27: Effect of study drugs on atherosclerotic lesions in abdominal 
aorta in rabbits on HCD for 45 days 
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Fig. 28: Effect of study drugs on fatty changes in liver after 45 days 
of HCD in rabbits 
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Fig. 29: Effect of study drugs on mean plaque area of atherosclerotic 

lesions in aorta in rabbits on HCD for 45 days  

* p< 0.05, NS Non significant v/s HCD+DW group
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      Atr: Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ; 
      Er: Embelia ribes;   DW: Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet  

 
 
 

   Fig. 30: Effect of study drugs on % mean luminal encroachment of   
                 aortic arch by atherosclerotic plaque in rabbits on  

HCD for 45 days 

* p< 0.05,NS Non significant V/s HCD+ DW grp; NS1 Non significant V/s Atr grp
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      Atr: Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ; 
      Er: Embelia ribes;   DW: Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet  
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Fig. 31: Effect of study drugs on % mean luminal encroachment of                  
              thoracic aorta by atherosclerotic plaque in rabbits on  

HCD for 45 days 
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      Atr: Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ; 
      Er: Embelia ribes;   DW: Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet  
 
 

 
Fig. 32: Effect of study drugs on % mean luminal encroachment of    
              abdominal aorta by atherosclerotic plaque in rabbits on  

HCD for 45 days 

*p< 0.05 V/s HCD+ DW grp
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      Atr: Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ; 
      Er: Embelia ribes;   DW: Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet  
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Fig.33. Diagrammatic representation of major mechanisms involved in     
             the development of atherosclerosis and various drugs for the       

treatment of disease 
 

 



 
Fig. 34: Effect of study drugs on percent change in serum Total   
               Cholesterol in rats on HCD for 35 days               
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 Fig. 35: Effect of study drugs on percent change in serum LDL   

Cholesterol in rats on HCD for 35 days               

______________________________ 
HCD

0

40

80

120

160

   DW    
ND

DW Atr Pz Pe     Cr      Er

$$  p< 0.01 Vs DW+ND;   *p< 0.05, NS Non significant Vs DW+HCD

%

 
      Atr : Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; Cr: Cyperus rotundus ; 
      Er: Embelia ribes;  DW: Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet  

$$$ 

*

NS
NS

NS 

NS

$$ 

* *
NS

NS 

NS 



 

 Fig. 36: Effect of study drugs on percent change in serum Triglycerides 
in rats on HCD for 35 days               
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Fig. 37: Effect of study drugs on percent change in serum VLDL   

Cholesterol in rats on HCD for 35 days               
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    Fig. 38: Effect of study drugs on percent change in serum HDL   
Cholesterol in rats on HCD for 35 days               
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 Fig. 39: Effect of study drugs on ratio of HMG CoA/ Mevalonate in rats 

on HCD for 35 days  
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   Fig. 40: Effect of study drugs on vascular MDA in rats on HCD 
                                                 for 35 days 
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   Fig. 41: Effect of study drugs on liver MDA in rats on HCD for 35 days 
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 Fig. 42: Effect of study drugs on liver GSH in rats on HCD for 35 days 
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      Er: Embelia ribes;  DW: Distilled water; ND- Normal Diet; HCD: High Cholesterol Diet  

 
 
 
 
Fig. 43: Effect of study drugs on plasma MDA in rats on HCD for 35 days 
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Fig. 44: Effect of study drugs on plasma GSH in rats on HCD for 35 days 
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Fig. 45: Effect of Phyllanthus emblica on maximum platelet aggregation            
(Normal volunteer study) 
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Fig. 46: Effect of Phyllanthus emblica on percentage inhibition of 

platelet aggregation (Normal volunteer study)  
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Fig. 47: Effect of Plumbago zeylanica on maximum platelet aggregation            
(Normal volunteer study) 
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Fig. 48: Effect of Plumbago zeylanica  on percentage inhibition of 
platelet aggregation (Normal volunteer study)  
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Fig. 49: Effect of Cyperus rotundus on maximum platelet aggregation            
(Normal volunteer study) 
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Fig. 50: Effect of Cyperus rotundus  on percentage inhibition of platelet 
aggregation (Normal volunteer study)  
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Fig. 51: Effect of Embelia ribes on maximum platelet aggregation            

(Normal volunteer study) 
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Fig. 52: Effect of Embelia ribes on percentage inhibition of platelet 
aggregation (Normal volunteer study)  
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Fig. 53: Effect of co-incubation of Phyllanthus emblica and Plumbago   
             zeylanica with aspirin on  maximum platelet aggregation  

