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ABSTRACT 
 

 

 

 

Objective: 

 
 

The primary goal of the current study is to investigate the potential of herbal extracts 

(aqueous extracts of Carica papaya leaves, Azadirachta indica leaves, and methanolic 

extract of whole aerial body of Andrographis paniculata) to alleviate symptoms and 

improve quality of life in the treatment and cure of Dengue Fever (DF) complications, 

Dengue Hemorrhagic Fever (DHF), and Dengue Shock Syndrome (DSS). 

 
Materials and Methods: 

 
 

At first, all the three plants (Carica papaya, Azadirachta indica and Andrographis 

paniculata) were selected, procured and collected, sent for their authentication and then 

subjected to extraction followed by their detailed physiological, quantitative and 

phytochemical analysis. 

 
Screening of plant extracts against carboplatin induced thrombocytopenia in mice 

 
 

Due to the fact that thrombocytopenia is the primary hallmark of DHF, the plant extracts 

were initially examined alone and in various combinations against carboplatin-induced 

thrombocytopenia. 72 healthy adult female swiss albino mice were used in the 

investigation. A single intraperitoneal injection of carboplatin at a dose of 125 mg/kg of 

body weight successfully produced thrombocytopenia in all experimental animals except 

the Normal Control (NC) group. Treatments began on the same day and were continued 

orally for 21 days. The extent of thrombocytopenia and the efficacy of treatments were 

determined throughout the experiment by measuring platelet count in conjunction with 

other blood counts and by measuring Bleeding Time (BT) and Clotting Time (CT) prior to 

induction of thrombocytopenia (Day 1) and thereafter 3, 7, 14, and 21 days. 



Screening of plant extracts against fixed volume bleed out Hemorrhagic Shock (HS) 

model in rats 
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From our initial in vivo model (carboplatin-induced thrombocytopenia), the most 

efficacious and safe polyherbal extract combination was chosen (equal proportions of all 

three extracts at 300 mg/kg) and subsequently tested for its function in preventing 

dengue's most lethal consequence, hemorrhagic shock (HS). For this model, 48 male and 

48 female wistar rats were randomly assigned to eight different control and treatment 

groups depending on their body weight. Treatments began on the same day and were 

continued for 14 days. Hemorrhage was produced at the end of 14 days by removing 40% 

(in all groups except NC and group 3) and 60% (in group 3, G3) of the circulating 

estimated blood volume (EBV). After inducing hemorrhage, all animals were left alone for 

60 minutes with careful monitoring to produce shock. They were resuscitated with lactated 

ringer solution after 60 minutes. Treatments were continued for an additional seven days 

following HS. ELISA was used to determine the levels of Interleukin-6 (IL-6), Nuclear 

factor kappa B (NF-ƘB), and vasopressin 24 hours after HS. Blood samples were taken 

before and three hours, 24 hours, 72 hours, and at the conclusion (7 days) to determine 

glucose, sodium and blood cell counts. Throughout the trial, the body weight and rectal 

temperature of all animals were monitored. Serum lactate and bicarbonate concentrations 

were also evaluated after three hours and at the conclusion of the experiment. 

 
Results and Discussion: 

 
 

Screening of plant extracts against carboplatin induced thrombocytopenia in mice 

 
 

On day 7, the amount of thrombocytopenia was the highest. From day 7 to the end, the DC 

group had a significantly lower platelet count (p<0.0001) than the other groups. All groups 

reacted to their individual treatments and demonstrated a progressive increase in platelet 

count, reaching a maximum on day 21, exceeding the level on day 1. BT and CT further 

corroborated our findings. Both of these indicators were nearly unaltered in the NC group 

but significantly increased (p<0.0001) in the Disease Control (DC) group, demonstrating 

an effect of platelet count reduction. All treatment groups exhibit considerably decreased 

bleeding time (p<0.0001) and clotting time (p<0.0001) when compared to the DC group. 



Screening of plant extracts against fixed volume bleed out Hemorrhagic Shock (HS) 

model in rats 
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At 24 hours, glucose levels were elevated and Hematocrit levels were low in comparison 

to the NC group, but were restored to normal in all treatment groups except the DC group 

at the conclusion of the experiment. Our findings were corroborated by serum electrolyte 

levels, as well as IL-6, NF-ƘB, and vasopressin levels, which were all increased in 

response to the HS condition 24 hours later. We observed significant differences in the 

levels of these parameters in the DC group compared to the other groups (P<0.0001, 

P<0.001, P<0.01, P<0.05). The fact that animals recovered at the conclusion of the trial 

indicates that they responded to our treatments, with the greatest effect being found in the 

group that got an equal combination of all three extracts at a dose of 300 mg/kg. 

 
Conclusion: 

 
 

The polyherbal extracts employed in this investigation have the potential to be utilized 

alone or in combination with currently available conventional medical therapy to 

alleviate symptoms, enhance quality of life, and promote survival in patients with 

Dengue Fever sequelae. 
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CHAPTER – 1 

 
Introduction 

 
 

Dengue, at present is amongst the most prevalent human virus transmitted by arthropods 

which causes colossal sufferings to the mankind. It is caused by any one of the four 

dengue virus (DENV) serotypes DENV-1, DENV-2, DENV-3 or DENV-4 belongs to the 

Flavivirus genus and Flaviviridae family. It causes gamut of illness which includes 

Dengue Fever (DF) characterized by fever, rashes, arthralgia, myalgia, chills and headache 

which may progresses into Dengue Hemorrhagic fever (DHF) defined by hemorrhagic 

signs and symptoms such as petechiae, thrombocytopenia, purpura, gum bleeding, 

bleeding from mucosa and other sites such as Gastrointestinal Tract (GIT), hematemesis, 

malena and hepatomegali. This can be a very fatal complication of dengue which is if not 

treated on time can cause death by progressing into Dengue Shock Syndrome (DSS) (1,2). 

 
Benjamin Rush, a physician in Philadelphia in the 1780s, was the first to document a 

clinical case of dengue fever. He has observed the symptoms of joint pain and 

mucoskeletal pain and so he gave the term break bone fever to the disease. The word 

“Dengue” came into light after 1828 (3). Since then there is a continuous increase in its 

global prevalence but cases have risen by 30 times in the last 50 years (4). According to 

the World Health Organization (WHO), there were 0.4 to 1.3 million cases of dengue 

reported in between 1996–2005, rising to 2.4 million in 2010 and reaching 3.2 million in 

2015, 3.34 million in 2016 and 4.2 million in 2019 (5). According to studies, there is an 

estimated 390 million (range: 284-528 million with 95% credible interval) cases of the 

dengue occur each year. This includes 96 million symptomatic cases and 5,00,000 cases of 

DHF and DSS which needed hospitalization resulting mortality rate of 2.5% (6, 7). The 

Asian region alone shares 70 % of global prevalence and India bears a share of 34% of 

world’s total disease burden (6). The persistence of the disease in all the tropics and sub 

tropics of the globe imposes a global threat as the factors that favor the expansion of the 
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disease such as unplanned globalization and urbanization, poor diagnostic and medical 

facilities, increasing human population, inadequate vector control program can be found 

on every continent (8). The disease also inflicts a noteworthy economic burden. The global 

cost to treat the disease was US$39.3 billion in 2011 and US$8.9 billion in 2013 (9, 10). 

Besides, it is a disease transmitted by mosquito vector and so it demands a huge 

expenditure to control the expansion of vector. In many countries cost of vector control 

program varies from 40 – 75% of total healthcare budget (11, 12). 

 
Structurally, it is small and single positive stranded RNA virus, made up of three structural 

and seven non structural proteins. Core protein (C), Precursor of membrane protein (PrM), 

and Envelope protein (E) form the structure of the virus and seven non structural proteins 

(NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5) along with structural proteins play a 

critical role at different stages of viral replication. The transmission of dengue virus 

involves the transfer of viral particles from the salivary glands of an infected mosquito on 

subsequent feeding. Once a person is bitten by the infected vector, it takes about 8 to 12 

days for the signs and symptoms to appear, a period which is known as incubation period. 

Briefly, the first step involved in the viral replication is the entry of viral particles, then 

binding of entered viral particles to the receptors present on the cellular surface of 

monocytes, macrophages and dendritic cells, followed by internalization of this virus 

receptor complex and fusion which releases the viral genome into the cytoplasm. This 

begins the viral replication and formation of mature, immature viral and sub viral particles 

which then released into the blood stream (13). 

 
As per WHO, Dengue is classified as dengue fever which begins with normal fever and 

milder symptoms and severe dengue which includes Dengue Hemorrhagic Fever (DHF) 

and Dengue Shock Syndrome (DSS) (2). The incubation period of dengue virus infection 

is 3 to 14 days post which a person experiences signs and symptoms. Thrombocytopenia 

normally appears in between 3rd to 8th day which is the classic feature of DF and 

differentiates the Dengue from other viral illnesses. It does not require hospitalization and 

can be managed at home by taking proper rest and paracetamol and avoiding the use of 

NSAIDs (4, 14). However while managing the disease at home one has to look out for the 

warning signs which are incessant vomiting, abdominal pain, hemorrhagic manifestations, 

asthenia or fluid accumulation. Apart from warning signs, prognosis of severe forms of 

dengue is heavily influenced by the laboratory diagnosis. Thrombocytopenia with a 
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platelet count lower than 150 × 109/L and concomitant increase in Hematocrit, 

hepatomegaly, elevated levels of AST and ALT usually calls for an emergency and need 

for the hospitalization (15). Enzyme Linked Immunoassay (ELISA) detects the presence 

of IgG and IgM antibodies formed against viral antigen, RTPCR (Reverse transcriptase 

polymerase chain reaction) measures the viral load by detecting viral genomic RNA, 

immuno cytochemical procedures and virus cell culture methods are also employed to 

identify the disease. Dengue fever can be confirmed with a positive tourniquet test (16). 

 
Progression of DF into DHF and DSS is the predominant cause of exacerbation of dengue 

and death. Diagnosis of severe forms of dengue is also very difficult as it normally arises 

when the person is recuperating from the illness and viral load becomes low. Progression 

of the disease into severe forms is a very complex process as more than one pathway are 

believed to get involved into it such as metabolic, biochemical, apoptotic, inflammatory, 

transcriptomic, anti DENV antibodies properties etc (17). 

 
Antibody dependent enhancement (ADE) is a hypothesis that explains why secondary 

heterologus infection leads to severe form of dengue. According to this theory the non 

neutralized cross reactive antibodies formed during the primary infection fail to neutralize 

the viral particle when the same person becomes infected with secondary heterologus viral 

infection and on the other hand they facilitate the entry of viral particle into host cell 

which in turn increases the viral load (18). ADE triggers the immune system of a person 

and causes the activation of T lymphocytes. Binding of T lymphocytes with Major 

Histocompatibility Complex (MHC) antigen converts CD8+ T lymphocytes into cytotoxic 

T lymphocytes. This will augment the release of inflammatory cytokines and biomarkers. 

High levels of such biomarkers such as IL-18, IL-13, IL-10, IL-8, IL-7, IL-2, IL-6, IL-4, 

IL-1β, MCP-1, TNF- α, IFN-α and IFN-γ has been seen in patients having DHF/DSS (19, 

20). People with a fluctuating lipid profile are at greater risk of developing severe dengue 

than those who do not. Plasma leakage is the main culprit of increased vascular 

permeability which is chiefly observed in DHF and DSS. The extent and severity of 

plasma leakage is directly proportional to the lipopolysaccharides. Overall change in the 

lipid profile of the person alters the immune response and severity of the disease (18). 

 
Viral non structural protein NS1 plays a critical role in the development of severe form of 

dengue. Viral antigen NS1 induces migration inhibitory factor (MIF) and ruptures the 
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endothelial integrity by instigating the necrosis of endothelial cells (21). Studies also 

suggest that there exist a sequential similarity between fibrinogen which is a human 

clotting factor and dengue viral protein E. This molecular mimicry results in autoimmunity 

and formation of cross reactive anti bodies against human cells as well (22). 

 
Till date, not a single approved anti dengue therapy is available in the market. In absence 

of specific anti dengue medication, the management and treatment options are very limited 

to prevention measures and supportive therapies (15). Though classic dengue fever can be 

managed at home with simple medicines, this can be a biggest obstacle in the treatment of 

DHF and DSS. As these complications can be life threatening and can cause the death, 

early diagnosis and treatment can save the lives. The WHO has given the guideline to 

initiate the management depending upon the severity. Fluid replacement therapy is the 

most widely used approach to treat the complications of dengue. However, careful 

monitoring of vital signs of a person is mandatory while the fluid replacement therapy is 

going on. In case of severe thrombocytopenia platelet rich blood transfusions can be given. 

Absence of fever for a day without medication and stable vital signs, return of appetite and 

reversal of thrombocytopenia are the signs of recovery (11, 23). 

 
Though fluid replacement therapy is the only available option to manage the severe 

dengue, volume overload is the major drawback associated with fluid replacement therapy. 

Volume overload can result in fatal outcomes such as heart failure, acute pulmonary 

edema, metabolic disturbances and electrolyte imbalances leading to neurologic 

impairment and encephalopathy. In some instances volume replacement therapy can cause 

secondary ischemia reperfusion injury prompting oxidating stress by producing Reactive 

Oxygen Species (ROS) worsens the condition of a patient suffering from DSS (23, 24). 

Another limitation in dengue treatment is insufficient and poor diagnostic techniques. 

Earlier the diagnosis better the results will be, but the complications of dengue, on the 

other hand, cannot be detected using any specialized diagnostic tests. Laboratory findings 

can detect the DF but not the DHF/DSS. The two most widely employed diagnostic 

methods are RT-PCR and ELISA. RT-PCR method is time consuming where as ELISA 

methods are costly and require accurate timings for antibody detection otherwise it may 

give false positive or false negative outcome (1, 17). 

 
With each passing day, dengue causes new epidemics and it will continue to do so until a 
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vaccine against dengue is developed. Dengue is prevalent from ancient times but still we 

do not have any approved vaccine against it where immunity to all four dengue virus 

serotypes is conferred by. The very first vaccine against dengue was developed in 2015 by 

sanofi Pasteur named Dengvaxia®, but it has safety concerns due to which it was 

approved only in 20 countries of the world and that too for the young persons from the 

ages of 9 to 45. The vaccine has not been approved by Ministry of Health and Family 

Welfare, Government of India yet. In fact, the manufacturer company has itself declared 

that vaccine recipients are more vulnerable for the development of severe secondary 

heterologus infection (25, 26). Apart from a vaccine, any specific derug therapy against 

the dengue will also be a milestone to combat the disease. Inspite of extensive research 

done till date to identify the potential anti dengue medicine both in the field of synthetic 

drugs and herbal product research, not a single remedy is available to cure the disease. 

Though many natural products have exhibited anti dengue potential during in vitro studies, 

in vivo data are often insufficient to arrive at any definite conclusion. A large amount of 

clinical trials are required before introducing any regimen into the market for general use 

(15). For the development of effective dengue countermeasures, the unavailability of an 

animal model that can support the replication of dengue virus as it replicates in people is a 

serious challenge. Such model will be capable to answer all sets of questions regarding the 

pathophysiology and mechaism of viral replication as well as allow us to check the 

efficacy and safety of various therapeutic interventions. Development of suitable animal 

model is also hampered as humans are the specific host for dengue virus replication and so 

it does not replicate naturally in non human species (27). 

 
Imbalance between the production and clearance of platelets and subsequent decline in 

platelet count will cause thrombocytopenia which is the most reliable biomarker of severe 

dengue. Multiple theories exist which describe the dengue associated thrombocytopenia. 

Infection with dengue virus directly suppresses the bone marrow and thus the production 

of platelets. Megakaryocytes are the progenitor cells for platelets. DENV affects different  

stages of megakaryopoiesis by hampering the signaling, differentiation and maturation of 

megakaryocytes. Viral structural protein E plays a key role in this process. Upon DENV 

infections, monoclonal antibodies produced against viral non structural protein NS1 cross 

reacts with human clotting factors as well and affects the clotting process. NS1 has an 

affinity for human platelets and it binds to it via Toll Like receptors - 4 (TLR4) and causes 

its activation. These activated platelets adhere to the endothelial cells and get cleared by 



Chapter 1 Introduction 

7 

 

 

phagocytosis. It is also evident that infection with dengue virus forms cross reactive 

antibodies against endothelial cells, platelets and clotting factors. So, overall impaired 

platelet synthesis, platelet dysfunction and increased peripheral clearance are responsible 

for dengue associated thrombocytopenia (28, 29). 

 
In case of dengue, if thrombocytopenia is not reversed on time then it becomes fatal and 

prolonged thrombocytopenia increases the chance of bleeding, plus cross reactive 

antibodies rose during the infection also damages the endothelial cells and their integrity 

which will lead to plasma leakage, another biomarker of DHF and DSS. If bleeding 

combines with plasma loss then it sets off the base for hypovolemia and subsequent tissue 

hypo perfusion and hypoxia which gradually diminishes the oxygen supply to various 

organs. A mismatch between the oxygen requirements of the body and the oxygen 

available to meet those demands will result in shock which is a deadly manifestation and 

calls for an emergency. If proper care and treatment is not given then it can damage the 

different organs and it will eventually lead to multiple organ failure, circulatory collapse 

and death. In order to survive the complications, human body activates the compensatory 

system by activating the baroreceptors and the chemoreceptors which stimulate the 

making and release of vasoconstrictors , catecholamines with the sole aim of restoration of 

BP, SV and CO, by cardiac stimulation, vasoconstriction and activation of Renin 

Angiotensin Aldosteron system (RAAS). This situation becomes extremely fatal as 

reduced oxygen supply will shift body from aerobic to anaerobic environment which 

results in many metabolic changes and electrolytic disturbances which will deteriorate the 

condition further (30). 

 
It is very clear that thrombocytopenia in dengue is the root cause for the progression of 

dengue in its severe form. If one can reverse the thrombocytopenia by increasing the 

platelet count then may be the fatal complications of the disease can be preserved. Animal 

models of immune thrombocytopenia (ITP) can be classified as passive animal models in 

which thrombocytopenia will be induced passively by injecting either anti platelet 

antiserum or anti platelet antibodies to different animal species. The major contribution of 

these models is that they were widely employed to elaborate the mechanism of the 

therapeutic effectiveness of intravenous immunoglobulin (IVIg) which is a drug of choice 

to treat human ITP. However thrombocytopenia seen in dengue patient is an example of 

secondary ITP. Secondary ITP is the ITP secondary to any underlying disease, infection or 
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drug exposure. It can be induced in experimental models either by drug exposure or by 

genetic modification. The (NZW x BXSB)F1 mouse model is created by cross breeding of 

NZW and BXSB strains. As the male mice gradually develop ITP which is secondary to 

systemic lupus erythematosis (SLE), there are high chances that they also develop co 

morbidities and they are not suitable as far as mechanistic findings and pathologies are 

concerned. Another eminently used animal model is drug induced thrombocytopenia. 

There are numerous drugs that tend to affect the different blood cell count either by having 

a suppressive action on bone marrow or direct interaction with blood cells. Examples of 

such drugs are chemotherapeutic agents, cinchona alkaloids, carbamazepine, and analgesic 

agents like naproxen to name a few (31, 32). 

 
If one fails to control thrombocytopenia then likelihood of severe dengue increases 

drastically. As hypovolemic/hemorrhagic shock (HS) is the key feature of DHF/DSS, 

controlling metabolic, Neuroendocrine, physiological and biochemical changes that take 

place in response to HS will provide a great relief. HS condition in experimental animals 

can be induced either in controlled or uncontrolled manner. As the name indicates, in 

controlled manner one can control the extent and severity of disease but in uncontrolled 

manner such control will be lost. Uncontrolled methods have high mortality rates as well. 

This is the reason most of the researchers try to induce HS condition in controlled manner. 

Controlled hemorrhagic shock methods can be further divided into fixed volume bleed out 

HS and fixed pressure bleed out HS models. Fixed volume bleed out HS model represents 

hypovolemic shock where as fixed pressure bleed out HS model represents hypotensive 

shock (33, 34). 

 
In absence of approved anti dengue medicine or vaccine, early diagnostic with supportive 

and preventive therapy remains the only choice to treat the disease. When we talk about 

supportive treatment or prophylaxis, use of natural products is the best possible approach 

as they are considered to be less harmful and easily available as well as cost effective. 

Plants have always been an extremely delightful source of many compounds used in 

pharmaceutical industry to fight against many diseases in the past and also in the present 

to fight against the most recent outbreaks of corona (35). Especially when we are living in 

the country like India, who truly and firmly believes in the concept of Ayurveda, plants 

have become an integral part of our daily lives. In India, people still start their day with 

Neem or Babul stem to brush their teeth and end their day with turmeric milk indicates 
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that how our life roams around the natural products (36, 37). India has given the world the 

most precious gift of “Charaka Samhita”, 8-part treatise on ancient Indian medicine. In 

India, there exists a governing body known as ministry of Ayush which supports and 

encourages the research and development in the field of herbal products. Especially in the 

field of pharmacy, “Ayurvedic pharmacopeia of India” gives a valuable insight into the 

usefulness of plants, animals and minerals (including metals) (38). Over the years even 

WHO has advocated that people should interact with the nature as it has the answers of 

many health related questions. As many countries are promoting and encouraging the use 

of herbal products to cure the diseases as well as incorporate them in day to day lives to 

accentuate the quality of life has resulted into a tremendous growth of natural product 

industry with an average market value of whooping 60 billion US$ per annum (39, 40). 

 
In the field of anti viral research and development, terpenoids, alkaloids, flavonoids, 

polyphenols, proteins, lignans, furyl compounds, sulphides, coumarins, thiophenes have 

been identified, isolated and evaluated for their anti viral potential against many diseases 

in vitro and in vivo (41). The three plants we have selected for this study Carica Papaya, 

Andrographis Paniculata and Azadirachta Indica have also been evaluated for their 

activity against dengue virus. Though these plants have exhibited the anti dengue activity 

with varying extent of effectiveness against different serotypes of dengue virus, their role 

in severe dengue or dengue complications is not very specific. Moreover these findings are 

very preliminary and require an extensive research to draw some concrete conclusions. 

Research and development against dengue virus therapy has been hampered by many 

factors and one such factor is unavailability of suitable animal model. AG129, the most 

appropriate model used till date to study the DENV infection, has a major disadvantage of 

short lasting viremia and low viral load. That is why it becomes difficult to mimic the 

thrombocytopenia associated with the dengue and other complications in AG129 model. 

So, we have chemically induced the thrombocytopenia in our experimental model to 

evaluate the safety and efficacy of our polyherbal extracts. Moreover it is more beneficial 

to screen the extracts against complications of the disease rather than screening them 

against individual serotypes of dengue virus. This is because it is possible that the extracts 

effective against one serotype of DENV may fail to produce beneficial results against 

other serotype of DENV, but complications remain the same in dengue irrespective of the 

serotype a person is infected with. 
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So after going through a thorough literature review, we have following objectives. 

 To select, identify, authenticate and extract the plant along with the qualitative as 

well as quantitative estimation of plant extract which have the potential to be used 

as remedy or as prophylaxis against DF complications. 

 We aim to explore the possibilities in the treatment of DF complications (DHF & 

DSS) using plant extracts by 

o In vivo evaluation of polyherbal plant extracts against carboplatin induced 

thrombocytopenia in mice. 

o Evaluating the protective role of herbal plant extracts alone as well as in 

combinations against fixed volume bleed out model of hemorrhagic shock 

in rats (in vivo) 

 Use of plant extracts alone as well as in their different combinations to see any sort 

of additive or synergistic effect and ultimately finding out the most effective and 

safe combination to treat the complications of DF. 

 To come out with the most effective as well as safe and cost effective solution of 

DF complications in terms of herbal extract that can prevent morbidity and 

mortality resulting from DHF and DSS and thereby improving the quality of life of 

people and producing symptomatic relief in mankind. 
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2.1 Dengue 

 
 

2.1.1 Introduction 

 
 

The Dengue virus (DENV) belongs to the Flavivirus genus and the Flaviviridae family 

and is the most quickly spreading arthropod-borne viral illness of humans. Serotypes of 

DENV include DENV-1, DENV-2, DENV-3, and DENV-4. There are two main mosquito 

species responsible for transmitting dengue fever: Aedes aegypti and Aedes albopictus. (1). 

 
2.1.2 History 

 
 

In a Chinese medical encyclopedia, it was known as water poison related to the flying 

insects from Jin Dynasty in 992 AD. The Swahili term Ka-dinga pepo, which means 

"cramp-like seizures," was the inspiration for the word "Dengue." Dengue fever was 

originally documented in Asia, North America and Africa, in the 1780s. Benjamin Rush 

was the first person to file the first clinical case of dengue in Philadelphia and he gave the 

term “break bone fever” to the dengue associated with the symptoms like joint pain. The 

actual term dengue fever was come in use after 1828 (3). There were four serotypes of 

dengue virus identified after dengue virus was originally isolated in 1943. (42). 

 
2.1.3 Epidemiology 

 
 

Tentacles of dengue are everywhere. Over half of the world's population currently lives in 

high-risk areas, making it the fastest-spreading human viral illness in history. A dramatic 

and substantial increase has been observed in number of cases reported to WHO each year. 
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According to the World Health Organization (WHO), there were 0.4 to 1.3 million cases 

of dengue reported in between 1996–2005, rising to 2.4 million in 2010 and reaching 3.2 

million in 2015, 3.34 million in 2016 and 4.2 million in 2019 (5). However the actual 

estimate of the cases occurring each year is almost 300 times higher than what is reported. 

As a result, there are an estimated 390 million cases of dengue each year out of which 

most of the cases are asymptomatic and approximately 96 million cases are symptomatic 

in which 5,00,000 cases progress further into DHF and DSS. At a 2.5 percent fatality rate, 

DHF and DSS are potentially deadly and life-threatening condition which needs 

hospitalization (6, 7). 

 
Before 1970, the disease was endemic only in nine countries of the world but now the 

scenario has been changed considerably (1). More than 100 tropical and subtropical 

countries around the world are impacted by the disease, although South East Asia (SEA) is 

the most affected region. Asian region bears 70 % of global burden and India alone bears 

34 % of the disease burden followed by Africa (16 %) and America (14 %) (6, 43). The 

disease has a global burden of 25.5 disability-adjusted life years per one million people. 

Both the incidence and disability adjusted life years have grown, so has the overall rate of 

mortality. In 1990, where the average death reported was 16,957 (7613 – 30,091) it went 

to 40,467 (17,620 – 49,778) in 2017. The dearth rate per 1,00,000 population was also 

increased from 0.31 (0.14 – 0.56) in 1990 to 0.53 (0.23-0.65) in 2017 (44). The Pan 

American Health Organization (PAHO) has reported 55,800 cases of dengue in America 

out of which 210 cases were of severe dengue resulted in 13 deaths till March 2021. On 

the whole 1-5 % of mortality has been seen in dengue when the treatment is not given but 

if the treatment is given on time the rate has been reduced to less than 1%. However 

mortality rate associated with DHF and DSS is way higher and is about 26 % (45). So 

overall we can say that in past 2 decades there is a surge in incidence, mortality and 

disability adjusted life years because of the dengue worldwide which predict the potential 

future spread of the disease globally. This is because factors responsible for its incidence 

and transmission such as huge population, increased international travel, poor diagnostic 

and medical facilities, unplanned urbanization and globalization, inadequate vector control 

program, unavailability of specific anti viral drug therapy and vaccine till date, inadequate 

and insufficient prevention measures and supportive therapy are present in almost each 

and every continent of the world (8). 
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At present, existence of dengue is everywhere in all states of India. History tells us the 

presence of dengue in India was first identified in the serum sample of US soldier in 1944, 

after in 1963-64, dengue fever was recorded on the eastern coast of India. After that our 

country has seen various outbreaks of the disease but DHF was absent till 1988 after 

which the severe cases of the disease were started being reported. As per one of the 

studies, India has the highest number of cases with 100 million new infections occurring 

each year and 33 million symptomatic cases with blatant underreporting (6). Only one out 

of every 282 cases of the disease has been detected in India thus far, thanks to the 

surveillance system (46). Underreporting of cases, down and out disease surveillance and 

unpredictable comparative analysis accounts for huge difference between what WHO 

reports and what other studies predicts and projects (47). Reports also suggest that 

children in the age of 10 – 14 are more vulnerable for dengue viral infection not just in 

terms of symptomatic cases of infection but also in terms of need for hospitalization (48). 

 
2.1.4 Economic burden of dengue 

 
 

Costs are broken down into two categories: direct and indirect. Disease diagnosis, 

prevention, and treatment costs are the direct costs, which are passed via the health care 

system. Mortality and morbidity connected with the condition have an indirect cost on 

society and family members and friends (49). A study was conducted on the twelve 

countries of the South East Asia region over a decade from 2001 – 2010 which included 

Myanmar, Bhutan, East- Timor, Brunei, Philippines, Cambodia, Laos, Indonesia, 

Thailand, Singapore, Viet Nam and Malaysia, the average annual cost to treat the disease 

was 950 million US$ (range: 610M –1,384M US$) and the average cost to treat the severe 

forms of dengue which require hospitalization was 606.34 US$ (range : 4.50– 

1,208.18US$) (50). In Thailand the cost to treat one case of the dengue was 37 - 57 % of 

monthly income of a family in 1994 (51). 

 
As the transmission of the disease is vector mediated, vector control programs also require 

a huge amount of expenditure in the healthcare system. For example, in 1997, Brazil’s cost 

of vector control program was US$0.6 billion and in Panama it was US$5.0 million to 

protect the population of 3.2 million. Cambodia (population: 2.9 million in two urban 

areas) spent US$ 568,000 in 2005 for mass larviciding of Aedes aegypti (52). So in many 

countries the cost of vector control program accounts for 40 – 75% of total estimated cost 
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(11, 12, 53). Global dengue treatment costs were estimated at US$39.3 billion (US$414 

per symptomatic case) in 2011 and US$8.9 billion (US $152 per symptomatic case) in 

2013, according to two separate studies (9, 10). In South East Asia region the cost to treat 

dengue viral infection is higher than to treat other viral diseases such as upper respiratory 

infections, hepatitis B and Japanese encephalitis (44). 

 
In India the cost was $1.1 billion to treat the dengue viral infection, of which 49% was the 

direct medical costs and 51% was the indirect costs. 82% of the total cost was due to the 

severe forms of dengue which accounts for the hospitalization. US$235.20 and US$25.46, 

respectively, were found in the same study to be the average medical costs per 

hospitalization and without hospitalization. Eighty percent of the medical expenses were 

paid for private insurance (46). India's average cost per infection was determined to be 

$81.08 in another survey, which was 9 percent higher than the SEA region's average cost 

of $74. Each region has its own unique price: Sub-Saharan Africa (US$56), Central and 

Eastern Europe US$92, North Africa (US $102), South East Asia (US$207), Latin 

America (US$307) and most high-income countries US $1,146). (10). The disease burden 

and economic burden is different from one country to other, depending on the budget 

assigned to the health-care system but still the burden is huge and expanding. The more 

the uncertainty in the analysis, the more significant are the obstacles in policy making, and 

in allocating the resources. 

 
2.1.5 Structure of Dengue Virus 

 
 

It is a very tiny, spherical; positive stranded RNA virus with 500 Å diameter. The viral 

genome contains    ̴ 10,700   nucleotides.   Apart from this it is made up of three structural 

and seven non structural proteins which are the targets of antiviral drug therapy. The 

structural proteins are core protein C, made up of 120 amino acids, precursor of membrane 

protein (PrM) which is made up of 75 amino acids and envelope protein E made up of 495 

amino acids, together form the viral particle. The seven non structural (NS) proteins of 

virus particle are NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 are essential part of 

viral replication process (54, 55). 
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FIGURE 2.1.: Schematic presentation of the structure of the Dengue virus (56) 

 

 

The nucleocapsid core is formed by the C protein encasing the viral genome, and the 

structural proteins PrM and E are located within the lipid bilayer that surrounds the 

nucleocapsid. Membrane protein M has its ancestry in structural protein PrM. E protein 

contains three distinct domains (DI, DII, DIII) which plays an important role in various 

stages of infection (13). 

 
2.1.6 Transmission of dengue virus 

 
 

Dengue virus targets humans through mosquito vectors Aedes aegypti and Aedes 

Albopictus. At first when these vectors bite the infected humans, virus enters the mosquito 

and travels inside to reach the mid gut of mosquito and gradually spreads inside. This 

takes 8 to 12 days, known as extrinsic incubation period. When such mosquitoes bite the 

healthy humans, then the transfer of viral particles will take place through the salivary 

glands of the mosquito into the host (57). 

 
Once the virus invades, the first step is the binding of viral particles on the receptor 

present on the cellular surface. As far as dengue virus infection is concerned, Langerhans 

cells, dendritic cells (DC), macrophages and monocytes are the primary targets (58, 59). 

Structural protein E on virus particles binds to receptors on these cells' surfaces. Then this 

virus receptor complex gets internalized by endocytosis where the nucleocapsid core (NC) 

is released into the cytoplasm when the virus receptor complex fuses with the cellular 

membrane at an acidic pH. The RNA genome separates from the capcid protein as soon as 

the NC releases into the cytoplasm and then the replication of viral genome will begin 

(60). At first the immature particles are produced in Endoplasmic Reticulum (ER). Apart 

from cellular receptor binding site, structural protein E also contains a fusion peptide 
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which is covered by PrM protein. This capping prevents the premature fusion. This is the 

reason, in immature viral particles fusion will not take place. So they are transported to 

Golgi bodies via trans Golgi network (TGN).The acidic pH inside the Golgi bodies favors 

the detachment of PrM from E by endoprotease furin which exposes the fusion peptide. 

This produces the mature viral particles which are infectious in nature. So conversion of 

PrM to M is an essential part of the process without which the viral replication will not be 

completed (61). Apart from this sub viral particles are also formed in the ER which lacks 

the gnomic RNA that renders them non infectious. Thus formed mature viral particles and 

sub viral particles get liberated into the bloodstream by exocytosis (62). 

 
 

 

FIGURE 2.2: Schematic presentation of the replication of dengue virus in humans (56). 
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2.1.7 Classification 

 
 

The World Health Organization (WHO) has classified the disease into two (2). 

1. Dengue fever 

2. Severe Dengue/ complications of DF 

a) Dengue Hemorrhagic Fever (DHF) 

b) Dengue Shock Syndrome (DSS) 

 
 

TABLE 2.1: Different grades or stages of dengue fever and associated signs and symptoms as well as 

laboratory findings (14) 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

DF = Dengue Fever, DHF = Dengue Hemorrhagic Fever, DSS = Dengue Shock Syndrome, BP= 

Blood Pressure, Hct = Hematocrit. 

 
2.1.8 Signs and symptoms 

 
 

Once the dengue virus infects the person, the signs and symptoms will begin to appear 

within 3 to 14 days. This period is known as incubation period. Febrile phase, critical 

phase and recovery phase are the three phases that describe the entire course of dengue. 

Febrile phase starts as soon as the incubation period ends and it is characterized by fever 

(upto 40 °C) with or without hemorrhagic episodes, joint pain and retro orbital pain, chills,  

nausea and headache. Thrombocytopenia may occur on 3rd to 8th day. These symptoms 
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normally last about 2- 7 days and can be managed at home. But if it is not treated properly 

on time then gradually the infection spreads in different parts of the body and damages the 

lymph nodes and blood vessels. In such case there comes a critical phase characterized by 

hemorrhagic manifestations such as severe thrombocytopenia, bleeding from different 

sites (mucosal bleeding, gum bleeding, or bleeding in GIT), hematemesis, patechial 

formation, epistaxis and hepatomegaly. Depending on the severity of signs the patient may 

or may not require hospitalization. Affected individuals may experience abdominal pain 

along with breathing difficulty and restlessness, rapid and weak pulse, irritability, and cold 

extremities which is known as DSS and can result in death. However if proper 

management is given then a recovery phase will come next which is indicated by normal 

and stable vital signs of the body such as blood pressure, pulse and temperature, no 

evidence of hemorrhagic manifestations and return of appetite without vomiting, no signs 

of bleeding and stable Hematocrit and platelet count (2, 11, 14, 24, 63) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

FIGURE 2.3: Dengue and severe Dengue: warning signs and laboratory findings (4). 

. 
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2.1.9 Diagnosis 

 
 

Following methods are available to diagnose the disease (11, 16, 64-65). 

 Clinical manifestations 

 ELISA – used to detect the presence of antibodies and preferred after febrile phase. 

o Detection of IgM antibodies: Their level peak after 14 days of the infection 

and detected up to 3 months. It is used to detect a recent infection. 

o Detection of IgG antibodies: Once a person becomes infected with dengue, 

then dengue specific IgG antibodies will persist for the lifetime and high 

levels of IgG antibodies normally detects a secondary infection and lower 

IgG levels detect convalescence from the disease. 

 Reverse transcriptase polymerase chain reaction (RTPCR): Viral diseases can be 

detected using this highly specific and sensitive test. It detects the viral genomic 

RNA. 

 Virus cell culture Method: This technique yields the best results when serum 

samples are collected within the first five days from the onset of the infection. This 

method is very specific in a way that it detects the specific serotype of the virus as 

well by immunofluorescence technique combined with monoclonal antibody. 

 Immuno cytochemical methods: This method also detects the viral antigen by 

using enzyme conjugates along with antibodies. 

 Detection of specific NS1 antigen and antibody: NS1 is the non structural protein 

and characteristic feature of all flaviviruses. It can be detected if the test is 

performed within the 10 days of infection. 

 Supportive laboratory findings: Blood samples are normally tested for liver 

enzymes, Blood Urea Nitrogen (BUN) and creatinine levels and also for Complete 

Blood Count (CBC). 

 Tourniquet test: Patients BP is measured and noted down. The mean of systolic 

and diastolic blood pressure is calculated. The cuff will be then inflated at the 

mean value for 2 minutes and number of petechiae will be counted afterwards. 10 

or more petechiae formation per square inch indicates a positive Tourniquet test. 
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FIGURE 2.4: Schematic diagram of the algorithm for the laboratory diagnosis of dengue. Day 0 is the day 

when a person experiences the signs or symptoms of dengue (15). 

 

2.1.10 Pathophysiology and biomarkers of severe dengue (DHF/DSS) 

 
 

DHF begins with the normal fever along with the other symptoms of dengue and when the 

viral load declines and the fever subside or the patient starts to recuperate from the illness,  

it arises. Then the condition of the patient starts to deteriorate suddenly (22). Symptoms 

include severe and consistent thrombocytopenia where the platelet count falls below 

1,00,000 / mm3, leading to various episodes of bleeding and rashes, plasma leakage often 

associated with hemoconcentration (increase HCT ≥ 20 %). In patients suffering from 

DHF, the disease may progresses further to DSS characterized by persistent abdominal 

pain and difficulty in breathing, narrow pulse pressure (less than 20mmHg), increased 

vascular permeability and hypovolemia, decline in BP, SV and CO, asthenia and a shift 

from hyperthermia to hypothermia, all leading to shock, multiple organ failure and 

circulatory collapse (66). This is a life threatening emergency requires an urgent need of 

hospitalization and medical care because any delay can shoot up the mortality rate by 44% 

(67). 
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Antibody Dependent Enhancement (ADE) is the hypothesis that explains the phenomena 

of severe dengue. This theory was first explained in 1964 where the severity of DENV 

was directly linked to the secondary heterologus infection (18). When the person first 

becomes infected with the virus, our body will start producing antibodies against the viral 

antigen; these antibodies can either neutralize or enhance the infection. In order to 

neutralize the viral infection these antibodies bind to the epitopes present on the viral 

particle surfaces post which they either prevent the binding of viral particle to the 

receptors present on the cellular surface or the entry or the fusion and thus prevents the 

infection. Now when the same person gets infected with the secondary heterologus 

infection the antibodies formed during the primary infection have the affinity for the viral 

particle, so they bind with it but fail to neutralize. This non neutralized and cross reactive 

viral antibodies complex facilitates the entry rather than inhibiting the entry of virus to the 

Fc receptor bearing cells and results in increased viral load. The same mechanism explains 

the severity of infection in children who have passively acquired the antibodies from the 

mother during pregnancy and then infected with another serotype (18, 68-69). 

 
 

 
 

FIGURE 2.5: Illustration of the mechanism of Antibody Dependent Enhancement (ADE) theory (28). 
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In response to ADE other aspects of immune system will also get activated which includes 

the activation of T lymphocytes and subsequent cytokine storm. T lymphocytes use CD4 

and CD8 (co receptors) cells to bind with their specific Major Histocompatibility Complex 

(MHC) antigen which converts CD8+ T lymphocytes into cytotoxic T lymphocytes and 

CD4+ T lymphocytes into T helper lymphocytes respectively. The cytotoxic T cells kill 

the pathogenically infected cells whereas the function of T helper lymphocytes is the 

production of cytokines and chemokines, which in turn stimulates the Fc receptors and 

expression of MHC present on cellular surface and the synthesis of TNF- α and 

interleukins will be triggered. It is DHF's hallmark to have high levels of these biomarkers 

and increased levels of these biomarkers damage the endothelial cells. Damaged 

endothelial cells will undergo necrosis and contribute to the plasma leakage. High levels 

of inflammatory cytokines such as Interleukins (IL-18, IL-13, IL-10, IL-8, IL-7, IL-2, IL- 

6, IL-4, IL-1) MCP-1, and TNF- α, IFN-α and IFN-γ was found in serum samples of the 

patients having DHF/DSS (19, 20, 70-72). 

 

 

 
FIGURE 2.6: Pathophysiology of severe dengue (16). 
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Plasma leakage and increased vascular permeability are considered as the driving force to 

convert DF into DHF and subsequent DSS. During an acute phase, initial infection which 

results in binding of virus particles to the Fc receptor bearing cells will generate a cascade 

of events to initiate the viral replication. These Infected cells are believed to liberate the 

chemokines and cytokines such as TNF- α, MCP-1and interleukins which trigger an 

immune response. This is an early phase in which the levels of angiopoietin (ang)-1 and 

ang-2, (Vascular Endothelial Growth Factors) VEGF and VEGFR2 (Receptors of VEGF) 

remains normal and expression of VCAM and ICAM has been seen on the surface of the 

endothelial cells. However there is no any sign of plasma leakage seen during this phase. 

As the infection progresses, antigen/antibody complexes communicate with the 

endothelial cells. This in turn increases the production and release of permeability- 

enhancing mediators (IFN- γ, MIP-1β and TNF-α etc). This is memory T cell mediated 

function stimulated by conserved peptides. Unbound VEGF is mainly responsible for 

enhanced permeability and as the infection spreads, the level of VEGF increases and the 

expression of the receptors to which it binds (VEGFR2) decreases. Ang- 1 Opposes this 

effect of VEGF, but their level decreases. Apart from this divergent expression of VCAM 

and ICAM between the activated and latent endothelial cells influence the process of 

leukocyte adhesion and transmigration facilitating the process of plasma leakage (73). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.7: Pathophysiology of severe dengue: role of plasma leakage and endothelial integrity in the 

progression of DF to its severe forms. (a) Acute phase (pre-leakage phase). (b) Plasma leakage phase (73).
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NS1 induces migration inhibitory factor (MIF) and thus triggers the necrosis of endothelial 

cells. MIF also causes endothelial glycocalyx degradation mediated through the release of 

matrix metalloproteinase-9 (MMP-9) and heparanase-1 (HPA-1) and increases the 

permeability by affecting the endothelial integrity (21). So, the final outcome is ruptured 

endothelial integrity and plasma leakage. 

 
A change in lipid profile has been demonstrated in patients suffering from DHF. The 

levels of Very Low Density Lipoproteins (VLDL), High Density lipoproteins (HDL) and 

triglycerides (TG) were found to be increased and the levels of Low Density Lipoproteins 

(LDL) and total cholesterol (TC) were found to be decreased in patients with DHF (74). 

Apart from this, studies suggest that the intensity of plasma leakage, predominant feature 

of DHF is directly proportional to the level of lipopolysaccharides (LPS) and low levels of 

LDL-C is correlated with the risk of developing DHF (75 - 76). One in vitro study carried 

out using Huh-7 cell lines demonstrated the role of dengue virus infection on lipid profile. 

It was evident from the study that infection with dengue virus augments the expression of 

LDL receptor and decreases the phosphorylation of HMGCR (3-hydroxy-3-methyl- 

glutaryl-CoA-reductase) and promotes the entry and signaling of viral particles (77). So 

change in the lipid profile of a person also modulates immune response and severity of 

dengue. 

 
Molecular mimicry is the term used to describe the sequence similarity in the structure of a 

foreign particle and self peptides which is capable to provoke the autoimmunity. 

Molecular mimicry is established between the clotting factor plasminogen and dengue 

virus structural protein E via computer aided sequence homology. Plus, during the course 

of DENV infection cross reactive antibodies formed against plasminogen antigen has been 

seen in the serum samples of patient, responsible for hemorrhagic manifestations (78, 79). 

 
2.1.11 Management and Treatment 

 
 

Till date, not a single medicine or vaccine against dengue is available to treat the dengue 

or its complications. However, depending upon the severity of disease medical care can be 

given as follows: (2, 4, 11, 16, 23, 64). 
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(A) Dengue Fever (DF): 

 
 

It can be asymptomatic or symptomatic with or without hemorrhagic manifestations. It can 

be treated at home by taking paracetamol, ample rest and sponging. One should take the 

precautions like not taking any Non Steroidal anti inflammatory drugs (NSAIDs) and 

avoid taking aspirin as it may interfere with the platelet function. Apply a good mosquito 

repellent cream to prevent further transmission and monitor the vital signs of the body. In 

any case if bleeding or warning signs of dengue occurs, contact the physician immediately. 

 
(B) DHF (Grade I and II) 

 
 

If the patient is in febrile phase then management remains the same as mentioned above 

even if he/she is hospitalized. But in case of critical phase, volume replacement therapy 

can be given with careful monitoring of the vital signs, CBCs and urine output as early as 

possible because it can reduce the mortality from 40 % to 1%. While monitoring when 

hemoconcentration reverses or when the HCT drops around 40 % then one should stop the 

fluid replacement therapy to avoid the volume overload which has other complications. 

 
(C) DSS (DHF of Grade III and IV) 

 
 

Fluid replacement therapy is the one and only best possible approach given to the DSS 

patients with careful patient monitoring. Depending upon the complications rose along 

with the shock, management should be given. If thrombocytopenia is not improving then 

platelet rich blood transfusion can be given, if the volume overload as a part of the 

treatment has resulted in pulmonary edema then proper ventilation must be given and if 

cardiac complications prevail then ionotropic drugs should be used. 

 
Recovery can be seen if the patient shows no vomiting, return of appetite, stability in the 

vital signs such as BP, CO, pulse and stable blood cell counts, normal temperature, 

absence of fever without using any medication for 24 hours and then the patient can be 

discharged. 



Chapter 2 Review of Literature 

27 

 

 

2.1.12 Limitations and challenges to current therapies of dengue and severe dengue 

 
 

Complications of fluid replacement therapy: fluid replacement therapy is the best 

possible management to save the life of people from dengue complications and 

recommended in many guidelines. The major drawback of this treatment is volume 

overload (24). Plasma leakage is one of the contributing factors to the severity of dengue 

and when it combines with volume overload it can give fatal outcome by causing heart 

failure or acute pulmonary edema. Apart from this it also causes metabolic disturbances 

and electrolyte imbalances which if not treated then can cause neurologic disturbances and 

encephalopathy. As mentioned in WHO guidelines isotonic crystalloids can be given but 

one of the major disadvantages of isotonic crystalloid is that it can induce hyperchloraemic 

acidosis which if combined with lactic acidosis can worsen the condition of shock. Shock 

is also characterized by weak pulse pressure and if it drops below 10 mmHg than 

crystalloids can be given but patient’s medical history and allergies should be kept in 

mind. If the shock is hypovolemic then dextran can provoke the renal injury as well (2, 4, 

23). 

 
Insufficient and poor diagnostic techniques: As we know that the severe form of 

dengue starts to arise while the patient is recovering and so it is very difficult to predict 

(17). In any disease, earlier diagnosis leads to better treatment and favorable outcome. 

RTPCR is the most widely used diagnostic technique but it requires immense study of 

various protocols and very specific laboratory conditions in terms of instruments and 

environment plus the technique requires isolation of virus which is very time consuming 

process. The drawback of viral cell culture technique is that it requires vector cell lines for 

the virus cell culture to grow which is not easily available with many clinical laboratories. 

Limitation of ELISA method is that it requires an accurate timing for antibody detection 

otherwise the results obtained can be false positive or false negative (80). ELISA kits are 

costly as well. All the diagnostic techniques require highly skilled professionals as well 

(81). 

 
Lack of good suitable animal model: There is no doubt that dengue is prevalent from 

ancient times and an extensive research has been done in this area to find a specific anti 

viral drug therapy against dengue but still we do not have any specific treatment till date 

available in the market. One of the major hurdles in the path of developing a safe and 
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effective remedy against the disease is lacking an animal model which accurately 

represents the pathogenesis of dengue in humans. Many studies have been done using 

available cell lines for in vitro evaluation and animal models for in vivo screening to 

understand the various aspects of dengue virus replication, immune response by the host 

and to check the efficacy and safety of therapeutic interventions. Drug efficacy and safety, 

as well as the mechanism of dengue virus pathogenesis, cannot be predicted by any of the 

models that have been developed till date alone. It is difficult to create an animal model 

for the disease because the dengue virus only infects humans, which means it cannot 

replicate or infect non-human species naturally. Though Non Human primates (NHPs) can 

support viral replication to certain extent and exhibit immune response against it but they 

fail to develop overt disease. So in spite of variety of models available, most of them are 

not suitable to study the pathogenesis alone and generally a combination of two or more 

animal models are used. (27). 

 
Unavailability of vaccine and approved anti dengue medicines: An effective vaccine 

against any disease can be a great milestone to combat the disease. Based on the ADE 

hypothesis, it is extremely difficult to develop a single vaccine that can provide equal 

effective immunity against all serotypes of dengue, as immunity against any one serotype 

can result in severe secondary heterologus infection (27). In 2015 the very first vaccine 

against dengue was developed by sanofi Pasteur named Dengvaxia® which is a live 

attenuated, recombinant and tetravalent vaccine. However the vaccine is registered only in 

20 countries of the world and only for the people of ages 9 – 45. The vaccine is not 

approved by the Ministry of Health and Family Welfare, Government of India owing to its 

safety concerns. In 2018 the vaccine manufacturer sanofi Pasteur has announced the high 

incidence of developing severe form of dengue in seronegative individuals (25, 26). 

 
Extensive research has been done in the area to develop a suitable anti viral drug therapy 

against dengue. Some studies have shown favorable outcomes during in vitro studies but 

at the same time, failed to produce satisfactory results in vivo. while some are not even 

tested in vivo yet. Even if a drug gives extraordinary results in vivo then also extensive 

clinical trials are required before introducing the drug into the market for commercial use 

(15). Till we get the specific anti dengue drug that can be effective against all or at least 2 

or 3 serotypes of DENV, the known drugs are also being evaluated against dengue and 

such drugs are ivermectin, ketotifen and ribavirin (82-85). In absence of approved and 
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authenticated anti dengue drug regimen, world is turning towards exploring plant and plant 

based natural products for prophylaxis and prevention as well as treatment of the disease 

(86). 

 
Vector control: It can be the most effective strategy to control the dengue virus 

transmission. That is why WHO has asked the countries to employ vector control program 

as an integrated part of healthcare system (2). Many nations have included such programs 

in their disease control and prevention strategies; however their implementation is often 

unsuccessful (87). In some of the Asia Pacific region such approach seems impractical as 

well because large and crowded population promotes the intimate association between the 

vector and humans and creates the favorable conditions for disease expansion (88). The 

two main culprits of increased outbreaks of dengue are unplanned urbanization and 

globalization, which creates an environment in which mosquito vectors can remain in 

close proximity with humans and thus facilitate the spread of the disease (89). One can 

employ biological, chemical or environmental approach for vector control. Biological 

methods include the use of copepods and larvivorous fishes, chemical methods involve the 

use of insecticides or larvacides and environmental approach targets the mosquito 

breeding sites (16). A new method includes the release of male mosquitoes that are 

genetically modified and sterilize the female mosquitoes and thus stops their breeding 

(90). 

 
2.1.13 Thrombocytopenia in Dengue and hemorrhagic shock (HS) 

 
 

Thrombocytopenia is a clinical condition arises when the platelet count falls below its 

normal range (<150 – 450 × 109/L) as a result of imbalance between platelet production 

and consumption (91). According to WHO guidelines it is the most predictable marker of 

dengue infection severity. Classic DF can be with or without thrombocytopenia but it is 

always present in DHF and DSS (92). There exist a direct relationship between the extent 

of thrombocytopenia and the severity of disease. Thrombocytopenia observed in dengue is 

multifactorial as platelets are targeted at more than one level during the course of 

infection. It can be the result of bone marrow suppression or sometimes rapid destruction 

of platelets and megakaryocytes lysis (93). Bone marrow suppression in dengue virus 

infection results in decreased production of platelets (94). Megakaryocytes are the 

progenitor cells of platelets. DENV infection causes hypocellularity in bone marrow 
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which inhibits the maturation of megakaryocytes (95, 96). Some studies also suggest that 

binding of DENV is enough to inhibit the process of megakaryopoiesis. The involvement 

of DENNV structural protein E domain III (DENV EIII) during the binding step will 

hinder the signaling and differentiation of megakaryocytes. DENV EIII can directly bind 

with the megakaryocytes and modify the autophagy immune response in host and also 

promote the apoptosis (97). 

 
Thrombopoietin (TPO) is a cytokine which acts through its receptor myeloproliferative 

leukemia virus oncogene (c-MPL) and regulates the platelet production (97, 98). There 

exists an inverse relationship that links the high circulatory levels of TPO with a fall in 

platelet count. This is because in response to decrease in platelet count, TPO stimulates the 

platelet production and significantly high level of TPO has been seen in DENV infected 

persons (99). Some studies have demonstrated that platelet apoptosis mediated through the 

activation of Caspase 3 and Caspase 9, mitochondrial depolarization and elevated 

phosphatidylserine level accounts for the high TPO levels, observed in dengue patients 

(100, 101). 

 
DENV non structural protein (NS1) has an important role in thrombocytopenia as well as 

platelet dysfunction associated with infection (102). Upon DENV infection body produces 

antibodies against viral antigen NS1. A study carried out by falconer demonstrated that 

anti NS1 monoclonal antibodies not only induces hemorrhage in mice but also cross reacts 

with human clotting factors such as fibrinogen, endothelial cells and adhesion proteins 

which hampers the clotting process (103). NS1 activates the platelets and promotes its 

apoptosis. In order to activate the platelets DENV NS1 binds to the Toll Like receptor 4 

(TLR4) present on platelets. Thus activated platelets aggregate and link themselves to the 

endothelial cells and undergo macrophages induced phagocytosis (102,104). 

 
Besides from interfering with platelet synthesis, thrombocytopenia is also a result of 

increased peripheral clearance and destruction of platelets. This can be either direct or 

indirect consequence of DENV infection. Direct action involves the binding of viral 

particles to the platelets and clearance of such virus bound platelets from the body by 

phagocytosis contributing to the thrombocytopenia and indirect mechanism involves the 

production of cross reactive anti platelet antibodies in response to the DENV infection 

(93). In fact molecular mimicry has also been well established between the endothelial 
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cells, platelets and clotting factors and viral PrM, NS1 and E proteins responsible for cross 

reactivity which results in damage to the endothelial cells and thus rupture of endothelial 

integrity, impaired coagulation and platelet dysfunction (105). 

 
 

 

FIGURE 2.8: Role of platelets and mechanism of thrombocytopenia in dengue (106): (A) in periphery, 

(i) Platelet-leukocytes complexes are formed which binds with the Neutrophils, lymphocytes and monocytes. 

(ii) Increased peripheral removal of platelets by phagocytosis in the liver of the patient suffering from 

DHF/DSS (iii) platelet adhesion and clot formation contributing to thrombocytopenia. (B) Contributors of 

thrombocytopenia and enhanced vascular permeability (i) decrease in platelet count with diminished levels 

Angiopoietin 1 (ang-1), Sphingosine 1-phosphate (S1P) and Thromboxane A2 (TXA2) and elevated levels 

of cytokines impart vasculopathy. (ii) Activation of platelets, increased production and release of cytokines 

(IL-1β and IL-1β containing micro particles (MPs) increases the vascular permeability. 

 
Overall it is very clear that thrombocytopenia is the most important biomarker of the 

disease severity and prolong thrombocytopenia is associated with hemorrhagic 

manifestations. In case of dengue when thrombocytopenia combines with platelet 

dysfunction and breached endothelial integrity it will result in plasma leakage, a 

characteristic feature of DHF and persistent hemorrhage will result in hypovolemic shock 

(DSS) if not treated well on time (30). Excessive blood loss or lower intravascular volume 

as a result of plasma leakage results in hypovolemia and leads to tissue hypo perfusion and 
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scarcity of oxygen creates hypoxia. This condition affects various organs in the body 

(107). The most detrimental effect is a decrease in preload and myocardial contractility 

which will reduce the SV, CO and BP (108, 109). To overcome this body activates the 

compensatory mechanism by stimulating the baroreceptors and the chemoreceptors. Their 

activation results in peripheral vasoconstriction, cardiac stimulation and restoration of 

blood volume by releasing the vasopressin, catecholamines and activation of RAAS 

(Renin Angiotensin Aldosteron System) (110, 111). Diminished oxygen supply will force 

the body to shift from aerobic to anaerobic environment which generates lactic acid and 

causes lactic acidosis. With proper management, care, hospitalization and careful 

monitoring this can be reversed which if not can cause multiple organ failure and 

circulatory collapse (108). 

 
2.1.14 Animal models of Thrombocytopenia 

 
 

Thrombocytopenia can be either inherited, observed in Bernard-Soulier syndrome in 

which thrombocytopenia is generally mild accompanied with larger platelet size known as 

macro thrombocytopenia without bleeding. It is a result of the mutations in genes that 

codes for platelet GPIb-V-IX complex which is a receptor for von Willebrand factor 

(vWF) or it can be acquired (32, 91). It happens when there is a decrease production of 

thrombocytes ( e.g. hematologic malignancies, Myelo-fibrosis, use of chemo-therapeutic 

agents, Myelodysplastic syndromes, severe vitamin/iron deficiency or excessive 

consumption of alcohol leads to the damage to the bone marrow) or when there is an 

increased destruction of thrombocytes (e.g. primary and secondary immune 

thrombocytopenia (ITP) results from Post-trans fusional purpura, viral infections such as 

Dengue or , Hepatitis C, Canale-Smith syndrome, during pregnancy or sometimes it is 

drug induced as well). The pattern of thrombocytopenia seen in Dengue is acquired and a 

classic example of ITP (91, 112). ITP can be the result of antibodies formed against 

platelets (anti platelet antibodies) or elevated peripheral destruction of platelets by 

macrophages induced phagocytosis and bleeding also occurs in severe cases of ITP. All 

these features highly resemble with the DENV associated thrombocytopenia (113-120). 

 
Passive ITP models: In these models, thrombocytopenia has been induced passively by 

injecting anti-platelet antiserum or anti-platelet antibodies in different animals including 

rabbits, guinea pigs, mice and rats, sheeps and horses (121-127). Initially the animals were 
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injected with auto reactive serums till 1980s where first anti platelet antibodies were 

identified against human platelets and then against animal platelets. In this way, antibodies 

could be transferred to create passive models of ITP, such as the inoculation of the mouse 

6A6 antibody (mouse IgG2A), derived from SLE-prone male (NZW x BXSB)F1 (W/BF1) 

mice, the rat anti-mouse CD41 (anti-glycoprotein IIb, clone MWReg30, rat IgG1 

antibody) or the infusion of the ham (or even outbred CD-1 mice) (128-132). The major 

benefaction of passive ITP model is that they are extensively used to study the mechanism 

of intravenous immunoglobulin (IVIg) used to treat human ITP (129,132-134). However 

these models are highly strenuous and too costly to generate plus this model captures the 

thrombocytopenia in its progression stage but not useful to study the mechanism that 

initiates the platelet autoimmunity. 

 
Another form of ITP is secondary ITP, which is a result of underlying disease, infection or 

drug exposure observed during DENV infection. The (NZW x BXSB)F1 mouse develops 

the secondary ITP. The male mice created by cross breeding of these two strains (NZW 

and BXSB) develop the systemic lupus erythematosis (SLE) along with myocardial 

contraction exhibits thrombocytopenia around 5 months of age. (128, 135-137). 

Spontaneous thrombocytopenia generated in this model shows the characteristic features 

like presence of anti platelet antibodies and decreased life span of platelets resembles the 

most with human ITP. It is also the most suitable model to study the involvement of 

immune system such as B cell response. However in this model mice develop the 

antibodies of both IgM and IgG types where as in case humans they were mostly of IgG 

type (137, 138). Another drawback is that animals may develop an array of co morbidities 

and affect the ability to depict the mechanistic findings and pathologies. 

 
Another widely employed model is drug induced thrombocytopenia. There are many drugs 

that induce thrombocytopenia owing to their own unique nature. Cinchona alkaloids like 

quinine and quinidine, sedatives and anticonvulsant drugs such as valproic acid, 

carbamazepine, analgesic agents naproxen and acetaminophen, chemotherapeutic agents 

and immunosuppressant like carboplatin, fludarabine and others including heparin, 

sulphonamides, tirofiban and many more can induce thrombocytopenia and so widely use 

to induce thrombocytopenia in experimental models. In most of the cases drug induced 

thrombocytopenia can be a result of their direct suppressive action on bone marrow or 

they induces antibodies that either bind with membrane protein or reacts with platelets 
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(139). Thrombocytopenia as a result of chemotherapy is very well documented and 

carboplatin has been used to induce thrombocytopenia in experimental animals (140-144). 