(Normal volunteer study) 
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Fig. 54: Effect of co-incubation of Phyllanthus emblica and Plumbago   

        zeylanica with aspirin on percentage inhibition of platelet 
aggregation (Normal volunteer study)  
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Fig. 55: Effect of combination of Phyllanthus emblica  and Plumbago   
             zeylanica  on  maximum platelet aggregation and percentage 

inhibition  (Normal volunteer study) 
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Fig. 56: Effect of Phyllanthus emblica and Plumbago zeylanica on 
maximum platelet aggregation 

(Hyperlipidaemic patients study) 
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Fig. 57: Effect of Phyllanthus emblica and Plumbago zeylanica on percent 
inhibition of platelet aggregation 
(Hyperlipidaemic patients study) 
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Fig. 58: Effect of combination of Phyllanthus emblica  and Plumbago   
             zeylanica  on  max. platelet aggregation and % inhibition  

(Hyperlipidaemic patients study) 
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Fig. 59: Effect of study drugs on carageenan induced rat paw edema 
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Fig. 60: Effect of study drugs on protein content in mice with acetic acid 

induced peritonitis 
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Fig. 61: Effect of Phyllanthus emblica , Plumbago zeylanica; and their 
combination  on  Nitric Oxide (NO) production  
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Fig. 62: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                 combination on  Nitric Oxide (NO) production in the presence 

of  L- Arginine  
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Fig. 63: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                 combination on  Nitric Oxide (NO) production in the presence 

of  Sodium Nitroprusside   
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Fig. 64: Effect of Phyllanthus emblica , Plumbago zeylanica; and their 

combination  on  chemotaxis of endothelial cells 
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Fig. 65: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                 combination on  adhesion of monocytes to endothelial cells 
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Fig. 66: Effect of Phyllanthus emblica , Plumbago zeylanica; and their 

combination  on  PGI2 release by HUVECs 
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Fig. 67: Effect of Phyllanthus emblica , Plumbago zeylanica; and their 

combination  on  PGE2 release by HUVECs 
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Fig. 68: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                combination  on  PGI2 release by HUVECs in the presence of 

COX  inhibitor 

_______________________ 
Indomethacin 10 μM

0

100

200

300

400

500

600

  DW     Pe       
350

     Pz      
30 

[Pe+Pz]
350+30 

   DW      Pe      
350 

     Pz      
30

[Pe+Pz]
350+30  

* p< 0.001 Vs DW; @ p<0.01 vs DW + Indomethacin

6
-K

et
o–

 P
G

F1
α

 (
p

g
/m

l)

 
    Pe: Phyllanthus emblica ; Pz:Plumbago zeylanica ; DW: Distilled water;   PG: Prostaglandin 

 
 
 
 
 

Fig. 69: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                combination  on  PGI2 release by HUVECs in the presence of 

NOS inhibitor 
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Fig. 70: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                combination  on  PGE2 release by HUVECs in the presence of 

COX  inhibitor 
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Fig. 71: Effect of Phyllanthus emblica , Plumbago zeylanica; and their   
                combination  on  PGE2 release by HUVECs in the presence of 

NOS inhibitor 
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            Fig. 72 : Histopathological  sections showing effect of combination of Phyllanthus 
                                  emblica  and Plumbago zeylanica  [Pe+Pz]  and atorvastatin on  
                                                                 atherosclerotic lesions  

                                                                                                             

   
 

 

 

 

                        

 
                                
 
 
 
 
  Photomicrograph of H & E stained section of aorta viewed under Magnification: 5X x 10X 
 
 

   Section of aorta taken from a rabbit on  
         [Pz+Pe] with cholesterol rich diet       

  Section of aorta taken from a rabbit on  
         atorvastatin + cholesterol rich diet      

   Section of aorta taken from a rabbit on  
                     Normal  diet       

  Section of aorta taken from a rabbit on  
                   cholesterol rich diet      