 
2.1.15 Animal models of Hemorrhagic Shock (HS) 

 
 

Hemorrhage is a condition that usually calls for an emergency and characterized by 

remarkably depleted blood volume or intravascular volume (hypovolemia) and results in 

consequences like tissue hypo perfusion and hypoxia, hemodynamic instability affecting 

different organs of the body, more precisely known as hypovolemic/hemorrhagic shock 

(145). Shock can be Cardiogenic, distributive, obstructive or hemorrhagic/hypovolemic 

(146, 147). Out of all these four types of shock, hemorrhagic shock is the most prevalent 

one associated with death in trauma and surgery patients (148). In case of DENV 

infection, hemorrhagic shock is considered as the most severe complication and can result 

in death, if not treated properly. To evaluate the effect of different therapeutic intervention 

in such complication and also to study the pathophysiology of HS and physicochemical, 

physiological and other changes it brings out, it is crucial to develop HS condition in 

experimental animals. 

 
Broadly, hemorrhagic shock models can be classified into 2 categories. (1) Controlled 

hemorrhage (2) Uncontrolled hemorrhage. Models, in which the HS condition has been 

induced in controlled manner offers the advantage of safe and effective management of 

shock induced, may or may not require anesthesia and they are easy to reproduce. Plus as 

the HS condition is induced in controlled manner one can control the extent and severity 

of HS which is not possible in uncontrolled hemorrhage. Controlled hemorrhage models 

employ two approaches, (1) fixed volume bleed out model of hemorrhagic shock (2) fixed 

pressure bleed out model of hemorrhagic shock. In fixed volume bleed out hemorrhage 

models, a predetermined percentage of blood (estimated circulatory blood volume, EBV) 

will be removed in a gradual manner over a fixed period of time to induce hemorrhage 

followed a by a pre defined time interval to keep the animal unsuscitated to induce shock 

(149). In fixed pressure bleed out HS models, a predetermined arterial pressure will be 

maintained throughout by making the animals bleed until the arterial pressure reach to a 

predetermined level and any fluctuations can be managed by fluid infusion, if needed. 

Then the animals will be kept unsuscitated to induce shock (150). In uncontrolled 

hemorrhage models, hemorrhage will be produced as result or consequence of trauma and 
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trauma can be induced by crushing or laceration of spleen or liver, surgical removal of 

appendages or by making an arterial injury. However uncontrolled hemorrhage models are 

associated with decreased survival and increased mortality of experimental animals (151- 

159). When hemorrhage is induced in controlled manner, a correlation exists between the 

amount of blood lost and blood pressure; however, when hemorrhage is uncontrolled, 

there is no such correlation. (160). 

 
Overall, fixed pressure bleed out models represent hypotensive shock whereas fixed 

volume bleed out models represent hypovolemic shock which resembles the most with 

DSS. Advantages offered by fixed volume bleed out model over others are: (1) it is an 

ideal model to understand the compensatory mechanisms and hemodynamic responses 

triggered in response to HS condition. (2) It is the most widely employed animal model to 

investigate the changes induced because of shock, such as change in carbohydrate 

metabolism reflects in the altered levels of blood glucose and glycogen, a shift from 

aerobic to anaerobic form of glycolysis in response to hypoxia which can be evaluated by 

blood levels of lactate and bicarbonate, and also to examine the histopathological changes 

and to check the efficacy and safety of treatments (161-168). (3) Certain approaches 

involved to create the HS condition by fixed volume bleed out model eliminate the need of 

prolong and general anesthesia and use of analgesic and anesthetic agents used to induce 

HS condition can interfere with the immune function and cardiovascular compensatory 

mechanisms (169-171). Gender also plays a role in such models as studies have 

demonstrated that males are more susceptible to develop shock and its consequences 

compared to females because of their hormonal differences (171-173). 

 
2.2 Herbal products against Dengue and its complications: A medicinal plant 

perspective 

 
2.2.1 Plants 

 
 

Plants have been the birthplace of a wide variety of pharmaceutical drugs used to treat 

many diseases. From many decades herbal extracts or chemical components isolated from 

plants are being used to cure a number of diseases. From ancient times they are being used 

as anti bacterial, anti viral, anti inflammatory, anti obesity, anti diabetic, anti malarial and 

anti cancer as well (91, 174). Several years ago when a 21 year old pharmacist, Friedrich 
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Serturner isolated the pure form of morphine from Papaver somniferum, it was the 

beginning of an era where the active compounds can be isolated, purified and studied for 

their effectiveness (175). Since then plants are either the direct or the indirect source of 

many medicines. Over the years, even the World Health Organization (WHO) has asked 

people to depend more on the traditional form of medicine, and countries should promote 

the herbal product research and development to identify and develop new effective 

medicines against diseases (40, 91). 80% population in SEA region as well as in African 

countries depend on natural remedies to solve health relates issues because of their 

geographical and economical constraints (57, 176). The demand for natural products from 

plant and mineral origin has been growing because they are safer, non toxic, less harmful 

due to low incidence of severe side effects and easily accessible in abundance (177-178). 

With many nations like India, Nigeria, China and USA along with WHO promoting drug 

discovery and evaluation from natural origin, the industry has been blooming with an 

average market of 60 billion US$ per annum (39,40). 

 
In the field of virology, an extensive research has been done till date on various plant 

extracts and herbs for their potential to emerge as an anti viral remedy with a negligible 

overlap. Many active chemical components such as terpenoids, alkaloids, flavonoids, 

polyphenols, proteins, lignans, furyl compounds, sulphides, coumarins, thiophenes have 

been identified, isolated and evaluated for their anti viral potential against many diseases 

in vitro and in vivo. Apart from this several volatile essential oils have also demonstrated 

satisfactory antiviral activity (41). Research against viral diseases has been initiated in 

1952 after Second World War by the Boots drug company, when they discovered that 12 

out of 288 plants have suppressed the amplification of influenza A virus in embryonated 

eggs (179). It is evident from many studies that herbal extracts are better source of 

antiviral compounds compared to synthetic drugs and approximately 3800 have 

demonstrated anti viral efficacy against different viruses (180-181). 

 
In case of Dengue because of the unavailability of approved medicament or vaccine 

against the disease, inclination towards herbal remedies can provide symptomatic relief, 

especially when many plants have exhibited promising results against various 

complications of disease. In India, traditional approach has been adopted to treat the 

dengue from years (182). Before arriving at any definite conclusion regarding the use of 

herbal products against dengue it is crucial that they are tested against all the three 
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methods, (in vitro, in vivo and clinical trials) and ample data should be generated before 

launching them into the market for the use of general population. Unfortunately research 

against dengue virus is largely limited to in vitro study and though many studies have 

documented beneficial results in in vitro studies, their further assessment by in vivo means 

has been hampered. 

 
2.2.2 Indian Knowledge system 

 
 

India has distinctive and multicultural approach when it comes to its healthcare system, 

food and medicine. One such traditional knowledge system given to the world by our 

country is Ayurveda comprising of two words ayu and veda which means life and 

knowledge respectively, which deals with healing and overall well being of people (36, 

37). Ayurveda is a Sanskrit term which means ‘life science’, the knowledge of which is 

not restricted to physicians or remedy or cure but its knowledge is accessible to the general 

public and households as well as communities. Originating in India, Ayurvedic medicine 

has evolved over millennia and is one of the world's oldest and most widely used systems 

of medicine. Ayurveda and local health traditions have mutually affected each other 

throughout its history of development. Ayurveda is being increasingly medicalized as a 

result of the influence of biomedicine in modern times. As biomedicine has gained traction 

in India over the last century, it has transformed the human being into a thing of positive 

knowledge, a thing that can be rationally explained by science and managed and 

controlled by medical knowledge (183). Researchers throughout the world have had a 

major paradigm shift and a major transformation in their approach to Ayurveda's 

applications in recent decades (184). Indian Ayurveda's professionalization matches the 

professionalization of biomedical institutions in terms of policy, education and research; 

the entire curriculum is structured to mimic the Bachelor of Medicine, (MBBS) degree 

course with a goal to equalizing Ayurveda's position with bio-medicine (37, 185, 188). 

With 976 chemical formulations and 540 plant, animal, and mineral monographs legislated 

by the Ayurvedic pharmacopoeia of India, in the field of Pharmacy, it is a boon (186) but 

technically there are way more than that mentioned in other classic texts such as Charaka 

Samhita, an ancient Indian medical text. You'll find the following eight subcategories: 

Sutra; Nidana; Viman; Endriya; Chikit; Kalp; and the Siddha-Sthanas. There are multiple 

chapters in each division. Medical knowledge, as well as the rationale and philosophy 

underpinning the medical system, are covered in this book (38). In India there also exist a 
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governing body which particularly deals with the principles of Ayurveda, Yoga and 

naturopathy, Unani, Siddha and homeopathy known as ministry of Ayush. So, it is very 

clear that India has deep rooted culture in terms of traditional system of medicine which 

involves the different principles of Ayurveda and with this study we try to explore the rich 

heritage of India as well. 

 
2.2.3 Carica Papaya (PAPAYA) 

 
 

Carica Papaya, commonly known as papaya, papita, kapaya, lapaya, lechosa, tree melon, 

mamao or pawpaw belongs to the genus carica and family cariaceae. It is a rapidly 

growing herbaceous perennial plant, grows like tree and is widely distributed in nature. 

There is therapeutic potential in every part of the plant, including the leaves, peel, fruits, 

seeds, and flowers. (187). The plant is having roots to Central America, now being 

cultivated in many countries like Brazil, India, Mexico, Indonesia, Nigeria and many more 

tropical and sub tropical countries. During the years 2008-2010, India accounted for 

38.61% of global papaya output. (188-190). Morphologically, papaya is polygamous, 

dicotyledonous and diploid plant (191). Medicinal properties of the tree are attributed to 

the presence of flavonoids, alkaloids, steroids, tannins, quinones, saponins and terpenoids 

(192, 193). More precisely, flowers are used in the treatment of jaundice and they have 

pectoral, febrifuge and emmengogue properties. Fruits of papaya contain vitamin A, 

vitamin C, riboflavin, iron, potassium, calcium, thiamine, folate, niacin and fibre in 

abundance along with enzyms, alkaloids, fats and oils. They exert anti ulcer, wound 

healing, anti diabetic, anti hypertensive, anti cancer and anti obesity properties. They also 

act as flavoring agents. Seeds of papaya are used as anthelmintic, in bleeding disorders, 

contraceptives, antimicrobial, anti inflammatory and analgesics. Even the fruit peel has 

anti oxidant, anti cancer and anti bacterial properties. The leaves are being used in asthma, 

jaundice, colic, fever, as hypoglycemic, abortificient, immunomodulator and anti viral 

(194). 

 
The role of aqueous decoction of papaya leaves in thrombocytopenia associated with 

dengue is widely known. Studies have demonstrated that Carica Papaya leaf extract 

significantly increases the thrombocytes count against animal models of thrombocytopenia 

in mice and in rats (195, 196). Carica Papaya leaf concentrate has also effectively 

increased WBC as well as RBC count along with an increase in platelet count in both 
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thrombocytopenia and non thrombocytopenic rats (197). Platelet augmenting power of 

Carica Papaya leaf extract has also been documented in many clinical trials. A study 

conducted on 80 patients in Indonesia having high grade fever and low platelet count 

(<1,50,000/ μL) concluded that patients who were given Carica Papaya leaves extract 

capsules have shown faster recovery compared to those who did not receive (198). An 

open labeled randomized controlled trial carried out on 290 patients (18 – 60 years) in 

Malaysia suffering from dengue and had a very low platelet count (≤1,00,000/ μL) has 

concluded that 111 patients in the intervention group who have received the Carica 

Papaya leaves juice have significantly high level of platelets compared to 117 patients in 

control group who did not receive papaya leaves juice. An increase was also seen in 

ALOX 12 and PTAFR gene expression which is responsible for platelet production (199). 

Several other studies and clinical trial reports also suggest the beneficial role of Carica 

Papaya leaf extract in treatment of dengue fever complications where thrombocytopenia is 

the predominant feature (91, 200-204). 

 
It is found that flavonoids and alkaloids present in the aqueous extract of leaf are not only 

responsible for anti thrombocytopenic activity but also responsible for anti dengue 

activity. Flavonoids and especially quercetin binds with the viral serine protease with the 

strongest affinity amongst other compounds such as coumaric acid, chlorogenic acid, 

kaempherol, caffeic acid and prevents viral replication. Viral serine protease is made up of 

viral non structural proteins NS2B and NS3 and this heterocomplex is mandatory for viral 

replication (205). Apart from this in vitro studies conducted on Vero cell lines also 

reported the strong anti viral activity exerted by quercetin against DENV-2 (206). 

Carpaine, an alkaloid present in leaf extract is also responsible for platelet augmenting 

potential of papaya leaf extract without any signs of toxicity or adverse reactions (207). 

Viral structural Envelope protein (E) plays an important role during infection as it induces 

neutralizing antibodies, haemagglutination of erythrocytes and also involved in virus 

receptor binding. One study reported that treatment with papaya leaf extract decreases the 

expression of DENV E protein in DENV infected cells. Viral NS1 is mainly responsible 

for DENV associated thrombocytopenia as it induces anti platelet antibodies and also 

directly binds to the human platelets which are then prone to get cleared from the 

circulation via phagocytosis. Treatment with Carica Papaya leaf extract decreases the 

expression of NS1 as well in vitro (208). 
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2.2.4 Azadirachta Indica (NEEM) 

 
 

Azadirachta Indica, an evergreen tree plant also known as Neem, Indian Lilac, or margosa 

belongs to the family Meliaceae. In Sanskrit, it is known as “Arishtha” which means 

ultimate and imperishable and also known as “Kalpvriksha of Kalyuga” and “Divine Tree” 

(209). Neem has its origin to India but now being cultivated in many areas of Asia, Africa, 

America and Australia. It is a tree that grows rapidly and reaches the height of 40-50 feet 

with a straight trunk and bright green leaves (210). The neem tree can live upto 200 years 

(211). It has widespread application in medicine as it is capable to treat many diseases 

because of the presence of active constituents like nimbin, nimbanene, nimbolide, 

nimbandiol, ascorbic acid, salanin, azadirachtin, gedunin, saponins, phenolic compounds, 

β-sitosterol, and quercetin (212). All parts of the Neem tree have medicinal activities and 

are being used as a household remedy from ancient times as an analgesic, anti fungal, anti 

bacterial, anti viral, anti diabetic, anti parasitic, anti ulcer, anti oxidant and free radical 

scavenging, against various skin diseases, anti inflammatory and many more (213-215). 

 
Parida et al. has conducted an in vitro study to evaluate the anti dengue potential of 

aqueous extract of neem leaves. It was concluded that the extract inhibits the DENV-2 

replication in dose dependent manner. It was concluded that the aqueous extract of neem 

leaves has Maximum Non toxic dose (MNTD) value of 1.897 mg/ml which completely 

inhibits 100–10,000 TCID50 (Tissue Culture Infective Dose 50 %) of virus. To draw a 

more definite conclusion they have extended their research by inoculating the 0.02 ml of 

mixture containing neem leaves extract and virus intracerebrally into the mice and 

compared the results against only virus inoculated (disease control) and normal control 

mice. In this in vivo model also the extract has shown an inhibitory effect on viral 

replication at the dose above 30 mg/ml as indicated by the absence of 511 bp Dengue 

group specific amplicons in RT-PCR (216). Dwiwedi and co workers have studied the 

molecular interaction between triterpenoids (nimbin, azadirachtin, salannin, 

desacetylsalannin and desacetylnimbin) found in the plant in abundance and viral serine 

protease. They concluded that these triterpenoids especially nimbin, desacetylsalannin and 

desacetylnimbin, can bind with the viral NS2B-NS3 protease with a great affinity and can 

be responsible for anti viral activity (217). Only a couple of studies have been carried out 

to evaluate the effectiveness of neem leaves extract against complications of dengue. In 

one study it was demonstrated that both the aqueous and methanolic extracts of 
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Azadirachta Indica leaves at the dose of 100 mg/kg has improved the hematological 

profile and blood indices in an animal model of cyclophosphamide induce bone marrow 

suppression (218). In another study, neem extract was an ingredient of a polyherbal 

formulation along with guduchisatva, patha, papaya and punarnava which was screened 

for its anti thrombocytopenic potential in an animal model and has shown beneficial 

results (219). 

 
2.2.5 Andrographis Paniculata (KALMEGH) 

 
 

Andrographis Paniculata is an annual herbaceous plant and belongs to the family 

Acanthaceae. It is also known as kalmegh, kiryat, kalpa, nelavembu and green chiretta. 

Because of its highly bitter taste it is known as “King of bitters”. It is one of the most 

widely used plants as folklore medicine and also an important ingredient of many 

Ayurvedic formulations (220). The plant has its native to Indonesia, India, China, Taiwan, 

Malaysia, West Indies, America and Java. The plant can attain the height of 40 – 80 cm. 

Andrographolide is the chief active constituent of the plant which is mainly responsible for 

its diverse therapeutic actions. Apart from andrographolide it also contains bitter 

glycosides, flavonoids and diterpenoids. It is used as anti-malarial, anti-cancer, anti- 

obesity, cardiovascular protector, anti-inflammatory, blood purifier, hepatoprotective, anti- 

bacterial and anti diabetic (221, 222). 

 
The methanolic extract of the plant was assessed for anti dengue activity against Vero E6 

cell lines. The extract exhibited the highest anti viral activity against DENV 1 with an 

MNTD value of 0.050 mg/ml (178). This finding was further supported by another in vitro 

study in which ethanolic extract of Andrographis Paniculata has shown inhibitory effect 

against all the four serotypes of dengue against Vero cell lines (223). It is documented that 

pure andrographolide (99.76 %) isolated from Andrographis Paniculata is responsible for 

anti dengue activity using in vitro and in silico method where andrographolide showed 

97.23 % action against DENV 2. The MNTD of andrographolide was 15.62μg/ml against 

C6/36 cell line (224). 
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CHAPTER-3 

 
Materials and Methods 

 

 

 

3.1 Plants 

 
 

Three plants are selected for the study as follows: 

1. Carica Papaya, commonly known as “papaya” belongs to the family Caricaceae 

(Part of the plant used: Leaves) 

2. Azadirachta Indica, commonly known as “Neem” belongs to the family 

Meliaceae 

(Part of the plant used: Leaves) 

3. Andrographis Paniculata, commonly known as “Kalmegh” belongs to the family 

Acanthaceae. 

(Part of the plant used: Whole aerial body) 

 
 

3.2 Extracts, Drugs and Chemicals 

 
 

All the three plant extracts used in the study were extracted in the laboratory as mentioned 

in section 3.5. Preparation of plant extracts. Casein soyabean digest and sabouraud 

dextrose agar and other culture medium required in this study were procured from 

Himedia, India. Chromatographic aluminium sheets, Absolute methanol, Potassium 

Dihydrogen Phosphate, Potassium Hydrogen Phthalate, chloroform, hydrochloric acid, 

Nitric acid, sulphuric acid, HPLC grade water were purchased from Merck, India. All 

other solvents and chemicals used in this study were of analytical grade and obtained from 

standard firms. Details of diagnostic kits used in the study were mentioned in their 

respective methods. 
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3.3 Procurement and collection of plants 

 
 

Carica Papaya leaves powder was purchased from Universal Agri Exports, Ahmedabad. 

Dry powder of Andrographis Paniculata (whole aerial body) was obtained from shri-shail 

herbs pvt. Ltd., Nagpur. Azadirachta Indica leaves were collected locally from 

Ahmedabad, washed and dried under shed and then powdered to talc consistency and 

processed further. 

 
3.4 Identification and authentication of plants 

 
 

After collection, for the purpose of the authentication, we sent our samples to M.S. 

University (MSU), Baroda. Dr. Padmnabhi S. Nagar, from MSU, Department of Botany 

has evaluated the plant samples and has given us the certificate of the same. ( Certificate 

attached in Appendix A) 

 
3.5 Preparation of Plant extracts 

 
 

Extraction of plant powder was done using cold maceration method. Dry powders of 

Azadirachta Indica and Carica Papaya were subjected to aqueous extraction using 

distilled water as a solvent. Dry powders were weighed carefully and extracted with 

double distilled water and chloroform (97.5:2.5) in the ratio of (1:10) for three days with 

occasional shaking. Similarly, dry powder of Andrographis Paniculata was extracted with 

absolute methanol in the ratio of (1:5 w/v) in dark condition for a period of three days with 

occasional shaking. At the end of three days extracts were filtered using Whatman filter 

paper, grade 1 and the filtrate was evaporated and concentrated under reduced pressure at 

45 °C to dryness, stored at -4 °C till further use (91, 181). 
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3.6 % yield of plant extract 

 
 

It is calculated using following equation: 

X1 × 100 

%yield =   

X2 

 
 

Where X1 = Weight of the extract after extraction 

X2 = Weight of plant powder 

 
3.7 Analysis of plant extracts 

 
 

It was carried out in accordance with the protocol for testing Ayurveda, Siddha and Unani 

medicines, given by Department of AYUSH, Ministry of Health and Family Welfare, 

government of India (225). 

 
3.7.1 Description 

 
 

It includes color, odor and taste of plant extracts. 

 
 

3.7.2 pH of plant extracts 

 
 

Sample preparation: As the plant extracts are solid, 10% aqueous solution was made in 

distilled water and pH was measured using digital pH meter (Hanna, New Mumbai). 

 
Procedure: The pH meter was turned on. The electrode was rinsed with distilled water in 

waste beaker and blot dried before calibration. Buffer solutions with a neutral pH of 7 

(Potassium Dihydrogen Phosphate) and an acidic pH of 4 (Potassium Hydrogen Phthalate) 

were used for calibration. First the electrode was dipped into buffer with a pH value of 7 

for at least 1 minute and when the reading was stabilized, the pH was set. Then the 

electrode was rinsed with distilled water and dipped into another buffer with a pH value of 

4, and the pH was measured and set. Again the electrode was rinsed with the distilled 

water. After calibration, the pH of the plant extracts was measured. Between the 

measurements, the electrode was rinsed with distilled water. 
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3.7.3 Determination of Ash values 

 
 

3.7.3.1 Determination of Total Ash 

 
 

It is the residue remaining after the incineration, which is the measure of inorganic matter 

present in the plant extract. 2 g of plant extract was accurately weighed and transferred to 

an empty crucible, previously ignited, cooled and weighed. The crucible was placed inside 

a muffle furnace at a temperature not exceeding 450̊ C till the sample became free from 

carbon. Upon cooling the crucible was weighed and the percentage of ash was calculated. 

 
3.7.3.2 Determination of Acid insoluble Ash 

 
 

It is the amount of ash obtained in 3.7.3.1 which is insoluble in diluted hydrochloric acid 

(HCl). It is the determination of earthy matter present in plant extracts. It is calculated by 

boiling the ash obtained, in 25 ml of diluted HCl for 5 minutes. After 5 minutes it was 

filtered and collected on ash less whatman’s filter paper (grade1). The residues were then 

washed with hot water and transferred to the crucible, prepared as per ash value 

determination, the weight of which was known and ignited to constant weight. The 

percentage of acid insoluble ash was then calculated. 

 
3.7.4 Extractive values 

 
 

It helps to indicate the nature of chemical constituents present in the plant extracts and in 

identification of adulterants. 

 
3.7.4.1 Water soluble extractive 

 
 

5g of the powder was accurately weighed and macerated with 100 ml of chloroform water 

for 24 hours with frequent shaking for first 6 hours and then allowed to stand for 18 hours. 

Then it was filtered and 25 ml of filtrate was collected and transferred to a Petri plate 

previously heated at 105º C, cooled and weighed. The filtrate was evaporated to dryness 

and the percentage of water soluble extractive was calculated. 
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3.7.4.2 Alcohol soluble extractive 

 
 

5g of the powder was accurately weighed and macerated with 100 ml of ethanol for 24 

hours with frequent shaking for first 6 hours and then allowed to stand for 18 hours. Then 

it was filtered and 25 ml of filtrate was collected and transferred to a Petri plate previously 

heated at 105º C, cooled and weighed. The filtrate was evaporated to dryness and the 

percentage of alcohol soluble extractive was calculated. 

 
3.7.5 Determination of Loss on Drying (LOD) 

 
 

2g of plant extract was accurately weighed and transferred to a shallow bottom plate 

which is preheated at 105º C for 30 minutes, cooled in a desiccator and weighed. The plant 

extract will be spread as evenly as possible on the plate in such a way that the thickness 

should not be more than 5 mm. The plate was placed in the oven, lid was removed and 

also placed in the same oven and dried at 105º C to constant weight until two consecutive 

weighing do not differ by more than 0.50 mg per g of substance taken, the second 

weighing following an additional hour of drying. 

 
3.7.6 Thin layer Chromatography (TLC) 

 
 

Chromatographic plates and stationary phase: Readymade chromatographic plates 

were used, which uses silica gel 60 F254 as stationary phase coated on aluminium sheets. 

 
Loading of sample: the plates were marked 2cm above from the bottom to load the 

sample. 

 
Development of chromatogram: At first, the development chamber was allowed to get 

saturated completely with the mobile phase and then the plates loaded with the samples 

were immersed in such a way that the sampling line did not touch the baseline of the 

solvent. Then it was allowed to run and the solvent front was marked to calculate the Rf 

value as follows. 
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Distance travelled by the solute (component) 

Rf (Retention factor) =    

Distance travelled by solvent (mobile phase) 

 
 

Solvent system (Mobile phase): 

 For Andrographis Paniculata extract: 

o Chloroform: Methanol: Ethyl acetate ( 7:2:1) 

 

 For Azadirachta Indica extract: 

o Methanol: Toluene (8:2) 

o Hexane: Ethyl acetate (1:1) 

 

 For Carica Papaya extract: 

o Chloroform: Methanol (7:3) 

 

3.7.7 Determination of Heavy/Toxic metals 

 
 

The content of metallic impurities was determined by ICP-OES (Inductively Coupled 

Plasma Optical Emission Spectroscopy, Agilent 5110, USA). It was carried out to detect 

the presence of Lead, Mercury, Arsenic and Cadmium in plant extracts. 

 
Preparation of solutions 

Diluent: 5% Nitric acid 

5 ml of 69% nitric acid ICP grade was pipetted out into 100 ml of volumetric flask and 

volume was made up to the mark with HPLC grade water. 

 
Standard stock solution (1 ppm) for estimation of Cadmium (Cd), Lead (Pb), Arsenic 

(As) and Mercury (Hg) 

2 ml of standard A solution (10 ppm of Cd, Pb, As) and standard C solution (10 ppm of 

Hg) was pipetted out into 20 ml of volumetric flask and diluted upto the mark with 

diluents. 

From the above stock solution, 1 ml, 2 ml and 3 ml was pipetted out into 10 ml of 

volumetric flask and volume was made up to the mark with diluents to make 0.1 ppm, 0.2 

ppm and 0.3 ppm concentrations respectively. 
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Sample solution: 1 gm of plant extract was transferred to a 50 ml of beaker. To that 1 ml 

of hydrogen peroxide was added and after that very slowly 2 ml of concentrated nitric acid 

was added. It was heated for few minutes and then 8 ml of concentrated nitric was added 

until the extracts completely got dissolved and a clear solution was obtained. It was 

allowed to cool and then the final volume of 25 ml was made up using HPLC grade water. 

The resulting solution was filtered through Whatman filter paper (Grade 1). 

 
ICP parameter details: 

 
 

TABLE 3.1: Details of ICP parameters. 
 

Parameters Description 

Instrument Agilent – 5110 ICP-OES 

Mode Aqueous 

Nebulizer flow rate 0.7 L/min 

Plasma flow 12 L/min 

Aux flow 1 L/min 

Read Time 5 second 

Stabilization time 15 second 

RF power 1.2 KW 

 

Procedure: 

Plasma was ignited first and allowed to get stabilized (plasma flow: 12 L/min). Blank 

solution was aspirated and signal was set to zero. Then the diluents, standard and sample 

solutions were aspirated in plasma in triplicates and the ionization intensity was measured 

at following wavelength. 

 Cadmium (Cd): 214.439 nm 

 Lead (Pb): 220.353 nm 

 Arsenic (As): 188.980 nm 

 Mercury (Hg): 184.887 nm 



Chapter 3 Materials and methods 

50 

 

 

3.7.8 Determination of microbial contamination 

 
 

It was carried out to check the level of microbial contamination in the plant extracts and if 

it exceeds the limit in terms of Colony Forming Unit (CFU)/gm , then they cannot be used 

further. 

 
Limits 

Total bacterial count: 1 × 105 CFU/gm 

Total fungal count: 1 × 103 CFU/gm 

 
Sample Preparation: 1 g of plant extract was weighed accurately and the volume was 

adjusted to 10 ml with casein soyabean digest medium. 

 
For estimation of total bacterial count and total fungal count in plant extract, petriplates 

having 9 to 10 cm of diameter were used. The petriplates were sterilized in hot air oven at 

160° C for 60 minutes, allowed to cool inside the oven and then taken out using sterilized 

tongs just prior performing the test. 1 ml of sample from the pretreated preparation was 

added in duplicates. Then 15 ml of liquefied casein soyabean digest agar (not more than 

45º C) and sabouraud dextrose agar with antibiotics was added for determination of total 

bacterial count and total fungal count respectively. Then the plates were incubated at 30º C 

to 35º C for 5 days for total bacterial count and 20º C to 25º C for 5 days for total fungal 

count unless a more reliable count is obtained in a shorter time. Colonies were calculated 

using plates that showed highest colony count but not more than 300 and 100 colonies per 

plate in case of bacteria and fungi respectively. 

 
3.8 Phytochemical Analysis of plant extracts 

 
 

For all the three extracts, it was carried out using standard methods (226-228). 

 
 

3.8.1 Test for Carbohydrates 

 
 

Sample preparation: 200 mg of plant extract was dissolved in 10 ml of distilled water 

and filtered. The filtrate was used as follows. 
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 Molisch’s Test 

To 2 ml of above filtrate, 2 drops of Molisch reagent was added. The resulting 

solution was mixed and test tube was inclined and then slowly 2 ml of sulphuric 

acid was added from the side of the test tube. The violet ring at the junction 

indicates the presence of carbohydrates. 

 Fehling’s Test 

2 ml of filtrate was taken and 2 ml of Fehling’s A and 2 ml of Fehling’s B was 

added and kept on water bath. Formation of brick red precipitates indicates the 

presence of carbohydrates. 

 Benedict’s Test 

1 ml of filtrate was mixed with 1 ml of Benedict’s reagent in a test tube. It was 

boiled for 2 minutes and allowed to cool. Red precipitates indicate the presence of 

carbohydrates. 

 Tollen’s Test (For Hexose suger) 

It is also known as silver mirror test. 2 ml of tollen’s reagent was added to 1 ml of 

filtrate in a test tube and kept on water bath for at least 1 minute. Formation of dark 

grey precipitates indicates the presence of Hexose suger. 

 
3.8.2 Test for Proteins and amino acids 

 
 

Sample preparation: 100 mg of plant extract was dissolved in 10ml of distilled water 

and filtered. The filtrate was used further for tests. 

 
 Ninhydrin Test 

3ml of above filtrate was heated on a water bath with 3 drops of 5% Ninhydrin 

solution for 10 minutes. Formation of blue or purple color will indicate the 

presence of amino acids. 

 Biuret Test 

To 2 ml of filtrate, Biuret reagent was added and change in the color of the 

solution was noted. If solution turns violet or pink from blue then it will indicate 

the presence of protein 
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 Precipitation Test 

To 1 ml of filtrate, either 5% copper sulphate or 5% lead acetate or 5% mercuric 

chloride or absolute alcohol when added and forms precipitate; it will indicate the 

presence of protein. 

 
3.8.3 Test for Steroids 

 Salkowski Test 

 

Sample preparation: The plant extract was treated with chloroform first, then filtered. 

 
 

To that filtrate, carefully and slowly concentrated sulphuric acid was added and 

shaken and then allowed to stand. If the bottom layer turns red then it indicates the 

presence of sterol and if it turns golden yellow then it indicates the presence of 

triterpenes. 

 
3.8.4 Test for Glycosides 

 
 

Sample preparation: 500 mg of plant extract was dissolved in 20 ml of concentrated 

HCl, filtered and then following tests were performed. 

 
 Keller-Killiani Test 

1 ml of glacial acetic acid and a drop of 5% FeCl3 were added to 2 ml of the above 

filtrate. Then slowly and gradually from the side of the test tube 1 ml of 

concentrated sulphuric acid was added. A brown ring formation at the junction of 

two layers will indicate the presence of cardinolides. 

 Legal’s Test 

To 1 ml of filtrate, 1 ml of pyridine solution was added. To that 1 ml of sodium 

nitroprusside was added and to that few drops of 10% sodium hydroxide solution 

was added. Formation of either deep blood red or pink color denotes the presence 

of glycoside. 

 Borntrager’s Test 

To 3 ml of filtrate few drops of diluted sulphuric acid was added, boiled for about 

5 minutes and then filtered. To the filtrate equal volume of benzene was added and 
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shaken well. After that organic layer was separated out, ammonia was added. If 

pink to red color was produced in ammoniacal layer then the presence of 

anthraquinone glycosides was confirmed. 

 10 ml of sulphuric acid was added to 1 ml of filtrate and heated for 15 minutes. It 

was allowed to cool and then 5 ml of Fehling’s A and 5 ml of Fehling’s B solution 

were added to it and boiled for 15 minutes. Formation of red precipitates confirms 

the presence of glycosides. 

 
3.8.5 Test for saponin 

 
 

 Foam Test 

The extract was diluted with 20 ml of distilled water and continuously shaken for 

15 minutes. Upon shaking if there is a formation of persistent thick foam then it  

will indicate the presence of saponins. 

 Equal quantities of Fehling’s A and Fehling’s B solution were added to the plant 

extract and the resulting solution was heated. Brick red precipitates will indicate 

the presence of saponins. 

 
3.8.6 Test for Flavonoids 

 
 

 Shinoda Test 

To 2 ml of extract, few fragments of magnesium metal were added. To this drop by 

drop concentrated hydrochloric acid was added. Formation of red color indicates 

positive result. 

 Alkaline reaction Test 

The extract was treated with 2 ml of 2% sodium hydroxide solution. Formation of 

intense yellow color which becomes colorless upon addition of diluted 

Hydrochloric acid confirms the presence of flavonoids. 

 To 1 ml of plant extract, few drops of 10% lead acetate solution were added. 

Formation of yellow color precipitates will indicate the presence of flavonoids. 
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3.8.7 Test for Alkaloids 

 
 

Sample preparation: 500 mg of plant extract was weighed and dissolved in 20 ml of 1% 

HCl, filtered and following tests were performed. 

 
 Dragendroff’s Test 

To 1 ml of filtrate, 1-2 drops of Dragendroff’s reagent was added. Formation of 

orange red precipitates with turbidity denotes the presence of alkaloids. 

 Mayer’s Test 

2 ml of filtrate was taken and few drops of Mayer’s reagent were added to it. 

Creamy white precipitates will indicate the presence of alkaloids. 

 Hager’s Test 

2 ml of filtrate was taken and few drops of Hager’s reagent were added to it. 

Yellow precipitates signify the positive result. 

 Wagner’s Test 

2 ml of filtrate was taken and few drops of Wagner’s reagent were added to it. 

Formation of reddish brown precipitates indicates a positive result. 

 
3.8.8 Test for Tannins and Phenols 

 
 

Sample preparation: 100 mg of plant extract was dissolved in 10 ml of distilled water 

and filtered for further use. 

 
 Potassium dichromate test 

Formation of brown precipitates, upon addition of 5% potassium dichromate 

solution to the above filtrate indicate positive test. 

 5% FeCl3 Test 

To 2 ml of above filtrate few drops of 5% FeCl3 was added. Hydrolyzed tannins 

give blue black precipitates, whereas condensed tannins give brownish green 

precipitates. 

 To 1 ml of filtrate, 1 ml of 10% freshly prepared solution of potassium hydroxide 

was added. White precipitates confirm the presence of tannins. 
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3.9 Quantitative analysis of plant extracts 

 
 

3.9.1 Total alkaloid content 

 
 

The nitrogen atom present in alkaloid forms strong ionic bond with the complex 

compounds present in Dragendroff’s Reagent and gets precipitated. This principle was 

used to determine total alkaloid content of the plant extract by colorimetric method using 

UV-Visible spectrophotometer (Shimadzu) and in house method with some modifications 

into the standard method (229). 

 
Preparation of 1% Sodium sulphide solution: 1gm of accurately weighed sodium 

disulphide was diluted in 100 ml of distilled water. 

Preparation of 3% Thiourea solution: 3 gm of thiourea was transferred to 100 ml 

volumetric flask and dissolved upto the mark with distilled water. 

Preparation of Berberine standard stock solution (1mg/ml): 10 mg of Berberine was 

accurately weighed and transferred to a 10 ml volumetric flask. About 5 ml of distilled 

water was added to it and sonicated to dissolve. Once dissolved, the volume was made 

upto the mark with distilled water. 

 
Sample Preparation: 5g of powdered plant material was extracted with 25ml of 2% 

methanolic acetic acid for 1.5 hours in a soxhlet apparatus. Then the extracts were diluted 

further to 50 ml with 2% methanolic acetic acid. 5 ml of extracts were taken in graduated 

glass cylinder and to that 2 ml of Dragendroff’s Reagent was added and centrifuged. After 

centrifugation, the precipitates were washed with methanol and further treated with 2 ml 

of sodium sulphide solution. After that, the precipitates were further dissolved in 2 ml of 

concentrated nitric acid with warming and diluted further to 10 ml with distilled water. 

From this 1 ml was pipetted out and 5 ml of 3% thiourea solution was added to it. 

Absorbance was measured at 435 nm against blank containing nitric acid and thiourea. 

Same way, calibration curve of the standard Berberine was generated and calculations 

were carried out to determine the total alkaloid content. 
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Calculation: once calibration curve of standard Berberine was generated, y=mx+c will be 

derived in which 

 y = Absorbance of sample extract 

 m = slope 

 c = concentration of standard 

 x = concentration of test in ug/ml 

 

cV × DF 

Total Alkaloid content (C) = ------------ 

M 

 
Where, c = concentration obtained above in ug/ml 

V = volume of extract used 

DF = Dilution Factor 

M = mass of the extract used 

 
 

Final results were expressed as mg of Berberine equivalents per gm of dry weight. 

(mgBE/g DW) 

 
3.9.2 Total flavonoids content 

 
 

Aluminium chloride complex forming colorimetric method was used with some in house 

alterations to determine the total flavonoids content of the plant extract (230). 

 
Preparation of 2% Aluminium chloride: 2 gm of aluminium chloride was dissolved in 

100 ml of methanol. 

Preparation of Quercetin standard stock solution (1mg/ml): 10 mg of Quercetin was 

accurately weighed and dissolved in 10 ml of methanol. 

 
Sample Preparation: 100 mg of plant extract was accurately weighed and dissolved in 

100 ml of methanol. From that, 2 ml was taken out in a graduated glass cylinder. 2 ml of 

% aluminium chloride was added to that and allowed to stand for 10 minutes. After 10 

minutes absorbance was taken at 430nm. Similarly calibration curve of standard Quercetin 

was constructed against blank and flavonoids content of plant extract was expressed as mg 



Chapter 3 Materials and methods 

57 

 

 

quercetin equivalents per gram of dry weight. (mgQE/g DW) 

 
 

Calculation: once calibration curve of standard quercetin was generated, y=mx+c will be 

derived in which 

 y = Absorbance of sample extract 

 m = slope 

 c = concentration of standard 

 x = concentration of test in ug/ml 

 

cV × DF 

Total Flavonoids Content (C) = ------------ 

M 

 
Where, c = concentration obtained above in ug/ml 

V = volume of extract used 

DF = Dilution factor 

m = mass of the extract used in gm 

 
 

Final results were expressed as mg of Quercetin equivalents per gm of dry weight. 

(mgQE/g DW) 

 
3.9.3 Total Phenol content 

 
 

The total phenolic content of plant extracts was determined using Folin Ciocalteu Method 

by using Gallic acid as standard (231). 

 
Preparation of 10% FCR: 12.4 ml of 2 N FCR was transferred to a 100 ml volumetric 

flask and to that 87.6 ml of double distilled water was added. 

Preparation of 20% Na2CO3: 20 gm sodium carbonate was accurately weighed and 

dissolved in 100 ml of double distilled water. 

Preparation of standard Gallic acid stock solution (1mg/ml): 10 mg of Gallic acid was 

accurately weighed and dissolved 10 ml of distilled water. 



Chapter 3 Materials and methods 

58 

 

 

Sample preparation (1mg/ml): 100 mg of plant extracts were taken and dissolved into 50 

ml of double distilled water and 50 ml of methanol. From this 0.5 ml of extract was taken 

in a glass volumetric cylinder (10ml) and to that 1.5 ml of 10% FCR was added and kept 

in dark for 10 minutes. Then 1.5 ml of sodium carbonate was added and the volume was 

made upto the mark and again kept in dark for 2 hours. FCR is a redox reagent to which 

phenolic compounds present in plant extracts will react and form blue colored complexes 

which can be quantified using UV-Visible spectrophotometer. After 2 hours absorbance 

was taken at 760 nm in triplicates. In same manner a calibration curve of standard Gallic 

acid was generated using 0, 50, 100, 150, 200 and 250 μg/ml concentrations of standard 

against blank. 

 
Calculation: once calibration curve of standard quercetin was generated, y=mx+c will be 

derived in which 

 y = Absorbance of sample extract 

 m = slope 

 c = concentration of standard 

 x = concentration of test in ug/ml 

 

cV × DF 

Total Phenol Content (C) = ------------ 

M 

 
Where, c = concentration obtained above in ug/ml 

V = volume of extract used 

DF = Dilution Factor 

m = mass of the extract used 

 
 

Total phenolic content values will be express as mg Gallic acid equivalents per gram of 

dry weight. (mgGAE/g DW). 

 
3.9.4 Total Tannin content 

 
 

The total tannin content of plant extracts was determined using Folin Ciocalteu Method 

with a slight modification (231). Gallic acid was used as a standard. 
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Preparation of 10% FCR: 12.4 ml of 2 N FCR is transferred to a 100 ml volumetric 

flask and to that 87.6 ml of double distilled water was added. 

Preparation of 35% Na2CO3: 35 gm sodium carbonate was accurately weighed and 

dissolved in 100 ml of double distilled water. 

Preparation of standard Gallic acid stock solution (1mg/ml): 10 mg of Gallic acid was 

accurately weighed and dissolved 10 ml of distilled water. 

 
Sample preparation (1mg/ml): 100 mg of plant extracts were taken and dissolved into 50 

ml of distilled water and 50 ml of methanol. From this 1 ml was taken out in a glass 

volumetric cylinder (10 ml) and to that 0.5 ml of 10% FCR and 1 ml of sodium carbonate 

solution was added. The volume was made upto 10 ml. The mixture was shaken and kept 

at room temperature for 30 minutes. After 30 minutes, the absorbance was taken at 

725nm. Similarly, calibration curve for standard Gallic acid was also generated for 0, 50, 

100, 150, 200, 250 μg/ml concentrations against blank and calculations were made for 

total tannin content as Gallic acid equivalents per gram of dry weight. (mgGAE/g DW). 

 
Calculation: once calibration curve of standard quercetin was generated, Y=mx+c will be 

derived in which 

 Y = Absorbance of sample extract 

 m = slope 

 c = concentration of standard 

 x = concentration of test in ug/ml 

 

cV × DF 

Total Tannin Content (C) = ------------ 

M 

 
Where, c = concentration obtained above in ug/ml 

V = volume of extract used 

DF = Dilution Factor 

m = mass of the extract used 
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3.10 In vivo Animal models 

 
 

3.10.1 Carboplatin Induced Thrombocytopenia 

 
 

3.10.1.1 Animals 

 
 

Healthy and adult (8 to 10 weeks old), hundred female Swiss albino mice were selected 

initially and acclimatized for a period of a week at least before initiating the study 

protocol. All the animals were housed in animal house facility (Accuprec Research Labs. 

Pvt. Ltd., Ahmedabad, India) in standard conditions (232) which includes 12 hours of dark 

and 12 hours of light in 24 hour cycle, 30% – 70% RH (Relative Humidity), 22 ± 3° C 

temperature range in clean and sterilized cages with not more than 6 mice in one cage. All 

animals were fed with standard pellet diet and RO water ad libitum in polypropylene water 

bottles with MS spout. At the end of the acclimatization period, 72 female mice were 

selected based on their body weight and physical status. The entire study protocol was 

conducted as per the guidelines set by Committee for the Purpose of Control and 

Supervision of Experiments on Animals (CPCSEA), New Delhi, India (Registration no. 

1709/PO/Rc/S/13/CPCSEA.). Everything related to the study protocol (procedure, 

equipments, drugs and chemicals used, parameter evaluation) was reviewed, monitored 

and approval of IAEC (ARL/PT/749/2019) was obtained before the study was begun. 

 
3.10.1.2 Preparation of different batches of plant extracts 

 
 

All the three plant extracts were combined in different permutations and combinations 

using Latin sequence of randomization as follows. 
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TABLE 3.2: Details of different batches of polyherbal formulation 
 

Polyherbal Formulation Batch size: 12gm/batch 

Ingredients  
T 01 T 02 T 03 T 04 T 05 T 06 T 07 

 
Carica Papaya 

Extract (C) 

Percentage 

(%) 
33.33 50 25 25 70 15 15 

Qty /12 gm 

Powder 
4 6 3 3 8.4 1.8 1.8 

Azadirachta 

indica 

Extract (N) 

Percentage 

(%) 
33.33 25 50 25 15 70 15 

Qty /12 gm 

Powder 
4 3 6 3 1.8 8.4 1.8 

Andrographis 

paniculata 

Extract (K) 

Percentage 

(%) 
33.33 25 25 50 15 15 70 

Qty /12 gm 

Powder 
4 3 3 6 1.8 1.8 8.4 

 

 

TOTAL 

Percentage 

(%) 
100 100 100 100 100 100 100 

Total 

Quantity of 

Powder 

 
12 

 
12 

 
12 

 
12 

 
12 

 
12 

 
12 

 

 

 
3.10.1.3 Grouping and Treatment 

 
 

At the conclusion of the acclimatization period, 72 healthy female Swiss mice were 

divided into 12 groups (each group comprised of six mice). Following that, 

thrombocytopenia was induced and treatment began immediately and was continued for 

21 days, as indicated in Table. 
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TABLE 3.3: Grouping and treatment details of animals (Carboplatin Induced thrombocytopenia) 
 

Sr. No. Group 
No. of 

animals 
Dose Concentration (mg/kg) 

1 G1 6 Normal Control, NC (CMC 0.5%) 

2 G2 6 Disease Control, DC (Carboplatin 125 mg/kg ip.) 

3 G3 6 
T 01 (300 mg/kg, p.o.) 

Equal proportion (33.33% of all the three extracts) 

4 G4 6 T 02 (300 mg/kg, p.o.) (C:N:K in ratio of 50,25,25%) 

5 G5 6 T 03 (300 mg/kg, p.o.) (C:N:K in ratio of 25,50,25%) 

6 G6 6 T 04 (300 mg/kg, p.o.) (C:N:K in ratio of 25,25,50%) 

7 G7 6 T 05 (300 mg/kg, p.o.) (C:N:K in ratio of70,15,15%) 

8 G8 6 T 06 (300 mg/kg, p.o.) (C:N:K in ratio of 15,70,15%) 

9 G9 6 T 07 (300 mg/kg, p.o.) (C:N:K in ratio of 15,15,70%) 

10 G10 6 T 08 (500 mg/kg, p.o.), C extract 

11 G11 6 T 09 (200 mg/kg, p.o.), N extract 

12 G12 6 T 10 (200 mg/kg, p.o.), K extract 

 

Grouping of animals into control and treatment group. Where CMC = Carboxymethyl Cellulose, T 

= treatment group. C = Carica papaya extract, N = Azadirachta indica (Neem) extract, K = 

Andrographis paniculata (Kalmegh) extract. In this protocol, with this permutations and 

combinations we have made the batch size of 12 gm and all the extracts were weighed and 

combined accordingly. 

 
3.10.1.4 Induction of Thrombocytopenia 

 
 

Thrombocytopenia was induced by a single intraperitoneal injection of Carboplatin (125 

mg/kg of body weight, Fresenius Kabi Oncology Ltd.) on the same day when the grouping 

was done (DAY -1 ) followed by which the treatments were initiated and continued further 

for 21 days (91, 143). 
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3.10.1.5 Evaluation parameters 

 
 

3.10.1.5.1 Blood sampling and complete blood count (CBC) 

 
 

Animals were bled under light ether anesthesia to collect the blood by retro orbital plexus 

puncture method on day 1 (before the induction of thrombocytopenia) and then on day 3, 

7, 14 and in the end (day 21) in sterile K3-EDTA (Ethylenediaminetetraacetic acid) 

containing tubes. Collected blood samples were centrifuged at 4000 rpm for 10 min, 

plasma was separated for the determination of CBC using automated blood cell analyzer 

(Nihon kohden, MEK-6420p). 

 
3.10.1.5.2 Bleeding time 

 
 

Bleeding time of all the experimental animals was determined on Day 1 (before the 

induction of thrombocytopenia) and then on day 3, 7, 14 and in the end (day 21). The tail 

of anaesthetized animal was marked 1mm from the end and an incision was made using 

sterile blade. The resulting blood was blotted on a clean filter paper at the interval of 30 

seconds till the bleeding stopped and no blood was blotted on filter paper. The time 

required for the blood to stop completely from coming out of the wound was noted in 

seconds (233). 

 
3.10.1.5.3 Clotting Time 

 
 

Clotting time of all the experimental animals was determined using capillary glass method 

(234) on Day 1 (before the induction of thrombocytopenia) and then on day 3, 7, 14 and in 

the end (day 21). While the blood was being collected to determine CBC, at the same time 

free flowing blood was also collected in a glass capillary tube. At the interval of every 30 

seconds a small part of the tube was broken off to check the formation of clot till the fine 

thread of the clot was observed and that time was noted in seconds. 

 
3.10.1.5.4 Body weight 

 
 

Body weight of all the experimental animals was recorded on Day 1 (before the induction 

of thrombocytopenia) and then on day 3, 7, 14 and in the end (day 21). 
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3.10.1.5.5 Other parameters 

 
 

Animals were monitored morning and evening in a day for any signs of illness or 

mortality and they were daily examined for their skin to see hemorrhagic manifestations 

like rashes or change in skin color. 

 
3.10.2 Fixed volume bleed out Hemorrhagic Shock (HS) model in Rats 

 
 

3.10.2.1 Animals 

 
 

Healthy and adult (8 to 10 weeks old), fifty male and fifty female wistar rats, weighing 

230 – 240 gm were procured from VAB biosciences, Hyderabad and acclimatized for a 

period of a week at least before initiating the study protocol. All the animals were housed 

in animal house facility (Accuprec Research Labs. Pvt. Ltd., Ahmedabad, India) in 

standard conditions which includes 12 hours of dark and 12 hours of light in 24 hour 

cycle, 30% – 70% RH, 22 ± 3° C temperature range in clean and sterilized cages with not 

more than 3 rats in one cage. All animals were fed with standard pellet diet and provided 

with RO water ad libitum in polypropylene water bottles with MS spout. The entire study 

protocol was conducted as per the guidelines set by Committee for the Purpose of Control 

and Supervision of Experiments on Animals (CPCSEA), New Delhi, India (Registration 

no. 1709/PO/Rc/S/13/CPCSEA.). Everything related to the study protocol (procedure, 

equipments, drugs and chemicals used, parameter evaluation) was reviewed, monitored 

and the approval of IEAC (ARL/PT/1082/2019) was obtained before the study was begun. 

 
3.10.2.2 Grouping and Treatment 

 
 

At the end of the acclimatization period forty eight male and forty eight female rats were 

selected and grouped into 8 different groups (6male and 6 female into each group) based 

on their body weight. After grouping treatments were initiated on the same day once in a 

day by oral route and continued for 14 days as follows. 
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TABLE 3.4: Grouping and treatment details of animals (Fixed volume bleed out model of HS) 

 

 

 
Group 

No. of 

animals 

 
Group Type 

 
Treatment 

Male Female 

G1 6 6 
No hemorrhage, normal 

control (NC) 
CMC 1% 

G2 6 6 
Disease Control (DC) sub 

lethal (40% blood removal) 
No treatment 

 
G3 

 
6 

 
6 

Disease Control (DC) 

lethal(60% blood removal) 

to check survival 

 
No treatment 

G4 6 6 
Sub lethal hemorrhage with 

treatment 

Carica Papaya (C) extract (500 

mg/kg) 

G5 6 6 
Sub lethal hemorrhage with 

treatment 

Azadirachta Indica (N) extract 

(200 mg/kg) 

G6 6 6 
Sub lethal hemorrhage with 

treatment 

Andrographis Paniculata (K) 

extract (200 mg/kg) 

G7 6 6 
Sub lethal hemorrhage with 

treatment 

Equal (33.33%) of all the three 

extracts (C,N,K) (300 mg/kg) 

G8 6 6 
Sub lethal hemorrhage with 

treatment 

Equal (33.33%) of all the three 

extracts (C,N,K) (500 mg/kg) 

 

Where p.o= per oral route, CMC = Carboxymethyl cellulose, C = Carica Papaya extract, N = 

Neem (Azadirachta Indica) extract, K= Kalmegh (Andrographis Paniculata) extract. DC: Disease 

control, NC: Normal Control. 

 

3.10.2.3 Induction of Hemorrhagic Shock condition in rats 

 
 

Treatment as shown (Table 3.4) was first continued for 14 days and then hemorrhagic 

shock condition was induced in all experimental animals except the animals in NC group. 

In order to induce HS condition, the animals were first anaesthetized using isoflurane, 5% 

given initially to induce anesthesia and then 1% to sustain in air by inhalation. After that, a 

predetermined percentage of blood (40% of Estimated Blood Volume (EBV) for all the 
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groups and 60% of EBV for G3) was removed slowly and gradually over a period of 5 

minutes and 10 minutes respectively by retro orbital plexus puncture method. EBV is 

dependent on body weight of the animal, so it was calculated individually for all animals 

prior anesthesia using the equation: weight (g) × 0.06 (ml/g) + 0.77. (232, 235) the reason 

for inducing two different level of hemorrhage 40% (sub lethal) and 60% (lethal) is to 

check the survival of animals when lethal form of hemorrhage was induced. After blood 

has been withdrawn, animals were kept as it is with careful monitoring for one hour and 

kept unsuscitated. Then they were resuscitated with ringer’s lactate solution (twice the 

amount of bloodshed). After HS was induced, treatments were continued further for a 

period of 7 days. 

 
3.10.2.4 Evaluation parameters 

 
 

3.10.2.4.1 Blood collection and Complete Blood Count (CBC) 

 
 

The amount of blood that has been withdrawn to induce the hemorrhage at the end of the 

14 days of treatment, was used further for parameter evaluation for ‘0’ hour (before the 

HS has been induced). Apart from that, blood collection was done at the interval of 3 hour, 

24 hour, 72 hour and then at the termination of study i.e. 7 days into normal sterile 

centrifuge tubes and also in tubes containing K3-EDTA. For all time points, the blood that 

has been collected in EDTA containing tubes were immediately centrifuged at 4000 rpm 

for 10 min and plasma were separated. Blood collected in other tubes was allowed to clot 

at room temperature for 30 minutes and then centrifuged at 3000 rpm for 20 minutes and 

serum was separated. Collected serum and plasma were stored until further use. 

Automated blood cell analyzer (Nihon kohden, MEK-6420p) was used for the 

determination of CBC. 

 
3.10.2.4.2 Serum lactate and bicarbonate levels. 

They were measured at two time points: 3 hour post HS and in the end using radiometer 

(ABL 800 FLEX). 
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3.10.2.4.3 Serum Sodium level 

 
 

Kit manufacturer: Accucare, Lab-Care Diagnostics India Pvt. Ltd., India. 

 
 

Principle of assay: 

The present method is based on reaction of sodium with a selective chromogen 

(phosphonazo III) changing a color from violet to blue by producing the chromophore in 

the presence of chelating agent whose absorbance varies directly as the concentration of 

sodium in the test specimen. 

 
Procedure: All the reagents provided in the kit are in ready to use format. Solutions were 

pipetted out into test tubes as follows: 

 Blank Standard Test 

Color Reagent 1000 μl 1000 μl 1000 μl 

Standard - 10 μl - 

Serum - - 10 μl 

 
They were mixed properly and incubated at Room Temperature for 5 minutes. After 5 

minutes, the absorbance of test sample (AT) and standard (AS) was measured at 630 nm 

against blank and calculations were made as follows: 

 
Sodium (mmol/L) = AT/AS * concentration of Standard (150 mmol/L) 

 
 

3.10.2.4.4 Serum Glucose level 

 
 

Kit manufacturer: Erba, Transasia Bio-medicals Ltd., Baddi, Solan, India. 

 
 

Principle of assay: 

Glucose was determined after enzymatic oxidation in the presence of glucose oxidase. The 

hydrogen peroxide produced, reacts catalyzed by peroxidase, with phenol and 4- 

aminophenazone to form a red – violet quinoneimine dye as an indicator. The intensity of 

the final color is directly proportional to the glucose concentration in sample and that is 

measured at 505 nm. 
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Reaction Principle: 

Glucose + O2 + H2O      GOD        Gluconic Acid + H2O2 

2 H2O2 + 4-aminophenazone + Phenol    POD        Quinoneimine dye + 4 H2O 

 

Procedure: All the reagents provided in the kit are in ready to use format. Solutions were 

pipetted out into the test tubes as follows: 

 Blank Standard Test 

Test sample serum --  10 μl 

Standard - 10 μl - 

Enzyme Reagent 1000 μl 1000 μl 1000 μl 

 
They were mixed properly and incubated at Room Temperature for 10 minutes. After 10 

minutes, the absorbance of test sample (AT) and standard (AS) was measured at 505 nm 

against blank and calculations were made as per the following equation. 

 
Glucose (mg/dl) = AT/AS * concentration of Standard (100 mg/dl) 

 
 

3.10.2.4.5 Serum NF-ƘB level 

 
 

ELISA Kit manufacturer: Kinesis Do, CA, USA (K11-5141, Rat NF-ƘB) 

 
 

Principle of assay: 

The Rat Nuclear Factor Kappa B ELISA is sandwich enzyme-linked immuosorbent assay 

(ELISA) to determine the level of Rat NF-ƘB in a given sample. Standards or test samples 

are added to the 96 well micro titer plate, pre-coated with Rat NF-ƘB monoclonal 

antibody which captures the NF-ƘB antigen present in the sample. Then Biotinylated Rat 

NF-ƘB antibody is added to the plate forms the complex with the captured NF-ƘB 

molecules. Subsequently streptavidin – HRP conjugate is added and plate is incubated 

followed by washing with TMB substrate A and B. blue color develops on incubation and 

then the reaction is stopped by adding stop solution which forms a yellow color. The 

concentration of Rat NF-ƘB in the sample is directly proportional to the intensity of 

yellow color developed in the wells. 
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Procedure: 

All reagents were brought to the room temperature prior to use. Each well, pre coated with 

Rat NF-ƘB antibody was washed with 300 l of wash buffer (30X, diluted to 1x) three 

times. Different concentrations of standards were prepared using the standard diluents 

provided with the kit. 50 l of standard and 40 l of test samples were pipetted into 

respective wells. 10 l of Biotinylated Rat NF-ƘB antibody was added to each sample 

well. Then, 50 l of HRP conjugate was added to each of the standard and sample well. 

The plate was covered and incubated at 37° C for 1 hour in an incubator. After one hour, 

the plate was aspirated and washed 4 times with 1X wash buffer and then tapped off on an 

absorbent paper. Any remaining residues were wiped off as it may interfere with the 

reading. 50 l of TMB substrate A and 50 l of TMB substrate B solution was added to 

each well and gently mixed. Again, the plate was incubated at 37° C for 10 minutes in 

dark. Finally 50 μl of stop solution was added to each well and absorbance was measured 

at 450 nm within 15 minutes after adding stop solution. Zero standard (standard Diluent) 

was taken as blank for net absorbance. 

 
Calculation: 

The standard plot and unknown sample concentration was calculated by nonlinear 

regression (sigmoidal fit) using graph pad prism software. 

 
3.10.2.4.6 Serum IL-6 level 

 
 

ELISA Kit manufacturer: Krishgen Biosystems (KB3068 Ver 5.0, Rat IL-6 GENLISA 

 
 

Principle of assay: 

The principle of this assay is sandwiched ELISA. It depends on binding of IL-6 antigen 

present in the standard or sample with the Rat IL-6 monoclonal antibodies pre-coated on 

the 96 well microtitre plate and then forming a complex with Biotinylated Rat IL-6 

antibody. The step is followed by washing out of any unbound material from the sample 

and then the addition of diluted streptavidin horseradish peroxidase which binds with the 

immobilized Biotinylated antibodies. Again washing and then addition of TMB substrate 

will result in development of bluish color upon incubation. The reaction will be stopped 

by adding stop solution which will result in change in color from blue to yellow, the 
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intensity of which is directly proportional to the amount of IL-6 present in the sample. 

 
 

Procedure: 

All reagents were brought to the room temperature prior to use and they were prepared as 

per the instructions provided in the kit by the manufacturer. Similarly, as per the 

instructions 9 l of original standard (440 ng/ml) was diluted with 991 l of assay diluents 

provided in the kit to form a stock solution of 4000pg/ml. This solution was kept for 15 

minutes with gentle shaking before making any further dilutions. After that different 

concentrations of standards were prepared to generate the calibration curve in which the 

assay Diluent will serve as the zero standard. 100 l of samples or standards were added to 

respective wells and then 50 l of diluted biotin conjugated detection antibody solution 

was added. The plate was covered and incubated for 2 hours at 37° C. At the end of 2 

hours, plate was aspirated and washed with 300 l of wash buffer (1X) five times. Any 

remaining residues were blotted on an absorbent paper and 100 l of diluted streptavidin- 

HRP solution was added. Again the plate was sealed and incubated at 37° C for 30 

minutes. At the end of the incubation period, the plates were washed with the wash buffer 

and for the final washing the wells were soaked with wash buffer for 30 seconds to one 

minute to minimize the background noise. To the washed plates 100 l of TMB substrate 

solution was added and the plates were incubated for 15 to 20 minutes at 37° C in dark. At 

the end of this incubation period development of bluish color has been seen. At this point 

100 l of stop solution was added which will turn the blue color into the yellow one. The 

absorbance was read at 450 nm within 30 minutes of adding the stop solution. 