 
Fig. 73: Effect of combination of Phyllanthus emblica  and  Plumbago 

zeylanica  on mean atherosclerotic lesion area of aorta 

@p<0.001 vs CMC+ND;

 $$p<0.01$$$p<0.001vs CMC+HCD;NS3Nonsignificant vs Atr+HCD
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     Pe: Phyllanthus emblica ; Pz:Plumbago zeylanica ; Atr : Atorvastatin ; CMC: Carboxyl methyl  cellulose  
      ND; Normal Diet ; HCD: High Cholesterol Diet  
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Fig. 74: Effect of combination of Phyllanthus emblica and  Plumbago 
zeylanica  on Percentage of mean luminal encroachment of aorta by 

atherosclerotic plaque  
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     Pe: Phyllanthus emblica ; Pz:Plumbago zeylanica ; Atr : Atorvastatin ; CMC: Carboxyl methyl  cellulose  
      ND; Normal Diet ; HCD: High Cholesterol Diet  
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Fig.75: Effect of combination of Phyllanthus emblica  and Plumbago     
         zeylanica on serum Total Cholesterol in rabbits on HCD for 45days 

NS1
Notsignificant,*p<0.05 all gps(F) v/s corr.grp(B); 

@p<0.01CMC+HCD(F) v/s CMC+ND(F); 
$$$p<0.001 SDG(F) vs CMC+HCD(F);
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  Atr : Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; CMC: Carboxyl methyl cellulose  
   ND : Normal Diet; HCD: High Cholesterol Diet; SDG : Study drug grp; (B) : Basal ; (F): Final  
 
 
Fig. 76: Effect of combination of Phyllanthus emblica  and Plumbago     

          zeylanica   on serum Triglycerides in rabbits on HCD for 45days 
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Not significant,*p<0.05  all gps (F) v/s corr.grp(B); 

@p<0.01 CMC+HCD(F) v/s CMC+ND (F); 
$$p<0.01 SDG(F)vs CMC+HCD(F) ;

NS3
Not significant  Pe+Pz(F)vs Atr+HCD(F) 
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   Atr : Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; CMC: Carboxyl methyl cellulose  
   ND : Normal Diet; HCD: High Cholesterol Diet; SDG : Study drug grp; (B) : Basal ; (F): Final  
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Fig. 77: Effect of combination of Phyllanthus emblica  and Plumbago   
         zeylanica  on serum LDL Cholesterol in rabbits on HCD for 45days 

NS1 Not significant,*p<0.05  all gps (F) v/s corr.grp(B); 
@p<0.01 CMC+HCD (F) v/s CMC+ND(F);

NS2Not significant SDG(F)vs CMC+HCD (F);
NS3Not significant Pe+Pz (F)vs Atr+HCD(F) 
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   Atr : Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; CMC: Carboxyl methyl cellulose  
   ND : Normal Diet; HCD: High Cholesterol Diet; SDG : Study drug grp; (B) : Basal ; (F): Final  
 
 
Fig.78: Effect of combination of Phyllanthus emblica  and Plumbago    
         zeylanica on serum VLDL Cholesterol in rabbits on HCD for 45days 

NS1 Not significant,*p<0.05 all gps (F) v/s corr.grp(B); 
@p<0.01 CMC+HCD (F) v/s CMC+ND(F); 

$$ p<0.01 SDG (F)vs CMC+HCD (F) ;NS3Not significant Pe+Pz(F) vs Atr+HCD(F) 
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   Atr : Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; CMC: Carboxyl methyl cellulose  
   ND : Normal Diet; HCD: High Cholesterol Diet; SDG : Study drug grp; (B) : Basal ; (F): Final 
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Fig. 79: Effect of combination of Phyllanthus emblica  and Plumbago   
         zeylanica  on serum HDL Cholesterol in rabbits on HCD for 45days 

NS1 Not significant,*p<0.05  all gps (F) v/s corr.grp(B); 
@p<0.01 CMC+HCD(F) v/s CMC+ND (F); 

$$p<0.01,NS2 Not significant SDG(F)vs CMC+HCD(F);
NS3 Not significant Pe+Pz (F)vs Atr+HCD(F) 
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  Atr : Atorvastatin; Pz: Plumbago zeylanica; Pe: Phyllanthus emblica ; CMC: Carboxyl methyl cellulose  
   ND : Normal Diet; HCD: High Cholesterol Diet; 46D: 46th Day; 0D: 0 Day 
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Fig. 80: Effect of combination of Phyllanthus emblica and Plumbago   
                  zeylanica on Maximum platelet aggregation  in rabbits on  

HCD for 45days  
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NS2Not significant,$$p<0.01 Vs CMC+HCD;
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     Pe: Phyllanthus emblica ; Pz : Plubago zeylanica ; [Pe+Pz] ( 280 + 46.66 mg/kg) :  
     Atr : Atorvastatin (2.8mg/kg);  CMC: Carboxyl methyl cellulose;  
     Aggrg. agent : Aggregating agent;  MPA : Maximum Platelet aggregation; ADP: Adenosine -5’- diphosphate  