 
Calculation: 

The standard plot and unknown sample concentration was calculated by nonlinear 

regression (sigmoidal fit) using graph pad prism software. 

 
3.10.2.4.7 Plasma Vasopressin level 

 
 

ELISA Kit manufacturer: Krishgen Biosystems (KLR0385 ver 2.0, Rat Vasopressin 

GENLISA) 
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Principle of assay: 

The method employs sandwich ELISA technique. Anti vasopressin (VP) monoclonal 

antibodies are pre coated on micro titer wells to which rat VP present in the sample will 

bind. Biotin labeled antibodies will be added then followed by streptavidin- HRP and 

incubated to form a complex. Then washing of plate will remove any non specific binding 

from the well and TMB substare solution was added to develop the color. Once the color 

has been developed, the stop solution is used to stop the reaction further which will change 

the color also from blue to yellow, the intensity of which is exactly proportional to the 

amount of vasopressin present in the sample. 

 
Procedure: 

All reagents were brought to the room temperature prior to use. All the reagents were 

diluted and prepared as per the instructions given in the manual and similarly different 

concentration of standards were also prepared as per the given instructions to generate the 

calibration curve. 50 l of standards were added to respective wells and 40 l of samples 

were added to respective wells. To sample wells only, 10 l of Biotinylated rat VP 

antibody was added. 50 l of streptavidin – HRP conjugate was added to sample and 

standard wells. Then the plate was sealed and incubated for one hour at 37° C. The wells 

were then aspirated and washed with 300 l of wash buffer (1X) four times and any 

residuals were blotted on absorbent paper. 50 l of substrate A and 50 l of substrate B 

solutions were added to the wells and again incubation was done at 37° C for 10 minutes 

in dark without shaking. Positive results were indicated by the development of blue color 

which was then stopped by adding 50 l of stop solution. The developed blue color was 

also turned yellow and the absorbance was measured at 450 nm. 

 
Calculation: 

The standard plot and unknown sample concentration was calculated by nonlinear 

regression (sigmoidal fit) using graph pad prism software. 

 
3.10.2.4.8 Rectal Temperature 

It was recorded before the induction of hemorrhage and at the end of the treatment period 

of 14 days and then 3 hour, 24 hour, 72 hour and 7 days post hemorrhagic shock. 
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3.10.2.4.9 Body weight 

Body weight of all animals was recorded before the induction of hemorrhage and at the 

end of the treatment period of 14 days and then 3 hour, 24 hour, 72 hour and 7 days post 

hemorrhagic shock. 

 
3.10.3 Statistical analysis: 

All the data have been presented as mean ± standard error of the mean (S.E.M.). The data 

generated from study were analyzed by using Graph pad prism software. Statistical 

analysis of different parameters was performed using one-way Analysis of Variance 

(ANOVA) followed by Dunnett’s Multiple Comparison test or two-way Analysis of 

Variance (ANOVA) followed by Bonferroni post test which ever applicable. Values of P 

< 0.05*, 0.01**, 0.001***, and 0.0001**** were considered statistically significant. 
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CHAPTER-4 

 
Results 

 

 

 

4.1 Plant extracts analysis 

 
 

4.1.1 Determination of percentage yield of plant extracts 

TABLE 4.1: Percentage yield of plant extracts. 
 

Extract % yield 

Andrographis paniculata 14 % 

Azadirachta indica 21.89 % 

Carica papaya 14.18 % 

 

4.1.2 Description of plant extracts 

TABLE 4.2: Description of plant extracts. 
 

Extract Color Odor Taste 

Andrographis paniculata Dark green Characteristic Bitter 

Azadirachta indica Brown Characteristic Bitter 

Carica papaya Brown Characteristic Bitter 

 

4.1.3 pH of plant extracts 

TABLE 4.3: pH of plant extracts. 
 

Extract pH 

Andrographis paniculata 6.9 

Azadirachta indica 5.30 

Carica papaya 5.28 
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4.1.4 Ash values of plant extracts 

TABLE 4.4: Ash values of plant extracts. 
 

Extract Total Ash (%) Acid insoluble Ash (%) 

Andrographis paniculata 6.87 % 0.55 % 

Azadirachta indica 9.34 % 0.42 % 

Carica papaya 17.49 % 0.83 % 

 

4.1.5 Extractive values of plant extracts 

TABLE 4.5: Extractive values of plant extracts 
 

Extract 
Water soluble extractive 

(%) 

Alcohol soluble 

extractive (%) 

Andrographis paniculata 22.34 % 16.64 % 

Azadirachta indica 26.04 % 8.22 % 

Carica papaya 23.32 % 10.06 % 

 

4.1.6 Loss on Drying (LOD) of plant extracts 

TABLE 4.6: Loss on Drying (LOD) values of plant extracts 
 

Extract Loss on Drying (%) 

Andrographis paniculata 6.60 % 

Azadirachta indica 9.5 % 

Carica papaya 14 % 

 

4.1.7 Thin Layer Chromatography (TLC) 

4.1.7.1 Andrographis Paniculata extract 

Stationary phase: silica gel 60 F254 

Mobile phase: Chloroform: Methanol: Ethyl acetate (7:2:1) 
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FIGURE 4.1: chromatographic Plates after development (Andrographis paniculata extract) (A) after 

treating with Anisaldehyde sulphuric acid as spraying agent and heating at 100º C for 5 minutes (B) In day 

light, after placing the plate in iodine chamber (C) At 365 nm (D) At 254 nm (E) standard andrographolide 

ran with sample plant extract. All plates were run in mobile phase Chloroform: Methanol: Ethyl acetate 

(7:2:1). 

 
Rƒ values: 

0.37 is the Rƒ value of standard andrographolide when ran in mobile phase Chloroform: 

Methanol: Ethyl acetate (7:2:1) which is exactly matched when standard and our extract 

sample ran together. Other Rƒ values obtained with respective spots are as follows. 

 
TABLE 4.7: Rf values of methanolic extract of Andrographis paniculata. 

 

 

 

 
 

4.1.7.2 Azadirachta Indica extract 

Stationary phase: Silica gel 60 F254 

Mobile phase: Methanol: Toluene (8:2) 

Hexane: Ethyl acetate (1:1) 

Mobile phase Rf values 

Chloroform : Methanol : ethyl acetate 

(7:2:1) 

0.09, 0.23, 0.37, 0.49, 0.72, 0.83, 

0.92, 0.98 

 

A B C D E 
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FIGURE 4.2: chromatographic Plates after development (Azadirachta Indica extract) (A) At 365 nm (B) At 

254 nm (C) In day light (D) In day light, after placing the plate in iodine chamber. All plates were developed 

in Methanol: Toluene (8:2) mobile phase. 

 

 

 
FIGURE 4.3: chromatographic Plates after development (Azadirachta Indica extract) (A) At 365 nm (B) At 

254 nm (C) after treating with Anisaldehyde sulphuric acid as spraying agent and heating at 100º C for 5 

minutes. All plates were developed in Hexane: Ethyl acetate (1:1) mobile phase. 

D C B A 

A B C 
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Rƒ values: 

Rf value of standard Nimbin is 0.45, 0.51 and 0.09, 0.91 for mobile phases Methanol: 

Toluene (8:2) and Hexane: Ethyl acetate (1:1) respectively (236 - 238). 

 
TABLE 4.8: Rf values of aqueous extract of Azadirachta indica. 

 

 
 

 

 

 
 

4.1.7.3 Carica Papaya extract 

Stationary phase: silica gel 60 F254 

Mobile phase: Chloroform: Methanol (7:3) 
 

 
 

     

 
FIGURE 4.4: chromatographic Plates after development (Carica papaya extract)(A) At 365 nm (B) At 254 

nm (C) In day light, after placing the plate in iodine chamber (D) after treating with Anisaldehyde sulphuric 

acid as spraying agent and heating at 100º C for 5 minutes (E) standard quercetin ran with sample plant 

extract. All plates were run in Chloroform: Methanol (7:3) mobile phase. 

E D C B A 

Mobile phase Rf values 

Methanol: Toluene (8:2) 0.10, 0.20, 0.36, 0.45, 0.50, 0.64, 0.70, 0.83, 0.88 

Hexane: Ethyl acetate (1:1) 
0.09, 0.10, 0.12, 0.13, 0.16, 0.24, 0.26, 0.43, 0.46, 

0.55, 0.59, 0.62, 0.68, 0.70, 0.71 , 0.91 
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Rƒ values: 

0.81 is the Rƒ value of standard quercetin when ran in Chloroform: Methanol (7:3) mobile 

phase which is exactly matched when standard and our extract sample ran together. Other 

Rƒ values obtained with respective spots are as follows. 

 
TABLE 4.9: Rf values of aqueous extract of Carica papaya. 

 

Mobile phase Rf values 

Chloroform: Methanol (7:3) 
0.09, 0.10, 0.13, 0.17, 0.18, 0.38, 0.42, 0.58, 

0.62, 0.78, 0.81, 0.83, 0.92 

 

4.1.8 Determination of Heavy/Toxic metals 

TABLE 4.10: Concentration of heavy/toxic metals found in plant extracts. 
 

Extract Lead Mercury Arsenic Cadmium 

Andrographis 

paniculata 
10.89 ppm 0.2499 ppm 1.7 ppm 0.161 ppm 

Azadirachta indica 0.013 ppm 0.020 ppm 0.731 ppm 0.0123 ppm 

Carica papaya 1.464 ppm Not detected 1.21 ppm 0.0898 ppm 

 

4.1.9 Determination of microbial contamination 

It involves (1) Total bacterial count 

(2) Total fungal count calculation of plant extracts. 
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FIGURE 4.5: plates (A), (C) and (E) after incubation at 35° C for 5 days, where (A) Andrographis 

Paniculata extracts (C) Azadirachta Indica extract and (E) Carica Papaya extract for total bacterial count 

determination. Plates (B), (D) and (F) after incubation at 25° C for 5 days where (B) Andrographis 

Paniculata extracts (D) Azadirachta Indica extract and (F) Carica Papaya extract for total fungal count 
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determination. 

 
 

TABLE 4.11: Total bacterial count and total fungal count in plant extracts 
 

Extract 
Total Bacterial Count 

(CFU/gm) 

Total Fungal Count 

(CFU/gm) 

Andrographis paniculata 80 40 

Azadirachta indica 700 80 

Carica papaya 2960 40 

 

 

 
4.1.10 Phytochemical Analysis of plant extracts 

 
 

TABLE 4.12: Summary of phytochemical analysis of plant extract 
 

Sr. 

No. 
Chemical constituent RESULTS 

  Andrographis 

Paniculata 

extract 

Azadirachta 

Indica extract 
Carica Papaya 

extract 

1 Carbohydrates + + + 

2 Proteins and amino acids + + + 

3 Steroids + - - 

4 Glycosides + + + 

5 Saponins + + + 

6 Flavonoids + + + 

7 Alkaloids + + + 

8 Tannins and Phenols + + + 
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4.1.11 Quantitative Analysis of plant extracts 

 
 

4.1.11.1 Total alkaloid content 

 
 

At first, the calibration curve of standard alkaloid (Berberine) was generated as follows. 

 
 

TABLE 4.13: Absorbance of standard compound (Berberine) at 435 nm 
 

Sr. 

No. 

Concentration of 

standard Berberine 

(ug/ml) 

Mean absorbance 

(λmax) at 435 nm 

1 100 0.186 

2 150 0.275 

3 200 0.367 

4 250 0.462 

5 500 0.958 
 

 

 

 

 

 

 

 
 

 
FIGURE 4.6: Calibration curve of standard Berberine at 435 nm 

 
 

From the standard calibration curve of Berberine, regression equation y= mx + c was 

generated. Absorbance of test was then put into the equation and calculations were made 

by considering the volume of extract (V = 1 ml) and mass of the extract (M = 0.5g) used 

to determine the final concentration of alkaloid present in our extracts using the equation 

C = Cv×DF/M. The results were expressed as mg of Berberine equivalents per gm of dry 

weight. (mgBE/g DW). 
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TABLE 4.14: Total alkaloid content of plant extracts 
 

Extract 
Total Alkaloid content 

(mgBE/g DW) 

Andrographis Paniculata 30.29 ± 0.10 

Azadirachta Indica 30.09 ± 0.72 

Carica Papaya 15.40 ± 0.36 

 

4.1.11.2 Total flavonoids content 

 
 

Quercetin was used as a standard and its calibration curve was constructed first as follows. 

 

TABLE 4.15: Absorbance of standard compound (Quercetin) at 430 nm 
 

Sr. 

No. 

Concentration of 

standard Quercetin 
(ug/ml) 

Mean absorbance 

(λmax) at 430 nm 

1 5 0.107 

2 10 0.275 

3 15 0.35 

4 20 0.476 

5 30 0.707 

6 40 0.898 
 

 

 

 

 

 

 
 

 

 
FIGURE 4.7: Calibration curve of standard Quercetin at 430 nm 
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Total flavonoids content (TFC) was calculated using y = 0.02226x + 0.02354, regression 

equation. It was determined and expressed as mg of quercetin equivalents per g of dry 

weight of extract (mgQE/g DW) after considering the volume of extract (V = 2 ml) and 

mass of the extract (M = 0.1g) used in the assay. 

 
TABLE 4.16: Total flavonoids content of the plant extracts 

 

Extract 
Total Flavonoids 

content (mgQE/g DW) 

Andrographis Paniculata 29.60 ± 0.80 

Azadirachta Indica 27.08 ± 0.35 

Carica Papaya 36.01 ± 0.53 

 

4.1.11.3 Total phenolic content 

 
 

Calibration curve of standard (Gallic acid) was generated as follows for further 

calculations to determine the total phenolic content in our extracts. 

 
TABLE 4.17: Absorbance of standard compound (Gallic acid) at 760 nm 

 

Sr. 

No. 

Concentration of 

standard Gallic acid 

(ug/ml) 

Mean absorbance 

(λmax) at 760 nm 

1 20 0.256 

2 40 0.528 

3 60 0.723 

4 80 0.996 

5 100 1.222 
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FIGURE 4.8: Calibration curve of standard Gallic acid at 760 nm 

 

 

y = 0.01200x + 0.02500 regression equation was used for the calculation and total 

phenolic content was calculated using the volume of the extract ( 0.5 ml) and mass (0.1 g) 

of the extract used. 

 
TABLE 4.18: Total phenolic content of the plant extracts 

 

Extract 
Total Phenolic content 

(mgGAE/g DW) 

Andrographis paniculata 19.54 ± 0.12 

Azadirachta indica 21.62 ± 0.20 

Carica papaya 21.16 ± 1.3 

 

4.1.11.4 Total Tannin content 

 
 

Calibration curve of standard Gallic acid was generated as follows for further calculations 

to determine the total tannin content in our extracts. 
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TABLE 4.19: Absorbance of standard compound (Gallic acid) at 725 nm 
 

Sr. 

No. 

Concentration of 

standard Gallic acid 
(ug/ml) 

Mean absorbance 

(λmax) at 725 nm 

1 20 0.246 

2 40 0.548 

3 60 0.823 

4 80 1.006 

5 100 1.322 
 

 

 

 

 

 
 

 

 

 
 

 

FIGURE 4.9: Calibration curve of standard Gallic acid at 725 nm 

 
 

y = 0.01305x + 0.00600 regression equation was used to determine the concentration of 

unknown in sample and total tannin content was determined using the volume of the 

extract (1 ml) and mass (0.1 g) of the extract used. 
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TABLE 4.20: Total tannin content of the plant extracts 
 

Extract 
Total Tannin content 

(mgGAE/g DW) 

Andrographis paniculata 37.62 ± 0.00 

Azadirachta indica 39.61 ± 0.08 

Carica papaya 42.91 ± 0.5 

 

 
 

4.2 In-vivo animal models 

 
 

4.2.1 Carboplatin induced thrombocytopenia 

 
 

4.2.1.1 Complete Blood Count (CBC) 

 
 

4.2.1.1.1 Effect on platelet count 

 
 

In order to see the extent of thrombocytopenia throughout the course of study and in 

absence of treatment, the mean platelet count of NC group and DC group was compared. 

At the beginning of the experiment the average platelet count of NC and DC groups were 

almost the same, but on day 7 maximum extent of thrombocytopenia has been observed 

with a statistical significance of p<0.0001 (Table. 4.21). In absence of treatment, the mean 

platelet count in DC group remained lower throughout the study, whereas in treatment 

groups the platelet count was significantly increased with the highest effect was observed 

in G3 which has received the equal combination of our plant extracts with a statistical 

significance of p<0.001 followed by treatments with individual extracts papaya (p<0.001) 

and neem (p<0.001) and kalmegh (p<0.01) (Fig. 4.11). 
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1 2 3 4 5 

TABLE 4.21: Effect of oral dosing of herbal extracts for 21 days on platelet count in swiss albino mice 

(Day 1, 7, 14 and 21). 

Platelets (105/μl) 

Group Treatment Day 1 Day 7 Day 14 Day 21 

G1 Normal Control 8.88 ± 0.65 11.90 ± 0.66 10.15 ± 0.62 12.69 ± 0.58 

G2 Disease control 8.92 ± 0.68 3.94 ± 0.74 5.87 ± 1.57 6.27 ± 0.48 

G3 Equal (33.33%) 7.85 ± 0.52 4.48 ± 0.97 8.55 ± 0.49 13.62 ± 0.98 

G4 (C,N,K 50,25,25) 11.03 ± 1.08 5.41 ± 1.26 8.32 ± 0.71 12.30 ± 0.49 

G5 (C,N,K, 25,50,25) 7.96 ± 0.54 4.02 ± 0.59 9.85 ± 1.09 10.55 ± 1.47 

G6 (C,N,K, 25,25,50) 9.18 ± 0.73 6.39 ± 1.65 12.44 ± 2.16 14.03 ± 2.11 

G7 (C,N,K, 70,15,15) 8.90 ± 0.39 3.29 ± 0.33 9.15 ± 0.32 12.97 ± 1.70 

G8 (C,N,K, 15,70,15) 7.15 ± 0.56 2.83 ± 0.48 12.19 ± 1.88 10.97 ± 1.10 

G9 (C,N,K, 15,15,70) 8.32 ± 0.24 3.13 ± 0.63 11.76 ± 1.02 12.62 ± 0.80 

G10 Papaya 500mg/kg 9.95 ± 1.11 4.48 ± 1.10 18.86 ± 0.92 17.50 ± 1.05 

G11 Neem 200mg/kg 7.39 ± 1.17 2.56 ± 0.40 11.01 ± 2.01 13.50 ± 1.69 

G12 Kalmegh 200mg/kg 8.07 ± 0.56 4.60 ± 0.96 9.29 ± 1.34 13.71 ± 0.68 

 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

FIGURE 4.10: The mean platelet count of the Normal Control (NC) and Disease Control (DC) groups on 

Days 1, 3, 7, 14, and 21 illustrates the severity of thrombocytopenia. Values are expressed as mean ± 

standard error of the mean. On Day 7 (p<0.0001) and Day 21 (p<0.0001), the platelet count decreases 

significantly (two-way ANOVA and multiple t-test). 
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TABLE 4.22: Effect of oral dosing of herbal extracts for 21 days on platelet count in swiss albino mice. 
 

Platelets (105/μl) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 8.88 ± 0.65 12.69 ± 0.58 64.39 ± 15.18  

G2 Disease control 8.92 ± 0.68 6.27 ± 0.48 -32.75 ± 6.66 

G3 Equal (33.33%) 7.85 ± 0.52 13.62 ± 0.98 84.97 ± 22.81 117.03 ± 15.57 

G4 (C,N,K 50,25,25) 11.03 ± 1.08 12.30 ± 0.49 24.99 ± 17.41 96.11 ± 7.86 

G5 (C,N,K, 25,50,25) 7.96 ± 0.54 10.55 ± 1.47 39.27 ± 14.86 68.21 ± 23.43 

G6 (C,N,K, 25,25,50) 9.18 ± 0.73 14.03 ± 2.11 42.89 ± 24.35 123.59 ± 33.63 

G7 (C,N,K, 70,15,15) 8.90 ± 0.39 12.97 ± 1.70 47.77 ± 18.78 106.75 ± 27.07 

G8 (C,N,K, 15,70,15) 7.15 ± 0.56 10.97 ± 1.10 38.74 ± 5.63 74.87 ± 17.57 

G9 (C,N,K, 15,15,70) 8.32 ± 0.24 12.62 ± 0.80 47.12 ± 7.22 101.17 ± 12.70 

G10 Papaya 500mg/kg 9.95 ± 1.11 17.50 ± 1.05 73.08 ± 20.92 178.92 ± 16.75 

G11 Neem 200mg/kg 7.39 ± 1.17 13.50 ± 1.69 75.18 ± 28.13 115.14 ± 26.97 

G12 Kalmegh 200mg/kg 8.07 ± 0.56 13.71 ± 0.68 60.31 ± 20.86 118.54 ± 10.86 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 

FIGURE 4.11: The graph illustrates the percentage change in Platelet count in each group over 21 days. 

The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ***: p<0.001, **: p<0.01, *: P<0.05. 
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(C,N,K 50,25,25), G7 (C,N,K, 70,15,15) and G9 (C,N,K, 15,15,70) when compared to 

DC group with the statistical significance of P<0.05 (Fig. 4.12). 

 
TABLE 4.23: Effect of oral dosing of herbal extracts for 21 days on RBC count in swiss albino mice. 

 

RBC (106/μl) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 7.9 ± 0.6 7.2 ± 0.5 -8.2 ± 2.1  

G2 Disease control 8.7 ± 0.1 6.2 ± 0.2 -29.5 ± 2.6 

G3 Equal (33.33%) 8.6 ± 0.2 6.9 ± 0.2 -17.9 ± 3.2 11.5 ± 3.4 

G4 (C,N,K 50,25,25) 8.6 ± 0.3 7.3 ± 0.1 -17.8 ± 2.1 17.9 ± 2.2 

G5 (C,N,K, 25,50,25) 8.8 ± 0.1 6.9 ± 0.3 -22.0 ± 3.4 12.4 ± 4.6 

G6 (C,N,K, 25,25,50) 9.0 ± 0.2 6.8 ± 0.2 -24.4 ± 2.3 10.7 ± 4.0 

G7 (C,N,K, 70,15,15) 8.9 ± 0.1 7.2 ± 0.3 -18.6 ± 3.2 16.9 ± 4.7 

G8 (C,N,K, 15,70,15) 8.5 ± 0.1 6.2 ± 0.3 -25.7 ± 2.6 1.2 ± 4.5 

G9 (C,N,K, 15,15,70) 8.6 ± 0.2 7.4 ± 0.0 -18.0 ± 3.0 19.4 ± 0.1 

G10 Papaya 500mg/kg 8.7 ± 0.1 6.8 ± 0.3 -23.8 ± 3.1 14.4 ± 2.5 

G11 Neem 200mg/kg 8.4 ± 0.2 6.5 ± 0.1 -23.3 ± 1.9 5.0 ± 1.3 

G12 Kalmegh 200mg/kg 8.8 ± 0.2 6.7 ± 0.2 -21.8 ± 0.7 9.0 ± 2.5 

 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 

 
FIGURE 4.12: The graph illustrates the percentage change in RBC count in each group over 21 days. The 

values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), *: P<0.05. 
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4.2.1.1.3 Effect on WBC count 

 
 

A remarkable fall in WBC count has been seen in all the groups in the end. Like 

thrombocytopenia, the fall in WBC count was also the highest on day 7 (Table 4.24), after 

which a recovery has been seen in all the groups. As far as Effect of the treatment is 

concerned G3, G11 groups (p<0.01) and G6 (p<0.05) group have shown significantly less 

fluctuations in WBC level during the course of the study (Fig. 4.13). Apart from G3, other 

groups which have received higher percentage of kalmegh extract have shown favorable 

outcome as far as effect on WBC count is concerned. 

 
TABLE 4.24: Effect of oral dosing of herbal extracts for 21 days on WBC count in swiss albino mice (Day 

1, 7, 14 and 21). 

WBC (103/μL) 

Group Treatment Day 1 Day 7 Day 14 Day 21 

G1 Normal Control 9.8 ± 0.4 9.0 ± 0.6 8.8 ± 0.5 8.4 ± 0.4 

G2 Disease control 9.1 ± 1.4 2.6 ± 1.0 6.1 ± 1.1 6.3 ± 1.1 

G3 Equal (33.33%) 7.1 ± 0.5 1.6 ± 0.2 5.7 ± 0.7 6.7 ± 0.5 

G4 (C,N,K 50,25,25) 8.6 ± 0.8 2.3 ± 0.9 4.6 ± 0.8 6.3 ± 0.5 

G5 (C,N,K, 25,50,25) 8.3 ± 0.5 2.4 ± 0.2 3.4 ± 0.5 5.8 ± 0.2 

G6 (C,N,K, 25,25,50) 10.0 ± 1.7 4.2 ± 1.4 6.0 ± 1.9 8.8 ± 1.2 

G7 (C,N,K, 70,15,15) 12.9 ± 1.1 3.1 ± 0.6 9.1 ± 1.4 9.9 ± 1.4 

G8 (C,N,K, 15,70,15) 10.0 ± 1.5 3.1 ± 0.7 6.2 ± 0.1 7.4 ± 0.4 

G9 (C,N,K, 15,15,70) 7.8 ± 0.5 1.6 ± 0.5 4.1 ± 0.5 4.9 ± 0.5 

G10 Papaya 500mg/kg 7.3 ± 0.7 2.0 ± 0.6 4.5 ± 0.8 5.7 ± 0.4 

G11 Neem 200mg/kg 9.2 ± 1.4 2.5 ± 0.4 8.0 ± 1.9 9.5 ± 1.3 

G12 Kalmegh 200mg/kg 7.7 ± 1.1 1.2 ± 0.2 7.7 ± 0.8 9.2 ± 0.5 

 

 
TABLE 4.25: Effect of oral dosing of herbal extracts for 21 days on WBC count in swiss albino mice. 

 

WBC (103/uL) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 9.8 ± 0.4 8.4 ± 0.4 -14.3 ± 2.0  
G2 Disease control 9.1 ± 1.4 6.3 ± 1.1 -39.0 ± 3.4 

G3 Equal (33.33%) 7.1 ± 0.5 6.7 ± 0.5 -5.9 ± 3.5 5.4 ± 7.7 

G4 (C,N,K 50,25,25) 8.6 ± 0.8 6.3 ± 0.5 -18.7 ± 6.2 -0.6 ± 8.5 

G5 (C,N,K, 25,50,25) 8.3 ± 0.5 5.8 ± 0.2 -27.9 ± 1.6 -8.9 ± 3.1 

G6 (C,N,K, 25,25,50) 10.0 ± 1.7 8.8 ± 1.2 -7.2 ± 5.5 40.0 ± 19.2 

G7 (C,N,K, 70,15,15) 12.9 ± 1.1 9.9 ± 1.4 -30.3 ± 9.1 56.5 ± 22.1 

G8 (C,N,K, 15,70,15) 10.0 ± 1.5 7.4 ± 0.4 -33.7 ± 7.4 17.8 ± 6.0 

G9 (C,N,K, 15,15,70) 7.8 ± 0.5 4.9 ± 0.5 -27.3 ± 15.7 -22.3 ± 8.2 

G10 Papaya 500mg/kg 7.3 ± 0.7 5.7 ± 0.4 -27.6 ± 6.3 -9.7 ± 6.7 

G11 Neem 200mg/kg 9.2 ± 1.4 9.5 ± 1.3 -5.5 ± 5.1 50.6 ± 21.0 

G12 Kalmegh 200mg/kg 7.7 ± 1.1 9.2 ± 0.5 -13.1 ± 2.4 45.0 ± 8.7 
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FIGURE 4.13: The graph illustrates the percentage change in WBC count in each group over 21 days. The 

values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), **: P<0.01, *: P<0.05. 

 

4.2.1.1.4 Effect on Neutrophils 

 
 

In all groups, the Neutrophils percentage was found to be decreased in the end. However 

in treatment groups where the percentage of kalmegh extract was higher than the other 

extracts (G6 and G9) as well as G12 which has received kalmegh extract alone as a 

treatment have shown remarkably less decrease in Neutrophils count. 
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TABLE 4.26: Effect of oral dosing of herbal extracts for 21 days on Neutrophils % in swiss albino mice. 
 

Neutrophils (%) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 65.5 ± 4.2 67.4 ± 1.6 -2.8 ± 2.1  

G2 Disease control 69.2 ± 4.3 63.3 ± 1.2 -16.3 ± 3.1 

G3 Equal (33.33%) 72.5 ± 1.7 62.8 ± 1.5 -12.3 ± 4.5 -0.9 ± 2.3 

G4 (C,N,K 50,25,25) 68.8 ± 3.4 52.5 ± 5.9 -21.8 ± 9.8 -17.1 ± 9.4 

G5 (C,N,K, 25,50,25) 75.2 ± 0.9 45.5 ± 6.7 -40.3 ± 8.3 -28.2 ± 10.7 

G6 (C,N,K, 25,25,50) 67.7 ± 4.2 63.3 ± 0.9 -1.0 ± 5.4 0.0 ± 1.5 

G7 (C,N,K, 70,15,15) 74.5 ± 1.2 62.5 ± 2.6 -15.9 ± 4.2 -1.3 ± 4.1 

G8 (C,N,K, 15,70,15) 73.5 ± 1.5 64.0 ± 3.9 -15.6 ± 4.5 1.1 ± 6.1 

G9 (C,N,K, 15,15,70) 70.3 ± 2.6 68.0 ± 5.8 -1.0 ± 1.3 7.4 ± 9.1 

G10 Papaya 500mg/kg 70.0 ± 3.6 55.8 ± 7.7 -26.2 ± 10.0 -12.0 ± 12.2 

G11 Neem 200mg/kg 70.0 ± 5.0 47.3 ± 5.4 -37.7 ± 7.2 -25.3 ± 8.6 

G12 Kalmegh 200mg/kg 69.8 ± 3.4 68.0 ± 2.5 -10.6 ± 1.1 7.4 ± 3.9 

 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

FIGURE 4.14: The graph illustrates the percentage change in the Neutrophils % in each group over 21 

days. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), *: P<0.05. 
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4.2.1.1.5 Effect on Lymphocytes 

 
 

All groups except the NC group have shown a steep rise in lymphocyte level in the end. In 

treatment groups where kalmegh proportion was high in combination (G6 and G9) as well 

as in G12 where kalmegh extract was given alone, major fluctuations in lymphocyte 

percentage have been prevented. 

 
TABLE 4.27: Effect of oral dosing of herbal extracts for 21 days on Lymphocyte % in swiss albino mice. 

 

Lymphocytes (%) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 28.0 ± 4.3 25.2 ± 2.0 5.1 ± 3.8  

G2 Disease control 25.3 ± 3.7 24.7 ± 3.8 65.6 ± 52.0 

G3 Equal (33.33%) 23.0 ± 1.7 37.0 ± 4.2 63.8 ± 29.8 50.0 ± 17.2 

G4 (C,N,K 50,25,25) 26.0 ± 3.0 42.0 ± 5.6 71.2 ± 33.1 70.3 ± 22.6 

G5 (C,N,K, 25,50,25) 22.5 ± 1.4 42.0 ± 2.8 103.6 ± 22.7 70.3 ± 11.5 

G6 (C,N,K, 25,25,50) 26.8 ± 4.0 31.7 ± 0.6 18.8 ± 16.4 28.4 ± 2.5 

G7 (C,N,K, 70,15,15) 20.3 ± 0.4 32.3 ± 2.5 62.2 ± 14.7 30.7 ± 10.3 

G8 (C,N,K, 15,70,15) 22.3 ± 1.6 30.0 ± 4.1 43.9 ± 16.8 21.6 ± 16.6 

G9 (C,N,K, 15,15,70) 24.3 ± 2.8 26.5 ± 0.3 9.7 ± 20.0 7.4 ± 1.2 

G10 Papaya 500mg/kg 25.8 ± 3.1 38.0 ± 6.8 82.1 ± 34.4 54.1 ± 27.4 

G11 Neem 200mg/kg 20.3 ± 1.3 46.7 ± 5.0 133.3 ± 25.2 89.2 ± 20.4 

G12 Kalmegh 200mg/kg 24.8 ± 3.3 29.0 ± 3.2 54.1 ± 4.5 17.6 ± 12.9 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

FIGURE 4.15: The graph illustrates the percentage change in Lymphocytes in each group over 21 days. The 

values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. No statistical significance has been seen when compared to 

(#) Disease control group. 
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4.2.1.1.6 Effect on Hemoglobin 

 
 

A sharp drop in Hb count was observed in all the groups except in NC on day 7, which 

was gradually increased by the end of the study (Table 4.28). Although in all the groups, 

hemoglobin level got decreased at the end compared to what it was at the beginning of the 

experiment, the decrease was significantly the highest in DC group, whereas the treatment 

groups have shown a significant recovery in Hb level when compared with DC group with 

the maximum effect was observed in G3 (p<0.001) (Fig. 4.16). 

 

TABLE 4.28: Effect of oral dosing of herbal extracts for 21 days on hemoglobin concentration in swiss 

albino mice. (Day 1, 7, 14 and 21) 

Hemoglobin (g/dL) 

Group Treatment Day 1 Day 7 Day 14 Day 21 

G1 Normal Control 14.3 ± 0.2 12.9 ± 0.5 13.9 ± 0.5 14.0 ± 0.4 

G2 Disease control 14.6 ± 0.4 8.4 ± 0.6 8.7 ± 1.0 10.7 ± 0.5 

G3 Equal (33.33%) 15.3 ± 0.3 8.1 ± 0.6 10.5 ± 1.0 14.0 ± 0.3 

G4 (C,N,K 50,25,25) 15.0 ± 0.4 9.3 ± 1.2 13.9 ± 1.3 13.6 ± 0.5 
G5 (C,N,K, 25,50,25) 15.4 ± 0.2 9.6 ± 0.9 12.8 ± 1.6 13.2 ± 0.4 

G6 (C,N,K, 25,25,50) 15.4 ± 0.3 9.9 ± 1.3 13.8 ± 2.3 12.9 ± 0.4 
G7 (C,N,K, 70,15,15) 15.3 ± 0.2 9.2 ± 1.1 16.3 ± 2.0 13.1 ± 0.2 

G8 (C,N,K, 15,70,15) 15.2 ± 0.2 8.7 ± 1.1 16.5 ± 1.9 12.2 ± 0.7 

G9 (C,N,K, 15,15,70) 15.4 ± 0.3 7.9 ± 1.7 13.6 ± 1.7 14.6 ± 0.5 

G10 Papaya 500mg/kg 15.5 ± 0.2 8.5 ± 0.9 12.8 ± 0.7 12.7 ± 0.8 

G11 Neem 200mg/kg 15.1 ± 0.4 6.9 ± 0.5 16.4 ± 1.2 12.0 ± 0.8 

G12 Kalmegh 200mg/kg 15.2 ± 0.4 8.0 ± 1.0 19.2 ± 0.8 13.6 ± 0.7 

 
TABLE 4.29: Effect of oral dosing of herbal extracts for 21 days on hemoglobin concentration in swiss 

albino mice. 

Hemoglobin (g/dL) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 14.3 ± 0.2 14.0 ± 0.4 -2.1 ± 2.3  

G2 Disease control 14.6 ± 0.4 10.7 ± 0.5 -29.4 ± 3.5 

G3 Equal (33.33%) 15.3 ± 0.3 14.0 ± 0.3 -5.2 ± 1.9 30.8 ± 2.6 

G4 (C,N,K 50,25,25) 15.0 ± 0.4 13.6 ± 0.5 -12.0 ± 4.3 26.9 ± 5.1 
G5 (C,N,K, 25,50,25) 15.4 ± 0.2 13.2 ± 0.4 -14.1 ± 3.1 23.6 ± 4.0 

G6 (C,N,K, 25,25,50) 15.4 ± 0.3 12.9 ± 0.4 -15.6 ± 2.0 20.9 ± 3.4 
G7 (C,N,K, 70,15,15) 15.3 ± 0.2 13.1 ± 0.2 -15.3 ± 0.8 22.7 ± 1.6 

G8 (C,N,K, 15,70,15) 15.2 ± 0.2 12.2 ± 0.7 -20.2 ± 3.9 14.3 ± 6.7 

G9 (C,N,K, 15,15,70) 15.4 ± 0.3 14.6 ± 0.5 -7.5 ± 0.8 36.4 ± 4.3 

G10 Papaya 500mg/kg 15.5 ± 0.2 12.7 ± 0.8 -19.0 ± 5.1 18.2 ± 7.5 

G11 Neem 200mg/kg 15.1 ± 0.4 12.0 ± 0.8 -18.3 ± 6.8 12.1 ± 7.9 

G12 Kalmegh 200mg/kg 15.2 ± 0.4 13.6 ± 0.7 -9.9 ± 2.2 26.7 ± 6.5 
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FIGURE 4.16: The graph illustrates the percentage change in the Hemoglobin concentration in each group 

over 21 days. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, ***: p< 0.001, **: p<0.01, *: P<0.05. 

 

4.2.1.1.7 Effect on Hematocrit level 

 
 

In NC group Hematocrit level was increased whereas in DC group it got remarkably 

decreased. Apart from this all the treatments were capable to prevent huge fluctuations in 

Hematocrit level. The Hematocrit levels were elevated during the course of study in all the 

groups except in DC group which has shown a decline of 23.1 % in Hct levels. A 

significant improvement in Hct level has been noted in all treatment groups during the 

study when compared with DC group (p<0.0001, p< 0.001, p<0.01) (Fig. 4.17). 
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TABLE 4.30: Effect of oral dosing of herbal extracts for 21 days on Hematocrit % in swiss albino mice. 
 

Hematocrit (%) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 37.3 ± 4.1 45.2 ± 1.9 10.3 ± 6.5  

G2 Disease control 42.5 ± 1.5 34.1 ± 2.3 -23.1 ± 2.3 

G3 Equal (33.33%) 43.1 ± 1.1 42.0 ± 2.2 1.1 ± 6.3 23.1 ± 6.5 

G4 (C,N,K 50,25,25) 42.9 ± 0.7 44.9 ± 0.9 2.9 ± 1.7 31.8 ± 2.7 

G5 (C,N,K, 25,50,25) 43.8 ± 0.8 44.2 ± 1.5 0.6 ± 4.5 29.7 ± 4.3 

G6 (C,N,K, 25,25,50) 43.5 ± 1.0 43.7 ± 1.1 1.7 ± 4.6 28.4 ± 3.3 

G7 (C,N,K, 70,15,15) 43.4 ± 0.5 42.7 ± 1.1 -1.7 ± 3.0 25.3 ± 3.2 

G8 (C,N,K, 15,70,15) 43.9 ± 0.6 44.3 ± 0.6 0.3 ± 2.4 30.0 ± 1.8 

G9 (C,N,K, 15,15,70) 44.2 ± 0.7 47.9 ± 1.8 5.6 ± 1.3 40.6 ± 5.4 

G10 Papaya 500mg/kg 44.5 ± 0.7 44.7 ± 0.9 0.0 ± 1.5 31.3 ± 2.5 

G11 Neem 200mg/kg 43.5 ± 0.7 42.7 ± 1.9 0.7 ± 5.5 25.2 ± 5.6 

G12 Kalmegh 200mg/kg 43.5 ± 0.9 44.0 ± 0.4 2.1 ± 1.9 29.2 ± 1.2 

 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

FIGURE 4.17: The graph illustrates the percentage change in Hematocrit % in each group over 21 days. 

The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, ***: p< 0.001, **: p<0.01. 
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4.2.1.1.8 Effect on Mean Corpuscular Volume (MCV) level 

 
 

At the end of 21days of treatment period, MCV level was higher in all the groups in which 

thrombocytopenia has been induced (Fig 4.18). 

 

TABLE 4.31: Effect of oral dosing of herbal extracts for 21 days on the level of MCV in swiss albino mice. 
 

MCV (fl) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 48.6 ± 0.6 48.4 ± 0.8 -0.3 ± 0.7  

G2 Disease control 48.1 ± 0.8 60.5 ± 0.7 29.5 ± 4.0 

G3 Equal (33.33%) 50.2 ± 0.9 62.9 ± 0.8 26.8 ± 1.5 3.9 ± 1.3 

G4 (C,N,K 50,25,25) 49.8 ± 1.2 60.1 ± 2.4 22.0 ± 4.9 -0.8 ± 4.0 

G5 (C,N,K, 25,50,25) 49.6 ± 0.8 64.2 ± 2.9 30.3 ± 8.1 6.1 ± 4.7 

G6 (C,N,K, 25,25,50) 48.5 ± 1.2 65.4 ± 1.7 37.6 ± 7.6 8.0 ± 2.8 

G7 (C,N,K, 70,15,15) 48.9 ± 0.3 59.8 ± 3.2 21.8 ± 6.6 -1.3 ± 5.4 

G8 (C,N,K, 15,70,15) 51.6 ± 1.0 65.7 ± 1.0 24.2 ± 0.5 8.5 ± 1.6 

G9 (C,N,K, 15,15,70) 51.3 ± 0.7 65.1 ± 2.5 29.7 ± 6.3 7.5 ± 4.1 

G10 Papaya 500mg/kg 50.8 ± 1.1 69.3 ± 3.7 37.6 ± 8.3 14.4 ± 6.2 

G11 Neem 200mg/kg 52.0 ± 1.1 69.6 ± 0.6 39.0 ± 1.1 14.9 ± 0.9 

G12 Kalmegh 200mg/kg 49.5 ± 1.4 65.6 ± 1.6 31.1 ± 5.1 8.4 ± 2.6 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
FIGURE 4.18: The graph illustrates the percentage change in MCV in each group over 21 days. The values 

are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple comparison 

tests were used to analyze the data. No statistical significance has been seen when compared to (#) Disease 

control group. 
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4.2.1.1.9 Effect on Mean Corpuscular Hemoglobin (MCH) level 

 
 

MCH levels were higher in the end compared to what it was before the thrombocytopenia 

was induced (Fig. 4.19). 

 

TABLE 4.32: Effect of oral dosing of herbal extracts for 21 days on the level of MCH in swiss albino mice. 
 

MCH (Pg) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 16.6 ± 0.9 17.1 ± 0.3 -1.9 ± 1.7  

G2 Disease control 17.2 ± 0.4 17.8 ± 0.2 2.1 ± 3.2 

G3 Equal (33.33%) 17.8 ± 0.3 18.7 ± 0.6 5.9 ± 2.6 4.8 ± 3.4 

G4 (C,N,K 50,25,25) 17.4 ± 0.3 18.1 ± 0.7 3.6 ± 2.2 1.5 ± 3.9 

G5 (C,N,K, 25,50,25) 17.4 ± 0.2 19.2 ± 0.7 10.9 ± 5.4 7.6 ± 4.0 

G6 (C,N,K, 25,25,50) 17.1 ± 0.2 18.2 ± 0.9 8.1 ± 7.2 2.4 ± 4.9 

G7 (C,N,K, 70,15,15) 17.2 ± 0.2 18.3 ± 0.7 4.8 ± 3.5 2.8 ± 4.0 

G8 (C,N,K, 15,70,15) 17.9 ± 0.3 19.5 ± 0.4 6.7 ± 1.4 9.7 ± 2.5 

G9 (C,N,K, 15,15,70) 17.8 ± 0.2 19.8 ± 0.6 12.8 ± 3.1 11.0 ± 3.4 

G10 Papaya 500mg/kg 17.7 ± 0.5 19.8 ± 0.9 12.7 ± 4.9 11.4 ± 4.8 

G11 Neem 200mg/kg 18.0 ± 0.4 19.4 ± 0.4 11.7 ± 2.7 9.2 ± 2.5 

G12 Kalmegh 200mg/kg 17.2 ± 0.5 20.5 ± 0.8 17.8 ± 0.6 15.4 ± 4.5 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 
FIGURE 4.19 The graph illustrates the percentage change in MCH in each group over 21 days. The values 

are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple comparison 

tests were used to analyze the data. The asterisk indicates that the treatment groups are statistically distinct 

from the control group (#). *: P<0.05. 
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4.2.1.1.10 Effect on Mean Corpuscular Hemoglobin Concentration (MCHC) level 

 
 

All the groups in which thrombocytopenia was induced, MCHC level was found to be 

decreased in the end (Fig. 4.20). 

 

TABLE 4.33: Effect of oral dosing of herbal extracts for 21 days on the level of MCHC in swiss albino 

mice. 

MCHC (g/dl) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 35.9 ± 0.4 36.1 ± 0.4 0.6 ± 1.3  

G2 Disease control 34.6 ± 0.3 29.4 ± 0.0 -16.4 ± 0.3 

G3 Equal (33.33%) 35.5 ± 0.3 29.6 ± 0.7 -16.8 ± 1.3 0.4 ± 2.5 

G4 (C,N,K 50,25,25) 35.0 ± 0.6 30.2 ± 0.7 -14.5 ± 3.2 2.5 ± 2.3 

G5 (C,N,K, 25,50,25) 35.1 ± 0.2 29.9 ± 0.4 -14.5 ± 1.4 1.5 ± 1.2 

G6 (C,N,K, 25,25,50) 35.3 ± 0.6 29.6 ± 0.6 -16.6 ± 2.5 0.5 ± 2.1 

G7 (C,N,K, 70,15,15) 35.2 ± 0.3 30.8 ± 0.7 -13.6 ± 2.1 4.5 ± 2.3 

G8 (C,N,K, 15,70,15) 34.6 ± 0.2 29.7 ± 0.5 -13.9 ± 1.1 1.0 ± 1.6 

G9 (C,N,K, 15,15,70) 34.8 ± 0.2 30.5 ± 0.2 -12.4 ± 1.7 3.5 ± 0.7 

G10 Papaya 500mg/kg 34.8 ± 0.3 30.0 ± 0.6 -13.9 ± 2.4 1.9 ± 2.0 

G11 Neem 200mg/kg 34.7 ± 0.4 28.6 ± 1.1 -17.6 ± 3.3 -2.8 ± 3.8 

G12 Kalmegh 200mg/kg 34.9 ± 0.4 31.2 ± 0.6 -10.0 ± 1.7 6.0 ± 1.9 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 
FIGURE 4.20: The graph illustrates the percentage change in MCHC in each group over 21 days. The 

values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. No statistical significance has been seen when compared to 

(#) Disease control group. 
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4.2.1.1.11 Effect on Reticulocyte count 

 
 

A decline in reticulocyte count was remarkably visible in all the groups during the course 

of study. The decline was significantly less (P<0.05) in G4 (C, N, K: 50, 25, 25) and in G9 

(C, N, K: 15, 15, 70) when compared with DC group (Fig. 4.21). 

 

TABLE 4.34: Effect of oral dosing of herbal extracts for 21 days on the reticulocyte count in swiss albino 

mice. 

Reticulocyte Count (%) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 1.4 ± 0.1 1.4 ± 0.1 -7.8 ± 3.9  

G2 Disease control 1.4 ± 0.0 1.0 ± 0.0 -30.4 ± 4.5 

G3 Equal (33.33%) 1.4 ± 0.0 1.2 ± 0.1 -16.1 ± 5.8 18.8 ± 8.6 

G4 (C,N,K 50,25,25) 1.4 ± 0.0 1.3 ± 0.0 -10.8 ± 4.8 26.8 ± 4.8 

G5 (C,N,K, 25,50,25) 1.5 ± 0.0 1.2 ± 0.0 -14.2 ± 2.4 24.6 ± 1.8 

G6 (C,N,K, 25,25,50) 1.5 ± 0.0 1.2 ± 0.0 -16.0 ± 2.2 24.8 ± 4.3 

G7 (C,N,K, 70,15,15) 1.5 ± 0.0 1.2 ± 0.0 -20.6 ± 0.5 24.3 ± 1.0 

G8 (C,N,K, 15,70,15) 1.5 ± 0.0 1.2 ± 0.1 -20.2 ± 3.3 21.5 ± 5.9 

G9 (C,N,K, 15,15,70) 1.5 ± 0.0 1.4 ± 0.1 -10.0 ± 1.8 37.4 ± 6.1 

G10 Papaya 500mg/kg 1.5 ± 0.0 1.2 ± 0.1 -19.8 ± 4.9 19.5 ± 8.5 

G11 Neem 200mg/kg 1.5 ± 0.0 1.2 ± 0.1 -21.0 ± 8.7 16.1 ± 11.9 

G12 Kalmegh 200mg/kg 1.5 ± 0.0 1.3 ± 0.0 -14.9 ± 0.9 26.8 ± 3.0 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 
FIGURE 4.21: The graph illustrates the percentage change in reticulocyte count in each group over 21 days. 

The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), *: P<0.05. 

% Change in Reticulocyte count in 21 days 

0 
Normal Control 

Disease control 

Equal (33.33%) 

-10    
 

   * 

* 

-20 

-30 

        (C,N,K  50,25,25) 

(C,N,K, 25,50,25) 

(C,N,K, 25,25,50) 

(C,N,K, 70,15,15) 

(C,N,K, 15,70,15) 

(C,N,K, 15,15,70) 

Papaya 500mg/kg 

Neem 200mg/kg 

Kalmegh 200mg/kg 

# 

-40 

%
 c

h
a
n

g
e
 i
n

 R
e
ti

c
u

lo
c
y
te

 c
o
u

n
t 



Chapter 4 Results 

102 

 

 

4.2.1.2 Effect on Bleeding Time (BT) 

 
 

In NC group, BT has not been altered much during the entire study protocol. A sharp and 

gradual increase in BT has been observed in DC group. In the end, BT in the treatment 

groups was prolonged than what it was at the beginning of the experiment (Table 4.35) but 

when compared to DC, the incline in BT in the treatment groups was significantly less 

(p<0.0001) with the highest effect has been seen in G3 which is an equal dose 

combination of all the three extracts (Fig. 4.22). 

 

TABLE 4.35: Effect of oral dosing of herbal extracts for 21 days on the Bleeding Time in swiss albino 

mice. (Day 1, 7, 14 and 21) 

 
Bleeding Time (sec) 

Group Treatment Day 1 Day 7 Day 14 Day 21 

G1 Normal Control 21.00 ± 1.2 19.83 ± 1.30 20.33 ± 0.88 19.40 ± 0.94 

G2 Disease control 19.83 ± 1.2 46.00 ± 1.98 52.17 ± 1.14 54.33 ± 2.05 

G3 Equal (33.33%) 20.33 ± 0.8 25.83 ± 1.25 24.25 ± 0.70 25.00 ± 0.58 

G4 (C,N,K 50,25,25) 19.00 ± 0.8 29.60 ± 0.47 29.75 ± 0.51 29.75 ± 0.51 

G5 (C,N,K, 25,50,25) 19.83 ± 1.3 28.83 ± 0.70 27.40 ± 0.85 26.50 ± 0.85 

G6 (C,N,K, 25,25,50) 20.83 ± 1.1 30.80 ± 1.45 25.00 ± 0.33 27.33 ± 1.03 

G7 (C,N,K, 70,15,15) 20.83 ± 0.9 30.40 ± 1.10 21.25 ± 0.84 27.00 ± 1.29 

G8 (C,N,K, 15,70,15) 20.67 ± 1.0 19.67 ± 0.88 24.33 ± 0.85 28.67 ± 0.62 

G9 (C,N,K, 15,15,70) 20.67 ± 1.4 30.67 ± 1.69 27.00 ± 0.58 30.00 ± 0.58 

G10 Papaya 500mg/kg 20.00 ± 1.0 23.00 ± 1.95 22.25 ± 1.12 25.25 ± 0.91 

G11 Neem 200mg/kg 22.50 ± 1.9 22.80 ± 1.59 24.75 ± 1.22 26.67 ± 0.62 

G12 Kalmegh 200mg/kg 19.67 ± 0.9 20.00 ± 0.91 23.67 ± 0.94 27.67 ± 0.94 

 
TABLE 4.36: Effect of oral dosing of herbal extracts for 21 days on the Bleeding Time in swiss albino 

mice. 

Bleeding Time (Sec) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 21.0 ± 1.2 19.4 ± 0.9 -8.4 ± 4.7  

G2 Disease control 19.8 ± 1.2 54.3 ± 2.1 197.2 ± 27.8 

G3 Equal (33.33%) 20.3 ± 0.8 25.0 ± 0.6 22.4 ± 4.1 -54.0 ± 1.1 

G4 (C,N,K 50,25,25) 19.0 ± 0.8 29.8 ± 0.5 66.4 ± 8.1 -45.2 ± 0.9 

G5 (C,N,K, 25,50,25) 19.8 ± 1.3 26.5 ± 0.8 23.6 ± 2.3 -51.2 ± 1.6 

G6 (C,N,K, 25,25,50) 20.8 ± 1.1 27.3 ± 1.0 41.8 ± 6.1 -49.7 ± 1.9 

G7 (C,N,K, 70,15,15) 20.8 ± 0.9 27.0 ± 1.3 25.7 ± 3.6 -50.3 ± 2.4 

G8 (C,N,K, 15,70,15) 20.7 ± 1.0 28.7 ± 0.6 40.5 ± 9.0 -47.2 ± 1.1 

G9 (C,N,K, 15,15,70) 20.7 ± 1.4 30.0 ± 0.6 66.9 ± 2.1 -44.8 ± 1.1 

G10 Papaya 500mg/kg 20.0 ± 1.0 25.3 ± 0.9 23.8 ± 9.7 -53.5 ± 1.7 

G11 Neem 200mg/kg 22.5 ± 1.9 26.7 ± 0.6 24.5 ± 8.3 -50.9 ± 1.1 

G12 Kalmegh 200mg/kg 19.7 ± 0.9 27.7 ± 0.9 42.8 ± 9.9 -49.1 ± 1.7 
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FIGURE 4.22: The graph illustrates the percentage change in the Bleeding time in each group over 21 days. 

The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001. 

 
4.2.1.3 Effect on Clotting Time (CT) 

 
 

Clotting time was found to be increased in all groups except in NC. Amongst all the 

groups the increase in CT was the highest (48.9%) in DC group whereas all the treatment 

groups have significantly (p<0.0001, p<0.001, p<0.01) less inclined CT when compared to 

DC group. G3 (equal proportions of all the three extracts) and G10 (Papaya extract) have 

shown the maximum improvement on CT (Fig. 4.23). 
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TABLE 4.37: Effect of oral dosing of herbal extracts for 21 days on the Clotting Time in swiss albino mice. 

(Day 1, 7, 14 and 21) 

 
Clotting Time (sec) 

Group Treatment Day 1 Day 7 Day 14 Day 21 

G1 Normal Control 103.00 ± 1.8 101.67 ± 1.52 102.83 ± 1.01 103.80 ± 1.06 

G2 Disease control 101.50 ± 4.0 135.83 ± 1.27 148.00 ± 0.93 153.00 ± 1.47 

G3 Equal (33.33%) 103.00 ± 2.3 122.83 ± 2.30 128.75 ± 2.27 123.75 ± 1.68 

G4 (C,N,K 50,25,25) 101.17 ± 1.2 129.33 ± 1.33 129.75 ± 3.67 130.50 ± 1.27 

G5 (C,N,K, 25,50,25) 102.50 ± 3.1 129.33 ± 2.49 110.80 ± 2.44 130.50 ± 1.27 

G6 (C,N,K, 25,25,50) 105.67 ± 3.3 125.00 ± 1.78 109.75 ± 1.43 127.33 ± 1.18 

G7 (C,N,K, 70,15,15) 103.00 ± 2.4 131.20 ± 3.10 123.50 ± 3.24 126.25 ± 1.58 

G8 (C,N,K, 15,70,15) 102.33 ± 1.5 105.67 ± 1.93 107.67 ± 2.39 131.00 ± 0.82 

G9 (C,N,K, 15,15,70) 106.17 ± 2.2 132.33 ± 2.11 116.00 ± 1.15 129.50 ± 0.87 

G10 Papaya 500mg/kg 105.50 ± 3.3 125.17 ± 1.83 131.25 ± 0.84 130.00 ± 1.60 

G11 Neem 200mg/kg 99.83 ± 1.4 131.00 ± 1.00 131.00 ± 1.20 130.67 ± 4.17 

G12 Kalmegh 200mg/kg 105.67 ± 1.9 126.40 ± 1.37 134.67 ± 1.65 137.00 ± 0.41 

 
TABLE 4.38: Effect of oral dosing of herbal extracts for 21 days on the Clotting Time in swiss albino mice. 

 

Clotting Time (sec) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 103.0 ± 1.8 103.8 ± 1.1 2.0 ± 1.3  

G2 Disease control 101.5 ± 4.0 153.0 ± 1.5 48.9 ± 4.8 

G3 Equal (33.33%) 105.8 ± 1.5 123.8 ± 1.7 18.8 ± 1.9 -19.1 ± 1.1 

G4 (C,N,K 50,25,25) 101.2 ± 1.2 130.5 ± 1.3 28.9 ± 2.1 -14.7 ± 0.8 

G5 (C,N,K, 25,50,25) 102.5 ± 3.1 130.5 ± 1.3 25.1 ± 2.2 -14.7 ± 0.8 

G6 (C,N,K, 25,25,50) 102.3 ± 2.3 127.3 ± 1.2 22.4 ± 0.6 -16.8 ± 0.8 

G7 (C,N,K, 70,15,15) 103.0 ± 2.4 126.3 ± 1.6 23.2 ± 4.9 -17.5 ± 1.0 

G8 (C,N,K, 15,70,15) 104.0 ± 1.2 131.0 ± 0.8 24.8 ± 1.7 -14.4 ± 0.5 

G9 (C,N,K, 15,15,70) 106.2 ± 2.2 129.5 ± 0.9 27.7 ± 2.7 -15.4 ± 0.6 

G10 Papaya 500mg/kg 105.5 ± 3.3 130.0 ± 1.6 19.3 ± 1.4 -15.0 ± 1.0 

G11 Neem 200mg/kg 99.8 ± 1.4 130.7 ± 4.2 29.3 ± 6.1 -14.6 ± 2.7 

G12 Kalmegh 200mg/kg 105.7 ± 1.9 137.0 ± 0.4 30.3 ± 3.0 -10.5 ± 0.3 
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FIGURE 4.23: The graph illustrates the percentage change in clotting time in each group over 21 days. The 

values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, ***: p< 0.001, **: p<0.01. 

 
4.2.1.4 Effect on Body weight 

 
 

Body weight of all the animals was reduced in 21 days. The reduction in body weight was 

the highest when the extracts were given alone as treatments (G10, G11, G12) which is 

also significantly greater (p<0.0001, p<0.001) when compared to DC group and lowest 

when given in combinations (Fig. 4.24). 
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TABLE 4.39: Effect of oral dosing of herbal extracts for 21 days on the Body Weight in swiss albino mice. 

 
 

Body Weight (Gm) 

Group Treatment Day 1 Day 21 
% Change in 21 

days 
% Change Vs 

Disease Control 

G1 Normal Control 37.5 ± 0.3 35.2 ± 0.3 -5.3 ± 0.4  

G2 Disease control 37.0 ± 0.4 33.0 ± 0.4 -10.8 ± 0.1 

G3 Equal (33.33%) 33.0 ± 0.3 29.5 ± 0.3 -9.1 ± 0.8 -10.6 ± 0.9 

G4 (C,N,K 50,25,25) 34.5 ± 0.4 30.5 ± 0.5 -10.4 ± 0.4 -7.6 ± 1.5 

G5 (C,N,K, 25,50,25) 34.5 ± 0.4 31.0 ± 0.3 -11.4 ± 0.7 -6.1 ± 0.9 

G6 (C,N,K, 25,25,50) 34.5 ± 0.5 31.0 ± 0.4 -13.0 ± 0.6 -6.1 ± 1.3 

G7 (C,N,K, 70,15,15) 34.8 ± 0.9 33.8 ± 0.6 -5.0 ± 1.3 2.3 ± 1.7 

G8 (C,N,K, 15,70,15) 39.8 ± 0.3 36.0 ± 0.8 -8.6 ± 1.4 9.1 ± 2.3 

G9 (C,N,K, 15,15,70) 37.0 ± 0.9 29.5 ± 0.4 -7.4 ± 0.9 -10.6 ± 1.1 

G10 Papaya 500mg/kg 38.7 ± 0.5 31.3 ± 0.7 -19.7 ± 1.6 -5.3 ± 2.2 

G11 Neem 200mg/kg 40.3 ± 0.8 35.3 ± 0.9 -18.6 ± 2.0 7.1 ± 3.4 

G12 Kalmegh 200mg/kg 38.3 ± 0.3 29.7 ± 0.9 -21.5 ± 2.0 -10.1 ± 2.9 

 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

FIGURE 4.24: The graph illustrates the percentage change in the Body weight in each group over 21 days. 

The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, ***: p< 0.001, **: p<0.01. 
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4.2.2 Fixed volume bleed out model of Hemorrhagic shock (HS) 

 
 

4.2.2.1 Complete Blood Count (CBC) 

 
 

4.2.2.1.1 Effect on platelet count 

 
 

A significantly sharp fall in platelet count was observed at 24 hour post HS in all male and 

female groups when compared with NC group. The fall in platelet count was the highest at 

24 hours which gradually increased and almost completely recovered in the end except in 

DC group (Table 4.40). In all the treatment groups platelet count was higher in the end 

than what it was before the induction of HS condition with the highest effect was seen in 

G7 but in DC group it remained low throughout the study (Fig. 4.25). 