Aggrg. Agent : ADP 10 µ M
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Fig. 81: Effect of combination of Phyllanthus emblica and Plumbago   
                  zeylanica on Maximum platelet aggregation  in rabbits on  

HCD for 45days  

NS1Not significant Vs CMC+ND;
NS2Not significant, Vs CMC+HCD;

NS3Not significant,Vs Atr+HCD
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NS3Not significant,Vs Atr+HCD
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      Pe: Phyllanthus emblica ; Pz : Plubago zeylanica ; [Pe+Pz] ( 280 + 46.66 mg/kg) :  
     Atr : Atorvastatin (2.8mg/kg);  CMC: Carboxyl methyl cellulose;  
     Aggrg. agent : Aggregating agent;  MPA : Maximum Platelet aggregation; COL:  Collagen  

Aggrg. Agent: COL 5 µg/ml
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             Fig. 82: Effect of Terminalia arjuna                 Fig. 83: Effect of Terminalia arjuna  
              on mean atherosclerotic                                   on % of mean luminal  

                lesion area of aorta                   encroachment by plaque  
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                 T. arjuna: Terminalia arjuna : Atorvastatin ; CMC: Carboxyl methyl  cellulose; HCD: High Cholesterol Diet  
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                       Fig.84: Effect of Terminalia arjuna  on serum Total Cholesterol in 
 rabbits on HCD for 45days 

*p<0.05 all gps(F) v/s corr.grp(B); 
$$p<0.01$$$p<0.001 SDG(F) vs CMC+HCD(F);

NS3Not significant T.arjuna(F)vs Atr+HCD(F) 
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    Fig. 85: Effect of Terminalia arjuna  on serum Triglycerides in  

rabbits on HCD for 45days 

  

*p<0.05  all gps (F) v/s corr.grp(B); 
$p<0.05,NS1Not significant SDG(F)vs CMC+HCD(F) ;

NS2Not significant T. arjuna(F)vs Atr+HCD(F) 
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     Fig. 86: Effect of Terminalia arjuna  on serum LDL Cholesterol in  

rabbits on HCD for 45days 

*p<0.05  all gps (F) v/s corr.grp(B); 
NS1Not significant SDG(F)vs CMC+HCD (F);

NS2Not significant T.arjuna (F)vs Atr+HCD(F) 
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                              Atr : Atorvastatin; T. arjuna : Terminalia arjuna ; CMC: Carboxyl methyl cellulose  
                              HCD: High Cholesterol Diet; SDG : Study drug grp; (B) : Basal ; (F): Final  
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Fig.87: Effect of Terminalia arjuna  on serum VLDL Cholesterol in  
rabbits on HCD for 45days 

*p<0.05 all gps (F) v/s corr.grp(B); 
$ p<0.05 SDG (F)vs CMC+HCD (F) ;NS2Not significantT. arjuna  vs Atr+HCD(F) 
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    Fig. 88: Effect of Terminalia arjuna  on serum HDL Cholesterol in  

rabbits on HCD for 45days 

*p<0.05  all gps (F) v/s corr.grp(B); 
$p<0.01,SDG(F)vs CMC+HCD(F);NS2 Not significant T.arjuna (F)vs Atr+HCD(F) 
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     Atr : Atorvastatin; T. arjuna : Terminalia arjuna ; CMC: Carboxyl methyl cellulose  
                              HCD: High Cholesterol Diet; SDG : Study drug grp; (B) : Basal ; (F): Final  
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Fig. 89: Effect of Terminalia arjuna  on Maximum platelet aggregation 
(using ADP)  in rabbits on HCD for 45days  
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Atr : Atorvastatin; T. arjuna : Terminalia arjuna ; CMC: Carboxyl methyl cellulose  HCD: High Cholesterol Diet;  
 MPA : Maximum Platelet aggregation; ADP: Adenosine -5’- diphosphate 

 
 
 
 

Fig. 90: Effect of Terminalia arjuna  on Maximum platelet aggregation 
(using Collagen)   in rabbits on HCD for 45days  
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NS2Not significant,Vs Atr+HCD
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Atr : Atorvastatin; T. arjuna : Terminalia arjuna ; CMC: Carboxyl methyl cellulose  HCD: High Cholesterol Diet;  
 MPA : Maximum Platelet aggregation; COL:  Collagen 
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