 
TABLE 4.40: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the platelet count in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Platelets (105/μl) 

Group Treatment Sex 0 Hour 24 hour 72 hour 7 days 

G1 NC 
M 8.72 ± 1.37 8.56 ± 1.64 10.23 ± 0.45 9.23 ± 1.21 

F 9.71 ± 0.47 9.34 ± 0.48 11.91 ± 0.83 9.68 ± 0.17 

G2 DC 
M 7.90 ± 0.61 3.22 ± 0.38 6.14 ± 0.90 6.73 ± 0.41 

F 8.18 ± 0.41 4.32 ± 0.33 8.09 ± 0.53 7.04 ± 0.58 

G4 
Papaya (C) 

(500 mg/kg) 

M 7.72 ± 0.80 5.34 ± 0.25 8.09 ± 0.29 9.11 ± 1.06 

F 8.31 ± 0.55 6.38 ± 1.02 8.39 ± 0.56 10.56 ± 0.37 

G5 
Neem (N) 

(200 mg/kg) 

M 8.32 ± 0.35 5.65 ± 0.15 9.07 ± 0.41 8.75 ± 0.67 

F 8.05 ± 0.53 3.30 ± 0.50 7.63 ± 0.61 8.85 ± 0.32 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 8.83 ± 0.39 4.70 ± 0.64 8.07 ± 0.09 8.84 ± 0.28 

F 7.78 ± 0.81 6.78 ± 0.56 8.24 ± 0.47 7.32 ± 0.78 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 9.12 ± 0.39 5.88 ± 0.41 9.00 ± 0.32 10.23 ± 0.48 

F 8.32 ± 0.31 5.80 ± 0.17 7.65 ± 0.31 9.33 ± 0.22 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 8.39 ± 0.49 5.42 ± 0.34 7.43 ± 4.35 8.60 ± 0.36 

F 7.45 ± 0.44 3.92 ± 0.40 5.56 ± 0.91 7.59 ± 0.54 
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TABLE 4.41: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the platelet count in Wistar rats. 

Platelets (105/μl) 

Group Treatment Sex 0 Hour 7 days % change In 7 days 
%change Vs Disease 

control 

G1 NC 
M 8.72 ± 1.37 9.23 ± 1.21 8.41 ± 4.33    

F 9.71 ± 0.47 9.68 ± 0.17 0.40 ± 4.04    

G2 DC 
M 7.90 ± 0.61 6.73 ± 0.41 -14.18 ± 2.26 -27.11 ± 4.47 

F 8.18 ± 0.41 7.04 ± 0.58 -13.69 ± 5.49 -27.25 ± 5.94 

G4 
Papaya (C) 

(500 mg/kg) 

M 7.72 ± 0.80 9.11 ± 1.06 17.54 ± 6.32 35.30 ± 15.79 

F 8.31 ± 0.55 10.56 ± 0.37 29.10 ± 7.50 49.90 ± 5.20 

G5 
Neem (N) (200 

mg/kg) 

M 8.32 ± 0.35 8.75 ± 0.67 5.11 ± 7.12 29.96 ± 9.96 

F 8.05 ± 0.53 8.85 ± 0.32 11.33 ± 5.77 25.65 ± 4.59 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 8.83 ± 0.39 8.84 ± 0.28 0.49 ± 2.90 31.28 ± 4.22 

F 7.78 ± 0.81 7.32 ± 0.78 -5.17 ± 8.44 3.95 ± 0.81 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 9.12 ± 0.39 10.23 ± 0.48 12.16 ± 2.54 51.98 ± 3.12 

F 8.32 ± 0.31 9.33 ± 0.22 12.56 ± 2.91 32.42 ± 3.12 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 8.39 ± 0.49 8.60 ± 0.36 3.42 ± 4.35 27.79 ± 5.41 

F 7.45 ± 0.44 7.59 ± 0.54 1.67 ± 3.21 7.78 ± 7.68 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 
 

FIGURE 4.25: The graph illustrates the percentage change in platelet count in each group over a seven- day 

period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, ***: p< 0.001, **: p<0.01, *: P<0.05. 
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4.2.2.1.2. Effect on RBC count 

 
 

Except in NC group, all other groups in which HS was induced, a decrease in RBC count 

was evident at 24 hour and the decrease was also consistent at 72 hours post which a 

recovery in treatment groups (Table 4.42) was initiated indicated by remarkably less 

reduction in RBC count in the end compared to DC group (Fig. 4.26). 

 
TABLE 4.42: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the RBC count in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

RBC (106/μl) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 8.26 ± 0.52 8.36 ± 0.92 8.24 ± 0.73 8.14 ± 0.56 

F 7.85 ± 0.74 7.49 ± 0.57 7.80 ± 0.66 7.80 ± 0.62 

G2 DC 
M 8.32 ± 0.41 6.02 ± 0.33 4.93 ± 0.62 6.21 ± 0.23 

F 6.99 ± 0.17 5.60 ± 0.41 5.35 ± 0.59 5.42 ± 0.20 

G4 
Papaya (C) 

(500 mg/kg) 

M 7.76 ± 0.08 5.63 ± 0.19 5.01 ± 0.33 6.59 ± 0.14 

F 7.35 ± 0.09 5.86 ± 0.25 5.82 ± 0.61 6.63 ± 0.05 

G5 
Neem (N) 

(200 mg/kg) 

M 7.77 ± 0.30 5.51 ± 0.33 4.87 ± 0.32 6.70 ± 0.29 

F 6.84 ± 0.24 5.35 ± 0.41 5.41 ± 0.24 7.85 ± 0.61 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 7.57 ± 0.40 5.36 ± 0.23 5.55 ± 0.22 7.05 ± 0.24 

F 7.22 ± 0.16 5.67 ± 0.16 5.05 ± 0.22 6.57 ± 0.20 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 8.59 ± 0.23 5.56 ± 0.38 5.35 ± 0.67 8.12 ± 0.24 

F 7.22 ± 0.15 5.37 ± 0.20 4.82 ± 0.19 7.00 ± 0.39 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 6.91 ± 0.48 5.54 ± 0.24 5.07 ± 0.43 6.91 ± 0.38 

F 7.13 ± 0.16 5.64 ± 0.24 4.35 ± 0.31 6.39 ± 0.25 

 
 

 
 

TABLE 4.43: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the RBC count in Wistar rats. 

RBC (106/μl) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 8.26 ± 0.52 8.14 ± 0.56 -1.54 ± 1.31  
F 7.85 ± 0.74 7.80 ± 0.62 -0.14 ± 1.32 

G2 DC 
M 8.32 ± 0.41 6.21 ± 0.23 -25.10 ± 2.07 -23.73 ± 2.83 

F 6.99 ± 0.17 5.42 ± 0.20 -22.34 ± 2.43 -30.52 ± 2.50 

G4 
Papaya (C) 

(500 mg/kg) 

M 7.76 ± 0.08 6.59 ± 0.14 -15.02 ± 1.95 6.22 ± 2.26 

F 7.35 ± 0.09 6.63 ± 0.05 -9.82 ± 1.10 22.24 ± 0.90 

G5 
Neem (N) (200 

mg/kg) 

M 7.77 ± 0.30 6.70 ± 0.29 -13.80 ± 1.15 7.96 ± 4.61 

F 6.84 ± 0.24 7.85 ± 0.61 14.88 ± 7.92 44.74 ± 11.26 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 7.57 ± 0.40 7.05 ± 0.24 -6.34 ± 2.76 13.55 ± 3.82 

F 7.22 ± 0.16 6.57 ± 0.20 -8.68 ± 3.99 21.17 ± 3.72 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 8.59 ± 0.23 8.12 ± 0.24 -5.30 ± 2.56 30.84 ± 3.79 

F 7.22 ± 0.15 7.00 ± 0.39 -2.88 ± 6.02 29.01 ± 7.28 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 6.91 ± 0.48 6.91 ± 0.38 1.21 ± 5.18 11.34 ± 6.19 

F 7.13 ± 0.16 6.39 ± 0.25 -9.88 ± 5.08 17.88 ± 4.68 
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FIGURE 4.26: The graph illustrates the percentage change in RBC count in each group over a seven- day 

period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#). ****: p<0.0001, ***: p< 0.001, *: P<0.05. 
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Leukocytosis has been clearly observed 24 hour post HS in all groups and an improvement 

in this condition have been seen at 72 hour (Table 4.44). WBC count in the end indicates a 

recovery in all the treatment groups when compared to DC group in which WBC count 

remained higher significantly (Fig. 4.27). 

%
ch

a
n

g
e 

in
 R

B
C

 



Chapter 4 Results 

111 

 

 

TABLE 4.44: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the WBC count in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

WBC (103/μl) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 8.13 ± 0.02 8.93 ± 0.41 9.57 ± 0.58 9.50 ± 0.11 

F 6.57 ± 0.06 6.17 ± 0.51 7.33 ± 0.41 6.97 ± 0.82 

G2 DC 
M 7.22 ± 0.93 12.02 ± 0.85 11.76 ± 0.67 17.20 ± 2.92 

F 6.06 ± 0.86 12.56 ± 1.18 12.08 ± 2.90 11.20 ± 1.60 

G4 
Papaya (C) 

(500 mg/kg) 

M 10.92 ± 1.71 29.60 ± 13.23 10.72 ± 1.11 10.72 ± 1.00 

F 6.28 ± 0.63 17.28 ± 2.41 17.06 ± 3.07 7.56 ± 1.15 

G5 
Neem (N) 

(200 mg/kg) 

M 9.82 ± 1.48 14.68 ± 2.23 10.34 ± 2.43 10.62 ± 1.85 

F 8.56 ± 1.50 10.64 ± 1.73 11.08 ± 0.84 9.74 ± 1.86 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 6.15 ± 0.68 15.15 ± 3.71 10.95 ± 1.11 7.20 ± 1.36 

F 6.32 ± 0.78 16.05 ± 3.04 10.08 ± 0.71 6.10 ± 0.69 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 7.70 ± 0.75 22.63 ± 2.20 9.57 ± 1.30 7.77 ± 0.39 

F 7.60 ± 1.09 12.93 ± 2.17 10.33 ± 1.42 7.47 ± 1.01 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 11.65 ± 0.90 10.52 ± 2.41 15.17 ± 3.28 10.23 ± 0.76 

F 7.70 ± 0.82 11.92 ± 2.45 10.20 ± 1.77 7.40 ± 0.47 

 

TABLE 4.45: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the WBC count in Wistar rats. 

WBC (103/μl) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 8.13 ± 0.02 9.50 ± 0.11 16.79 ± 0.99  

F 6.57 ± 0.06 6.97 ± 0.82 5.65 ± 11.63 

G2 DC 
M 7.22 ± 0.93 17.20 ± 2.92 159.62 ± 56.52 81.05 ± 30.77 

F 6.06 ± 0.86 11.20 ± 1.60 88.07 ± 19.82 17.89 ± 16.86 

G4 
Papaya (C) 

(500 mg/kg) 

M 10.92 ± 1.71 10.72 ± 1.00 5.11 ± 13.64 -37.67 ± 5.81 

F 6.28 ± 0.63 7.56 ± 1.15 26.87 ± 23.05 -56.05 ± 6.67 

G5 
Neem (N) (200 

mg/kg) 

M 9.82 ± 1.48 10.62 ± 1.85 12.38 ± 15.17 -38.26 ± 10.73 

F 8.56 ± 1.50 9.74 ± 1.86 20.08 ± 17.12 -43.37 ± 10.82 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 6.15 ± 0.68 7.20 ± 1.36 20.88 ± 20.72 -58.14 ± 7.92 

F 6.32 ± 0.78 6.10 ± 0.69 7.71 ± 23.39 -64.53 ± 3.98 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 7.70 ± 0.75 7.77 ± 0.39 5.85 ± 11.65 -54.84 ± 2.28 

F 7.60 ± 1.09 7.47 ± 1.01 3.19 ± 15.18 -56.59 ± 5.85 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 11.65 ± 0.90 10.23 ± 0.76 -8.08 ± 12.01 -40.50 ± 4.43 

F 7.70 ± 0.82 7.40 ± 0.47 0.56 ± 9.97 -56.98 ± 2.71 
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FIGURE 4.27: The graph illustrates the percentage change in WBC count in each group over a seven- day 

period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ***: p< 0.001, **: p<0.01, *: P<0.05. 

 

4.2.2.1.4 Effect on Neutrophils count 

 
 

At 24 hours post HS the Neutrophils were higher in all the groups but in the end it was 

progressed to be in the normal range. In fact in some of the male treatment groups (G6, 

G7, and G8) have sown a little decrease in the end (Table 4.46, Fig. 4.28). 
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TABLE 4.46: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Neutrophils % in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Neutrophils (%) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 65.67 ± 2.09 69.33 ± 1.25 71.67 ± 4.25 71.33 ± 2.62 

F 61.67 ± 5.14 65.00 ± 5.12 66.00 ± 3.89 63.67 ± 4.33 

G2 DC 
M 62.60 ± 1.86 76.60 ± 1.84 70.80 ± 2.15 72.60 ± 5.03 

F 57.60 ± 4.14 74.80 ± 2.21 68.80 ± 3.97 65.00 ± 2.71 

G4 
Papaya (C) 

(500 mg/kg) 

M 68.60 ± 1.06 74.40 ± 2.73 67.20 ± 2.85 71.20 ± 1.69 

F 63.00 ± 4.99 76.80 ± 2.85 76.40 ± 2.53 71.00 ± 3.72 

G5 
Neem (N) 

(200 mg/kg) 

M 69.20 ± 2.47 75.60 ± 3.08 69.60 ± 4.55 71.20 ± 2.70 

F 63.80 ± 3.32 73.80 ± 1.81 67.40 ± 3.06 70.00 ± 5.11 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 66.33 ± 4.77 76.00 ± 3.62 68.50 ± 2.78 58.33 ± 3.58 

F 60.67 ± 3.60 74.50 ± 3.40 64.17 ± 2.10 60.67 ± 4.10 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 70.17 ± 2.14 78.83 ± 2.97 62.50 ± 1.45 67.33 ± 1.67 

F 65.00 ± 2.34 75.33 ± 2.36 68.50 ± 3.29 69.33 ± 5.03 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 73.00 ± 3.36 69.67 ± 4.33 76.17 ± 2.26 66.67 ± 6.28 

F 63.17 ± 3.18 69.67 ± 4.75 66.00 ± 3.50 72.00 ± 2.38 

 

 

 
 

TABLE 4.47: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Neutrophils % in Wistar rats. 

Neutrophils (%) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 65.67 ± 2.09 71.33 ± 2.62 8.56 ± 0.77  

F 61.67 ± 5.14 63.67 ± 4.33 3.78 ± 1.64 

G2 DC 
M 62.60 ± 1.86 72.60 ± 5.03 15.70 ± 6.53 1.78 ± 7.05 

F 57.60 ± 4.14 65.00 ± 2.71 15.30 ± 9.02 2.09 ± 4.25 

G4 
Papaya (C) 

(500 mg/kg) 

M 68.60 ± 1.06 71.20 ± 1.69 4.03 ± 3.77 -1.93 ± 2.33 

F 63.00 ± 4.99 71.00 ± 3.72 17.91 ± 15.18 9.23 ± 5.72 

G5 
Neem (N) (200 

mg/kg) 

M 69.20 ± 2.47 71.20 ± 2.70 3.65 ± 5.96 -1.93 ± 3.72 

F 63.80 ± 3.32 70.00 ± 5.11 10.97 ± 8.99 7.69 ± 7.86 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 66.33 ± 4.77 58.33 ± 3.58 -7.86 ± 13.03 -19.65 ± 4.94 

F 60.67 ± 3.60 60.67 ± 4.10 1.41 ± 8.15 -6.67 ± 6.30 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 70.17 ± 2.14 67.33 ± 1.67 -3.64 ± 3.45 -7.25 ± 2.30 

F 65.00 ± 2.34 69.33 ± 5.03 6.95 ± 8.12 6.67 ± 7.74 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 73.00 ± 3.36 66.67 ± 6.28 -8.22 ± 8.94 -8.17 ± 8.64 

F 63.17 ± 3.18 72.00 ± 2.38 15.76 ± 8.19 10.77 ± 3.66 
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FIGURE 4.28: The graph illustrates the percentage change in Neutrophils % in each group over a seven- 

day period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. No statistical significance was seen when compared 

to (#) Disease control group. 

 

4.2.2.1.5 Effect on Lymphocyte count 

 
 

Once the HS has been induced the lymphocyte count in all groups was suppressed at 24 

hours. It remained suppressed even at the end of the experiment but degree of severity was 

less. Male rats in G7 have shown significantly (P<0.05) higher leukocyte count change in 

21 days when compared with DC group, where as female groups have exhibited an overall 

fall in leukocyte percentage (Table 4.48, Fig. 4.29) 
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TABLE 4.48: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Lymphocyte % in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Lymphocytes (%) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 28.67 ± 2.05 29.67 ± 2.25 26.67 ± 1.18 27.33 ± 2.01 

F 30.67 ± 4.99 28.00 ± 2.94 26.67 ± 3.12 27.00 ± 3.34 

G2 DC 
M 32.00 ± 1.71 18.80 ± 2.13 20.00 ± 4.79 25.20 ± 2.05 

F 37.20 ± 4.27 21.00 ± 2.16 29.20 ± 2.67 26.80 ± 4.11 

G4 
Papaya (C) 

(500 mg/kg) 

M 25.20 ± 1.67 21.20 ± 2.76 22.80 ± 1.24 28.00 ± 2.38 

F 31.40 ± 4.24 18.80 ± 3.09 23.20 ± 3.26 19.40 ± 2.79 

G5 
Neem (N) 

(200 mg/kg) 

M 24.80 ± 2.19 19.80 ± 3.22 24.80 ± 2.35 26.60 ± 4.70 

F 31.20 ± 3.72 22.00 ± 1.83 24.40 ± 4.95 27.00 ± 3.37 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 29.00 ± 4.46 19.83 ± 3.47 35.67 ± 3.36 26.33 ± 2.70 

F 33.83 ± 3.73 20.17 ± 3.60 33.67 ± 4.06 30.83 ± 2.56 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 24.17 ± 2.01 16.00 ± 3.27 27.50 ± 1.59 33.00 ± 1.51 

F 30.33 ± 2.85 13.50 ± 4.32 25.50 ± 4.81 27.17 ± 3.25 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 22.00 ± 2.88 25.83 ± 4.55 27.67 ± 5.78 19.33 ± 2.11 

F 32.00 ± 3.14 25.50 ± 5.06 23.17 ± 2.26 29.17 ± 3.62 

 

 

 
 

TABLE 4.49: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Lymphocyte % in Wistar rats. 

Lymphocytes (%) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 28.67 ± 2.05 27.33 ± 2.01 -4.55 ± 2.26  

F 30.67 ± 4.99 27.00 ± 3.34 -9.63 ± 3.73 

G2 DC 
M 32.00 ± 1.71 25.20 ± 2.05 -18.98 ± 10.34 -7.80 ± 7.50 

F 37.20 ± 4.27 26.80 ± 4.11 -24.43 ± 10.63 -0.74 ± 15.21 

G4 
Papaya (C) 

(500 mg/kg) 

M 25.20 ± 1.67 28.00 ± 2.38 11.59 ± 7.73 11.11 ± 9.45 

F 31.40 ± 4.24 19.40 ± 2.79 -38.31 ± 2.03 -27.61 ± 10.42 

G5 
Neem (N) (200 

mg/kg) 

M 24.80 ± 2.19 26.60 ± 4.70 14.52 ± 26.13 5.56 ± 18.67 

F 31.20 ± 3.72 27.00 ± 3.37 -8.83 ± 12.18 0.75 ± 12.56 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 29.00 ± 4.46 26.33 ± 2.70 0.47 ± 18.91 4.50 ± 10.73 

F 33.83 ± 3.73 30.83 ± 2.56 -0.18 ± 16.71 15.05 ± 9.56 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 24.17 ± 2.01 33.00 ± 1.51 40.78 ± 12.07 30.95 ± 5.97 

F 30.33 ± 2.85 27.17 ± 3.25 -9.33 ± 9.60 1.37 ± 12.13 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 22.00 ± 2.88 19.33 ± 2.11 -6.92 ± 10.78 -23.28 ± 8.37 

F 32.00 ± 3.14 29.17 ± 3.62 -7.85 ± 8.75 8.83 ± 13.50 
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FIGURE 4.29: The graph illustrates the percentage change in Lymphocyte % in each group over a seven- 

day period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#).*: P<0.05. 

 

4.2.2.1.6 Effect on Hemoglobin 

 
 

At 24 hours post HS, mixed results were seen in all the groups. Majority of the groups 

have shown a decline in hemoglobin level while some has shown an incline as well (Table 

4.50) but in all groups a consistent and significant (p<0.0001, p<0.001, p<0.01) decline in 

hemoglobin levels was seen after 3 days (i.e. at 72 hour time point) when compared with 

NC group (Fig. 4.30). The decline in hemoglobin concentration at 72 hour was ranged 

20% to 33%. Post this time point a recovery has been seen indicated by an increase in Hb 

level in the end than what it was after 3 days (Table 4.50, Fig. 4.31). 
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TABLE 4.50: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Hemoglobin concentration in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Hemoglobin (g%) or (g/dl) 

Group Treatment Sex 0 Hour 24 Hours 72 hour 7 days 

G1 NC 
M 14.67 ± 0.57 14.40 ± 0.09 14.50 ± 0.32 14.67 ± 0.40 

F 12.17 ± 0.72 12.63 ± 0.89 12.73 ± 0.65 13.17 ± 0.64 

G2 DC 
M 15.06 ± 0.67 13.48 ± 1.15 10.32 ± 0.31 12.52 ± 0.45 

F 13.84 ± 0.50 14.88 ± 1.28 10.94 ± 1.12 13.14 ± 0.53 

G4 
Papaya (C) 

(500 mg/kg) 

M 14.78 ± 0.26 14.08 ± 0.39 9.64 ± 0.33 13.82 ± 0.38 

F 14.34 ± 0.46 14.36 ± 0.78 10.80 ± 0.35 12.68 ± 0.41 

G5 
Neem (N) 

(200 mg/kg) 

M 14.50 ± 0.52 13.58 ± 0.44 9.66 ± 0.41 12.76 ± 0.15 

F 13.50 ± 0.56 13.26 ± 0.37 10.72 ± 0.54 13.40 ± 0.41 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 15.18 ± 0.50 13.02 ± 0.67 10.78 ± 0.35 13.87 ± 0.27 

F 14.35 ± 0.41 13.68 ± 0.54 10.83 ± 0.24 13.48 ± 0.97 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 16.00 ± 0.19 14.28 ± 0.91 10.32 ± 1.02 14.88 ± 0.15 

F 14.37 ± 0.42 12.88 ± 0.37 10.23 ± 0.30 13.90 ± 0.37 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 13.18 ± 0.58 13.45 ± 0.36 9.88 ± 0.41 14.13 ± 0.15 

F 14.13 ± 0.31 14.00 ± 0.79 10.33 ± 0.69 14.08 ± 0.38 

 

TABLE 4.51: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Hemoglobin concentration in Wistar rats. 

Hemoglobin (g%) or (g/dl) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 14.67 ± 0.57 14.67 ± 0.40 0.29 ± 3.06  

F 12.17 ± 0.72 13.17 ± 0.64 8.43 ± 1.05 

G2 DC 
M 15.06 ± 0.67 12.52 ± 0.45 -16.60 ± 2.54 -14.64 ± 3.07 

F 13.84 ± 0.50 13.14 ± 0.53 -5.10 ± 0.88 -0.20 ± 4.01 

G4 
Papaya (C) 

(500 mg/kg) 

M 14.78 ± 0.26 13.82 ± 0.38 -6.36 ± 3.24 10.38 ± 3.05 

F 14.34 ± 1.12 12.68 ± 0.41 -11.39 ± 2.78 -3.50 ± 3.13 

G5 
Neem (N) (200 

mg/kg) 

M 14.50 ± 0.52 12.76 ± 0.15 -11.66 ± 2.41 1.92 ± 1.20 

F 13.50 ± 1.80 13.40 ± 0.41 0.04 ± 5.52 1.98 ± 3.16 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 15.18 ± 0.50 13.87 ± 0.27 -8.19 ± 3.44 10.76 ± 2.19 

F 14.35 ± 0.41 13.48 ± 0.97 -5.42 ± 7.71 2.61 ± 7.37 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 16.00 ± 0.19 14.88 ± 0.15 -6.95 ± 0.99 18.88 ± 1.23 

F 14.37 ± 0.42 13.90 ± 0.37 -3.09 ± 2.28 5.78 ± 2.82 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 13.18 ± 0.58 14.13 ± 0.15 8.22 ± 4.76 12.89 ± 1.16 

F 14.13 ± 0.31 14.08 ± 0.38 0.09 ± 4.51 7.18 ± 2.89 
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FIGURE 4.30: The graph illustrates the percentage change in Hemoglobin concentration in each group 72 

hours after HS. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and 

Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment 

groups are statistically distinct from the control group (#). ****: p<0.0001, ***: p< 0.001, **: p<0.01. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

FIGURE 4.31: The graph illustrates the percentage change in Hemoglobin concentration in each group over 

a seven- day period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and 

Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment 

groups are statistically distinct from the control group (#). ****: p<0.0001. 
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4.2.2.1.7 Effect on Hematocrit level 

 
 

Hematocrit count was significantly decreased in all HS induced groups when compared 

with NC group at 24 hour post HS (Fig. 4.32). This decrease in Hematocrit level was 

consistent even after 3 days at 72 hour time point (Table 4.52) which was then recovered 

till the end of the study indicated by significantly less decline in treatment groups 

compared to DC group (Fig. 4.33). 

 
TABLE 4.52: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Hematocrit % in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Hematocrit (%) 

Group Treatment Sex 0 Hour 24 Hours 72 hour 7 days 

G1 NC 
M 44.17 ± 1.04 43.60 ± 1.66 42.87 ± 0.78 42.70 ± 0.43 

F 39.50 ± 0.80 40.70 ± 0.75 40.43 ± 0.77 39.33 ± 1.05 

G2 DC 
M 44.92 ± 1.21 30.40 ± 1.96 25.32 ± 1.05 34.40 ± 1.10 

F 41.36 ± 1.05 33.68 ± 2.16 31.28 ± 2.74 32.24 ± 1.24 

G4 
Papaya (C) 

(500 mg/kg) 

M 43.08 ± 0.44 32.72 ± 0.73 29.30 ± 1.08 40.28 ± 0.90 

F 42.38 ± 1.12 33.24 ± 1.43 34.16 ± 2.48 38.82 ± 0.99 

G5 
Neem (N) 

(200 mg/kg) 

M 42.16 ± 1.28 33.02 ± 1.62 29.82 ± 1.18 37.20 ± 1.07 

F 39.72 ± 1.80 30.30 ± 1.56 32.62 ± 1.50 35.36 ± 1.65 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 44.43 ± 2.16 31.07 ± 1.36 33.52 ± 1.03 38.73 ± 0.81 

F 45.70 ± 0.43 31.77 ± 0.92 33.33 ± 0.67 37.68 ± 0.42 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 46.87 ± 1.34 30.42 ± 0.97 36.42 ± 1.76 43.53 ± 1.11 

F 43.10 ± 1.32 31.88 ± 1.20 33.03 ± 0.92 41.50 ± 1.96 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 45.77 ± 1.75 33.82 ± 1.87 33.45 ± 1.23 43.00 ± 1.08 

F 45.27 ± 1.39 36.62 ± 4.47 30.32 ± 1.58 41.68 ± 0.27 

 

TABLE 4.53: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the Hematocrit % in Wistar rats. 

Hematocrit (%) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 44.17 ± 1.04 42.70 ± 0.43 -3.19 ± 1.40  
F 39.50 ± 0.80 39.33 ± 1.05 -0.22 ± 3.58 

G2 DC 
M 44.92 ± 1.21 34.40 ± 1.10 -23.36 ± 1.80 -19.44 ± 2.57 

F 41.36 ± 1.05 32.24 ± 1.24 -21.74 ± 3.88 -18.03 ± 3.15 

G4 
Papaya (C) 

(500 mg/kg) 

M 43.08 ± 0.44 40.28 ± 0.90 -6.49 ± 1.94 17.09 ± 2.63 

F 42.38 ± 1.12 38.82 ± 0.99 -8.36 ± 1.08 20.41 ± 3.07 

G5 
Neem (N) (200 

mg/kg) 

M 42.16 ± 1.28 37.20 ± 1.07 -11.70 ± 1.23 8.14 ± 3.11 

F 39.72 ± 1.80 35.36 ± 1.65 -10.94 ± 1.82 9.68 ± 5.11 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 44.43 ± 2.16 38.73 ± 0.81 -17.25 ± 2.26 12.60 ± 2.36 

F 45.70 ± 0.43 37.68 ± 0.42 -17.51 ± 1.14 16.88 ± 1.29 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 46.87 ± 1.34 43.53 ± 1.11 -7.01 ± 1.41 26.55 ± 3.21 

F 43.10 ± 1.32 41.50 ± 1.96 -3.89 ± 2.29 28.72 ± 6.07 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 45.77 ± 1.75 43.00 ± 1.08 -5.26 ± 4.81 25.00 ± 3.13 

F 45.27 ± 1.39 41.68 ± 0.27 -7.48 ± 2.91 29.29 ± 0.83 
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FIGURE 4.32: The graph illustrates the percentage change in Hematocrit % in each group 24 hours after 

HS. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, ***: p< 0.001, **: p<0.01. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

FIGURE 4.33: The graph illustrates the percentage change in Hematocrit % in each group over a seven- day 

period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#). ****: p<0.0001, ***: p< 0.001, **: p<0.01, *: P<0.05. 
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4.2.2.2 Effect on serum lactate level 

 
 

Serum lactate concentration was measured at 2 time points. Immediately after HS has been 

induced (3 hour post HS) serum lactate levels were significantly (p<0.0001) high in all 

male rats of HS induced groups when compared with NC group and in case of female rats, 

the two groups (DC and G8) have reported significantly (p<0.01) high lactate levels (Fig. 

4.34). In the end when the serum lactate level of all the groups was compared with NC 

group, no statistical significance was seen except in one group. (Male rats of G5). Overall 

we have seen a decline in serum lactate levels during the course of study (Table 4.54). 

 

TABLE 4.54: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the serum lactate level in Wistar rats. (3 hours and 7 days post HS) 

Lactate (mmol/L) 

Group Treatment Sex 3 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 1.28 ± 0.04 1.23 ± 0.05 -3.89 ± 3.03  
F 1.38 ± 0.03 1.36 ± 0.09 -1.28 ± 4.47 

G2 DC 
M 1.68 ± 0.06 1.43 ± 0.05 -14.74 ± 1.75 15.95 ± 3.98 

F 1.71 ± 0.05 1.48 ± 0.07 -13.56 ± 4.03 8.41 ± 5.26 

G4 
Papaya (C) 

(500 mg/kg) 

M 1.76 ± 0.05 1.33 ± 0.07 -24.44 ± 2.53 -6.99 ± 4.99 

F 1.63 ± 0.06 1.46 ± 0.02 -9.36 ± 5.00 -0.95 ± 1.51 

G5 
Neem (N) (200 

mg/kg) 

M 1.65 ± 0.05 1.46 ± 0.06 -11.76 ± 2.16 1.82 ± 4.25 

F 1.51 ± 0.07 1.35 ± 0.07 -10.58 ± 3.61 -8.66 ± 4.97 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 1.74 ± 0.06 1.38 ± 0.07 -20.24 ± 3.40 -3.26 ± 4.99 

F 1.54 ± 0.11 1.46 ± 0.08 -4.97 ± 2.43 -1.56 ± 5.41 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 1.73 ± 0.04 1.42 ± 0.05 -17.66 ± 3.77 -0.47 ± 3.69 

F 1.64 ± 0.06 1.36 ± 0.10 -17.54 ± 5.01 -8.32 ± 6.61 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 1.70 ± 0.04 1.36 ± 0.06 -20.08 ± 3.10 -5.24 ± 4.50 

F 1.66 ± 0.10 1.40 ± 0.08 -14.59 ± 5.67 -5.50 ± 5.23 
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FIGURE 4.34: The graph illustrates the average of all groups’ serum lactate concentration 3 hours after HS. 

The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), ****: p<0.0001, *: P<0.05. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

FIGURE 4.35: The graph illustrates the average of all groups’ serum lactate concentration at the end of the 

study. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#), *: P<0.05. 
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4.2.2.3 Effect on serum bicarbonate level 

 
 

Serum bicarbonate levels were significantly (p<0.01, P<0.05) less in DC group when 

compared with NC group 3 hours after HS (Fig 4.36). In female rats, none of the treatment 

groups has shown such statistical significance but in male rats three treatment groups 

(G4,G5,G6) have shown significantly (p<0.01, P<0.05) low bicarbonate levels. In the end 

bicarbonate levels were normalized and were higher than what it was immediately after 

HS (Table 4.55). 

 

TABLE 4.55: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the serum bicarbonate levels in Wistar rats. (3 hours and 7 days post HS) 

Bicarbonate (mmol/L) 

Group Treatment Sex 3 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 21.17 ± 0.21 21.63 ± 0.25 2.20 ± 0.20  
F 21.60 ± 0.44 22.53 ± 0.87 4.22 ± 2.66 

G2 DC 
M 17.58 ± 0.36 21.60 ± 0.69 23.22 ± 5.32 -0.15 ± 3.19 

F 17.80 ± 0.68 21.10 ± 0.97 18.43 ± 2.27 -6.36 ± 4.33 

G4 
Papaya (C) 

(500 mg/kg) 

M 17.40 ± 0.43 20.54 ± 0.58 18.26 ± 3.72 -4.91 ± 2.71 

F 19.82 ± 0.88 22.50 ± 1.36 13.53 ± 4.66 6.64 ± 6.46 

G5 
Neem (N) (200 

mg/kg) 

M 17.72 ± 1.20 21.20 ± 0.40 21.73 ± 6.92 -1.85 ± 1.87 

F 20.80 ± 1.01 20.96 ± 0.78 1.07 ± 1.36 -0.66 ± 3.72 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 18.17 ± 0.68 22.07 ± 0.67 22.25 ± 5.58 2.16 ± 3.10 

F 20.15 ± 0.69 22.40 ± 0.45 11.82 ± 4.37 6.16 ± 2.11 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 18.87 ± 0.91 21.58 ± 0.67 15.25 ± 4.71 -0.08 ± 3.08 

F 19.67 ± 0.79 22.27 ± 0.37 14.13 ± 5.02 5.53 ± 1.76 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 22.57 ± 0.73 22.88 ± 0.91 1.49 ± 2.89 5.94 ± 4.19 

F 20.87 ± 1.24 21.23 ± 0.88 2.68 ± 4.14 0.63 ± 4.16 
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FIGURE 4.36: The graph illustrates the average of all groups’ serum bicarbonate concentration 3 hours 

after HS. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control group (#). **: p<0.01, *: P<0.05. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

FIGURE 4.37: The graph illustrates the average of all groups’ serum bicarbonate concentration at the end 

of the study. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. No statistical significance has been seen amongst 

the groups. 
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4.2.2.4 Effect on serum glucose level 

 
 

Significantly (p<0.0001, p<0.001, P<0.01, P<0.05) higher serum glucose levels were 

observed in all the groups in which HS was induced except in male rats of G6 and G7 after 

24 hours when compared to NC group (Fig. 4.38). The glucose concentration in serum 

remained high even after 3 days of HS, but then began to fall in all the treatment groups 

but not in DC group. In DC group it remained higher till the end (Table 4.56). On the 

whole an increase in serum glucose level was noted but in treatment groups it tend to get 

normalize rapidly indicated by significantly lesser increase in glucose level when 

compared to DC group at the end. The highest effect was seen and male and female rats of 

G7 (Table 4.57, Fig.4.39). 

 
TABLE 4.56: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the serum glucose level in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Glucose (mg/dl) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 115.63 ± 4.42 111.02 ± 8.64 129.21 ± 3.17 124.04 ± 3.13 

F 125.29 ± 2.99 121.87 ± 1.71 126.15 ± 1.55 129.94 ± 0.28 

G2 DC 
M 138.34 ± 9.73 228.47 ± 9.11 241.06 ± 25.36 211.45 ± 19.42 

F 122.34 ± 3.04 185.02 ± 8.40 181.13 ± 5.33 180.58 ± 4.38 

G4 
Papaya (C) 

(500 mg/kg) 

M 137.41 ± 2.99 232.61 ± 8.10 201.68 ± 9.83 171.44 ± 9.85 

F 118.97 ± 3.80 175.58 ± 11.40 176.40 ± 13.69 112.38 ± 3.40 

G5 
Neem (N) 

(200 mg/kg) 

M 127.83 ± 9.68 161.52 ± 6.95 332.58 ± 4.77 157.84 ± 7.01 

F 121.64 ± 3.15 166.93 ± 10.95 168.46 ± 20.24 130.97 ± 6.31 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 128.98 ± 5.31 160.79 ± 5.76 356.77 ± 13.54 162.81 ± 4.20 

F 127.97 ± 3.39 184.54 ± 9.04 181.53 ± 26.46 157.33 ± 9.42 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 115.30 ± 4.20 143.54 ± 6.97 231.84 ± 11.52 126.62 ± 4.53 

F 125.38 ± 3.43 169.12 ± 5.37 181.73 ± 9.53 131.39 ± 6.23 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 123.44 ± 3.86 218.89 ± 9.18 327.16 ± 20.23 164.24 ± 3.50 

F 125.01 ± 2.65 179.20 ± 9.59 208.94 ± 35.76 160.04 ± 6.72 
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TABLE 4.57: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the serum glucose level in Wistar rats. 

Glucose (mg/dl) 

Group Treatment Sex 0 Hour 7 Days % change In 7 Days 
%change Vs Disease 

control 

G1 NC 
M 115.63 ± 4.42 124.04 ± 3.13 7.50 ± 1.49  
F 125.29 ± 2.99 129.94 ± 0.28 3.93 ± 2.34 

G2 DC 
M 138.34 ± 9.73 211.45 ± 19.42 52.34 ± 6.48 70.47 ± 15.66 

F 122.34 ± 3.04 180.58 ± 4.38 47.74 ± 2.77 38.97 ± 3.37 

G4 
Papaya (C) 

(500 mg/kg) 

M 137.41 ± 2.99 171.44 ± 9.85 24.56 ± 5.90 -18.92 ± 4.66 

F 118.97 ± 3.80 112.38 ± 3.40 -5.07 ± 4.09 -37.76 ± 1.88 

G5 
Neem (N) (200 

mg/kg) 

M 127.83 ± 9.68 157.84 ± 7.01 25.49 ± 6.52 -25.35 ± 3.32 

F 121.64 ± 3.15 130.97 ± 6.31 7.75 ± 4.86 -27.47 ± 3.49 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 128.98 ± 5.31 162.81 ± 4.20 27.70 ± 7.58 -23.00 ± 1.99 

F 127.97 ± 3.39 157.33 ± 9.42 22.92 ± 6.56 -12.88 ± 5.21 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 115.30 ± 4.20 126.62 ± 4.53 9.84 ± 0.88 -40.12 ± 2.14 

F 125.38 ± 3.43 131.39 ± 6.23 4.59 ± 2.74 -27.24 ± 3.45 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 123.44 ± 3.86 164.24 ± 3.50 33.93 ± 5.98 -22.33 ± 1.65 

F 125.01 ± 2.65 160.04 ± 6.72 27.88 ± 3.67 -11.37 ± 3.72 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 

 
FIGURE 4.38: The graph illustrates the percentage change in serum glucose concentration in each group 24 

hours after HS. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and 

Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment 

groups are statistically distinct from the control group (#). ****: p<0.0001, ***: p< 0.001, **: p<0.01, *: 

P<0.05. 
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FIGURE 4.39: The graph illustrates the percentage change in serum glucose concentation in each group 

over a seven- day period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA 

and Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the 

treatment groups are statistically distinct from the control group (#). ****: p<0.0001, ***: p< 0.001, **: 

p<0.01, *: P<0.05. 

 

4.2.2.5 Effect on serum sodium level 

 
 

An increase (p<0.0001, p<0.01, p<0.05) in serum sodium ion level has been noted in all 

the groups in which HS has been induced after 24 hours when compared with NC group 

Fig.4.40). However in all the treatment groups these levels were tend to normalized when 

checked at 72 hours and in the end the levels were within the normal range except in DC 

group where it remained higher consistently (Table 4.58, Fig.4.41). 
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TABLE 4.58: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the serum sodium level in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Sodium (mmol/L) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 126.48 ± 2.56 129.64 ± 3.27 133.27 ± 4.03 132.70 ± 3.05 

F 133.11 ± 4.96 135.68 ± 3.38 134.29 ± 2.84 134.27 ± 3.61 

G2 DC 
M 134.77 ± 6.58 183.67 ± 6.58 180.18 ± 16.91 176.49 ± 5.76 

F 134.22 ± 5.16 198.28 ± 4.33 198.99 ± 10.41 179.82 ± 7.95 

G4 
Papaya (C) 

(500 mg/kg) 

M 132.88 ± 5.86 185.82 ± 5.40 157.58 ± 7.24 144.13 ± 5.08 

F 143.63 ± 3.51 211.57 ± 4.92 166.93 ± 6.54 144.01 ± 2.84 

G5 
Neem (N) 

(200 mg/kg) 

M 120.57 ± 6.18 174.74 ± 4.52 168.76 ± 2.83 133.31 ± 5.50 

F 149.54 ± 5.40 208.30 ± 4.15 159.12 ± 14.36 150.48 ± 7.95 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 140.56 ± 4.86 173.66 ± 2.72 173.23 ± 7.90 143.26 ± 6.14 

F 142.75 ± 3.36 192.55 ± 4.69 160.65 ± 7.43 143.60 ± 9.14 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 143.15 ± 5.17 174.04 ± 2.98 160.94 ± 3.88 127.52 ± 8.04 

F 140.32 ± 4.36 193.55 ± 3.20 151.81 ± 6.13 134.09 ± 3.42 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 143.37 ± 4.71 170.64 ± 8.43 188.66 ± 9.15 134.20 ± 7.47 

F 132.79 ± 3.26 186.32 ± 6.74 153.83 ± 9.89 138.78 ± 2.99 

 

 
 
 

TABLE 4.59: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the serum sodium level in Wistar rats. 

Sodium (mmol/L) 

Group Treatment Sex 0 Hour 7 Day % change In 7 days 
%change Vs Disease 

control 

G1 NC 
M 126.48 ± 2.56 132.70 ± 3.05 5.06 ± 2.93  

F 133.11 ± 4.96 134.27 ± 3.61 1.22 ± 3.35 

G2 DC 
M 134.77 ± 6.58 176.49 ± 5.76 31.79 ± 4.53 33.00 ± 4.34 

F 134.22 ± 5.16 179.82 ± 7.95 34.01 ± 3.70 33.92 ± 5.92 

G4 
Papaya (C) 

(500 mg/kg) 

M 132.88 ± 5.86 144.13 ± 5.08 8.80 ± 2.77 -18.34 ± 2.88 

F 143.63 ± 3.51 144.01 ± 2.84 0.40 ± 1.80 -19.91 ± 1.58 

G5 
Neem (N) (200 

mg/kg) 

M 120.57 ± 6.18 133.31 ± 5.50 11.07 ± 3.54 -24.47 ± 3.12 

F 149.54 ± 5.40 150.48 ± 7.95 0.97 ± 5.15 -16.31 ± 4.42 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 140.56 ± 4.86 143.26 ± 6.14 1.81 ± 1.48 -18.83 ± 3.48 

F 142.75 ± 3.36 143.60 ± 9.14 0.52 ± 5.63 -20.14 ± 5.08 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 143.15 ± 5.17 127.52 ± 8.04 -11.28 ± 3.03 -27.74 ± 4.56 

F 140.32 ± 4.36 134.09 ± 3.42 -4.29 ± 1.71 -25.43 ± 1.90 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 143.37 ± 4.71 134.20 ± 7.47 -6.50 ± 3.65 -23.96 ± 4.23 

F 132.79 ± 3.26 138.78 ± 2.99 4.59 ± 1.49 -22.82 ± 1.66 
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FIGURE 4.40: The graph illustrates the percentage change in serum sodium ion concentration in each group 

24 hours after HS. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA and 

Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment 

groups are statistically distinct from the control group (#). ****: p<0.0001, **: p< 0.01, *: p<0.05. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

FIGURE 4.41: The graph illustrates the percentage change in serum sodium ion concentration in each group 

over a seven-day period. The values are expressed as Mean ± Standard Error of the Mean (n=6). ANOVA 

and Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the 

treatment groups are statistically distinct from the control group (#). ****: p<0.0001, ***: p< 0.001. 
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4.2.2.6 Effect on plasma Vasopressin level 

 
 

Plasma vasopressin level has shown a significantly (p<0.0001, p<0.001) steep rise in all 

the groups exposed to HS condition post 24 hours when compared to NC group (Fig. 

4.42). 

 
TABLE 4.60: Effect of oral dosing of herbal extracts for 15 days (14 days prior inducing HS + 24 hour post 

inducing HS) on the plasma vasopressin concentration in Wistar rats. 

 
 

Plasma Vasopressin (pg/mL) 

Group Treatment Sex 24 hour 

G1 NC 
M 3.56 ± 1.23 

F 5.78 ± 0.83 

G2 DC 
M 16.25 ± 0.65 

F 18.97 ± 1.06 

G4 
Papaya (C) 

(500 mg/kg) 

M 11.64 ± 0.73 

F 18.97 ± 1.84 

G5 
Neem (N) (200 

mg/kg) 

M 23.30 ± 0.94 

F 15.50 ± 2.75 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 8.51 ± 0.70 

F 19.61 ± 1.08 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 28.97 ± 0.30 

F 10.57 ± 1.44 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 33.54 ± 0.54 

F 19.52 ± 1.03 
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FIGURE 4.42: The graph represents the average of all groups' plasma vasopressin concentrations 24 hours 

after HS. The values are expressed as Mean ± Standard Error of Mean (n=6). ANOVA and Dunnett's 

multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control (#) group, ****: p<0.0001, ***: p< 0.001. 

 

4.2.2.7 Effect on serum NF-κB level 

 
 

One day after the HS has been induced, a significant rise (p<0.0001, p<0.001) in serum 

NF-κB level was found in DC group when compared to NC group. This result is not 

applicable to treatment groups as only male rats of two treatment groups (G6 and G7) 

have shown a significant incline (p<0.05) in serum NF-κB level. Apart from these two 

groups no such statistical significance has been noted in any of the treatment groups, on 

the contrary in G4 (female rats) and G5 (both male and female rats) groups, we were not 

able to detect NF-κB level at all as they were below the detection limit (Fig. 4.43). 
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Serum NF-B concentration after 24 hours 
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TABLE 4.61: Effect of oral dosing of herbal extracts for 15 days (14 days prior inducing HS + 3 hour post 

inducing HS) on the serum NF-κB level in Wistar rats. 

 

Serum NF-κB (ng/mL) 

Group Treatment Sex 24 hour 

G1 NC 
M 3.53 ± 0.31 

F 2.72 ± 0.76 

G2 DC 
M 11.58 ± 0.39 

F 7.46 ± 1.11 

G4 
Papaya (C) 

(500 mg/kg) 

M 3.71 ± 0.22 

F ND 

G5 
Neem (N) (200 

mg/kg) 

M ND 

F ND 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 6.27 ± 0.64 

F 4.75 ± 0.46 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 6.43 ± 1.42 

F 5.20 ± 1.01 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 4.11 ± 0.66 

F 3.87 ± 0.61 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
FIGURE 4.43: The graph represents the average of all groups' serum NF-ƘB concentrations 24 hours after 

HS. The values are expressed as Mean ± Standard Error of Mean (n=6). ANOVA and Dunnett's multiple 

comparison tests were used to analyze the data. The asterisk indicates that the treatment groups are 

statistically distinct from the control (#) group. ****: p<0.0001, ***: p< 0.001, *: P<0.05. 
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4.2.2.8 Effect on serum Interleukin–6 (IL-6) level 

 
 

When compared to NC groups, DC group has significantly elevated (P<0.0001) levels of 

IL-6 in the serum samples of both male and female rats. In treatment groups only the 

males of G4 has shown significantly high (p<0.05) level of IL-6. On the other hand when 

compared to NC groups treatment groups G6, G7 and G8 (only female rats) have 

significantly lower (P<0.0001, P<0.001, P<0.01) levels of IL-6 in serum samples (Fig 

4.44). 

 

TABLE 4.62: Effect of oral dosing of herbal extracts for 15 days (14 days prior inducing HS + 24 hour post 

inducing HS) on the serum Interleukin–6 (IL-6) level in Wistar rats. 

 

 
 

Serum IL-6 (pg/mL) 

Group Treatment Sex 24 hour 

G1 NC 
M 84.18 ± 2.86 

F 73.79 ± 2.47 

G2 DC 
M 152.60 ± 6.66 

F 150.39 ± 10.15 

G4 
Papaya (C) 

(500 mg/kg) 

M 119.42 ± 1.11 

F 82.49 ± 1.94 

G5 
Neem (N) (200 

mg/kg) 

M 54.39 ± 6.29 

F 56.88 ± 3.44 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 34.98 ± 2.13 

F 23.96 ± 3.28 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 23.21 ± 2.77 

F 18.84 ± 4.04 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 61.28 ± 20.12 

F 27.30 ± 3.19 
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FIGURE 4.44: The graph represents the average of all groups' serum interleukin - 6 (IL-6) concentrations 

24 hours after HS. The values are expressed as Mean ± Standard Error of Mean (n=6). ANOVA and 

Dunnett's multiple comparison tests were used to analyze the data. The asterisk indicates that the treatment 

groups are statistically distinct from the control (#) group, ****: p<0.0001, ***: p< 0.001, **: p<0.01, *: 

P<0.05. 

 
4.2.2.9 Effect on Rectal temperature 

 
 

No major alterations in the rectal temperature of all the animals have been seen throughout 

the course of study. In fact the rectal temperature was maintained from 33.21°C to 37.87 

°C throughout the study protocol. 
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TABLE 4.63: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the rectal temperature in Wistar rats. (0, 24, 72 hours and 7 days post HS) 

Rectal temperature (°C) 

Group Treatment Sex 0 Hour 24 Hour 72 Hour 7 days 

G1 NC 
M 35.67 ± 1.57 35.70 ± 1.45 34.72 ± 1.13 35.88 ± 0.63 

F 36.37 ± 0.92 37.87 ± 0.63 35.74 ± 0.05 35.15 ± 1.22 

G2 DC 
M 34.60 ± 0.86 35.54 ± 1.24 36.80 ± 0.60 35.99 ± 0.56 

F 36.96 ± 0.53 34.39 ± 0.92 37.00 ± 69.12 36.47 ± 0.49 

G4 
Papaya (C) 

(500 mg/kg) 

M 34.24 ± 0.72 33.96 ± 0.78 33.28 ± 0.79 34.03 ± 1.30 

F 34.26 ± 1.27 34.54 ± 1.06 33.79 ± 1.54 34.81 ± 0.90 

G5 
Neem (N) 

(200 mg/kg) 

M 35.26 ± 0.36 36.86 ± 0.84 34.02 ± 0.28 36.89 ± 1.08 

F 36.84 ± 0.80 37.25 ± 0.60 35.45 ± 1.10 34.31 ± 0.60 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 33.21 ± 1.12 34.08 ± 0.76 34.93 ± 0.87 33.24 ± 1.25 

F 34.10 ± 0.97 34.44 ± 0.80 35.58 ± 0.86 34.96 ± 0.65 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 34.45 ± 0.73 34.01 ± 0.69 35.32 ± 0.71 34.69 ± 1.20 

F 33.23 ± 0.91 35.17 ± 0.66 33.33 ± 1.40 36.69 ± 1.08 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 36.24 ± 0.79 35.30 ± 1.22 37.13 ± 0.74 36.90 ± 0.80 

F 37.07 ± 1.12 34.88 ± 0.83 35.06 ± 0.83 34.91 ± 1.26 

 

 
4.2.2.10 Effect on Body weight 

 
 

No drastic changes have been observed in the body weight of all animals at any time point 

throughout the study. Overall the body weight was increased in all groups in 21 days 

ranging from 1.85% to 3.30%. 

 

TABLE 4.64: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the body weight of Wistar rats. (0, 24, 72 hours and 7 days post HS) 

 
Body weight(gm) 

Group Treatment Sex 0 Hour 24 Hours 72 hour 7 days 

G1 NC 
M 230.83 ± 1.59 232.50 ± 1.24 235.33 ± 0.85 238.00 ± 1.24 

F 230.83 ± 2.92 231.67 ± 3.24 233.17 ± 3.50 235.15 ± 1.22 

G2 DC 
M 230.50 ± 1.01 231.70 ± 0.90 233.60 ± 0.58 238.10 ± 0.76 

F 231.90 ± 3.25 232.70 ± 3.35 233.90 ± 69.12 237.80 ± 3.40 

G4 
Papaya (C) 

(500 mg/kg) 

M 236.90 ± 1.54 238.20 ± 1.59 239.40 ± 1.62 243.90 ± 1.85 

F 233.30 ± 2.04 234.30 ± 1.84 235.80 ± 1.71 238.60 ± 1.77 

G5 
Neem (N) 

(200 mg/kg) 

M 241.30 ± 3.57 241.90 ± 3.75 242.60 ± 3.93 245.80 ± 4.31 

F 235.86 ± 1.66 236.60 ± 1.65 237.90 ± 1.54 241.20 ± 1.53 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 242.25 ± 1.50 243.08 ± 1.57 244.33 ± 1.33 247.92 ± 1.73 

F 235.58 ± 2.62 236.75 ± 2.61 238.33 ± 2.50 241.25 ± 2.57 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 240.83 ± 3.40 241.83 ± 3.21 243.75 ± 3.48 247.83 ± 3.31 

F 236.33 ± 2.23 237.58 ± 2.12 238.75 ± 2.19 242.17 ± 1.26 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 242.58 ± 3.41 243.25 ± 3.42 245.17 ± 3.37 249.17 ± 3.64 

F 238.58 ± 2.19 239.33 ± 2.27 240.75 ± 2.15 245.08 ± 2.03 
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TABLE 4.65: Effect of oral dosing of herbal extracts for 21 days (14 days prior inducing HS + 7 days post 

inducing HS) on the body weight of Wistar rats. 

Body weight (gm) 

Group Treatment Sex 0 Hour 7 Days % change In 7 days 
%change Vs Disease 

control 

G1 NC 
M 230.83 ± 1.59 238.00 ± 1.24 3.11 ± 0.17  

F 230.83 ± 2.92 235.15 ± 1.22 1.90 ± 0.86 

G2 DC 
M 230.50 ± 1.01 238.10 ± 0.76 3.30 ± 0.26 0.04 ± 0.32 

F 231.90 ± 3.25 237.80 ± 3.40 2.54 ± 0.16 1.13 ± 1.45 

G4 
Papaya (C) 

(500 mg/kg) 

M 236.90 ± 1.54 243.90 ± 1.85 2.95 ± 0.35 2.44 ± 0.78 

F 233.30 ± 2.04 238.60 ± 1.77 2.28 ± 0.36 0.34 ± 0.74 

G5 
Neem (N) (200 

mg/kg) 

M 241.30 ± 3.57 245.80 ± 4.31 1.85 ± 0.38 3.23 ± 1.81 

F 235.86 ± 1.66 241.20 ± 1.53 2.27 ± 0.36 1.43 ± 0.64 

G6 
Kalmegh (K) 

(200 mg/kg) 

M 242.25 ± 1.50 247.92 ± 1.73 2.34 ± 0.17 4.12 ± 0.73 

F 235.58 ± 2.62 241.25 ± 2.57 2.41 ± 0.12 1.45 ± 1.08 

G7 
All equal (C,N,K) 

(300 mg/kg) 

M 240.83 ± 3.40 247.83 ± 3.31 2.91 ± 0.23 4.09 ± 1.39 

F 236.33 ± 2.23 242.17 ± 1.26 2.49 ± 0.60 1.84 ± 0.53 

G8 
All equal (C,N,K) 

(500 mg/kg) 

M 242.58 ± 3.41 249.17 ± 3.64 2.71 ± 0.34 4.65 ± 1.53 

F 238.58 ± 2.19 245.08 ± 2.03 2.73 ± 0.35 3.06 ± 0.86 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

CChhaapptteerr 55 

DDiissccuussssiioonn 



Chapter 5 Discussion 

138 

 

 

 
 

CHAPTER-5 

 
Discussion 

 

Currently, dengue is the most swiftly escalating viral disease of the humans’ which foists a 

remarkable social, economical and disease burden in almost every continent of the world. 

The disease starts with a fever accompanied with arthralgia, muscular pain, headache and 

nausea which is if not treated on time can result into its complications. One such 

complication of dengue fever is DHF signalized by thrombocytopenia, mucosal bleeding, 

rashes, frequent vomiting and abdominal pain which may require hospitalization to stop its 

further progression into DSS marked by plasma leakage and increased vascular 

permeability leading to multiple organ failure and circulatory collapse leading to death (1, 

239). So in our study, we aim to target these severe and life threatening complications of 

DF by using three different herbal extracts alone as well as in different combinations 

against two different animal models which are carboplatin induced thrombocytopenia and 

fixed volume bleed out model of hemorrhagic shock. 

 
Plant and plant based products are an extraordinary birthplace of hundreds and thousands 

of medicines from ancient times. They are preferred over allopathic drugs as they are 

considered to be less toxic, cheaper and easily available (57, 176). From decades they are 

being used to treat number of diseases including cancer, diabetes, fungal diseases, several 

viral diseases including against the most recent outbreaks of corona (35). The three plants 

that we have selected in our study, Andrographis paniculata, Azadirachta indica and 

Carica papaya are abundantly available and widely used in India. Medicinal properties of 

different plant extracts are normally contributed by the presence of alkaloids, phenols, 

flavonoids, tannins, triterpenes, glycosides, saponins etc. So before analyzing the activity 

of these plant extracts in animal models they are subjected to authentication and 

identification and various tests prescribed by the Ministry of AYUSH, government of 

India. Total alkaloid content, phenol and tannin content as well as total flavonoids content 

of these extracts were also calculated and then they are evaluated in vivo against two 



Chapter 5 Discussion 

139 

 

 

different animal models. 

 
 

When the DF progresses further to DHF, it gives certain warning signs such as 

breathlessness, nonstop vomiting, abdominal pain, bleeding from various sites (mucosal, 

gum) and rapid and persistent decline in platelet count, a condition known as 

thrombocytopenia (28). According to WHO guidelines, thrombocytopenia in dengue is the 

most potent indicator of clinical severity of the disease, when the platelet count falls below 

1,50,000 per mm3 of blood (2). So in our first in vivo model we tried to evaluate anti 

thrombocytopenic potential of our herbal plant extracts against an animal model of 

thrombocytopenia. 

 
Carboplatin is one of the most triumphant successor of anti cancer drug cisplatin and a 

choice of drug to treat ovarian cancer. Apart from that it is also being used in the treatment 

of several other malignancies such as endometrial cancer, head and neck cancer, tumors 

involving CNS, lung cancer, breast cancer and many more. It was selected to induce 

thrombocytopenia as it is considered to be less toxic when it comes to causing nausea and 

vomiting, neurotoxicity, nephrotoxicity and ototoxicity. This also makes carboplatin a 

drug of choice to treat childhood cancer (240). It produces thrombocytopenia by 

influencing the mature multilineage hemopoietic cells without affecting the stem cells 

(140, 241). 

 
In our experimental model, carboplatin has successfully induced thrombocytopenia as 

noted by the decrease in platelet count. The study was conducted in 12 groups (G1 – G12) 

comprising of 6 mice in each of them and categorized as NC group as G1, DC group as 

G2 and remaining G3 to G12 as treatment groups. Carboplatin was given at the dose of 

125 mg/kg by intraperitoneal injection. When the experiment was started, the average 

thrombocytes count in NC and DC group was (8.88 ± 0.65) × 105/μL and (8.92 ± 0.68) × 

105/μL respectively. As the thrombocytopenia progresses, significant decrease in the level 

of platelets was seen in DC group in comparison to NC group throughout the experiment. 

The same effect on platelet count was seen in all the treatment groups in which carboplatin 

has been given with the highest degree of severity on 7th day post which it gradually 

started to recover in treatment groups. However in DC group where no treatment has been 

given the platelet count remained lower till the end by 32.75%. The maximum effect on 

platelet count was seen in G3 which has received the equal proportion of all the three 
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extracts (84.97% increase) followed by G11 (Azadirachta indica extract, 75.18% increase) 

and G10 (Carica papaya extract, 73.08% increase). 

 
Bleeding time is defined as the time required to put an end to the bleeding (242). Once an 

incision has been made or a blood vessel is punctured or during an injury, haemostatic 

mechanisms will get triggered in our body to stop the bleeding. Primary hemostasis begins 

with vasospasm leading to platelet adhesion and activation followed by platelet 

aggregation which forms a weak platelet plug. Then there will be an involvement of 

clotting factors which will work on stabilizing and strengthening the formed weak platelet 

plug which is a secondary hemostasis mechanism, results in formation of stable clot. The 

time required to form the stable clot formation is clotting time (CT) (243, 244). So, these 

tests are generally performed to evaluate and assess the platelet function which means 

condition like thrombocytopenia affects both BT and CT. 

 
The BT in NC group on day 1 (before the thrombocytopenia was induced) was 21.0 ± 1.2 

sec and in the end it was 19.4 ± 0.9 sec, but in DC group initially it was 19.8 ± 1.2 sec and 

at the end it was 54.3 ± 2.1 sec. However, in all the treatment groups the BT was higher in 

the end when compared with DC group, but the percentage change in BT in 21 days was 

significantly lower. The rise in BT in treatment groups was 22.4 % (G3) to 66.9% (G9) 

when compared with a rise of 197.2% in DC group. Same sort of results were also 

reflected in CT. The CT in NC group did not alter much during the entire coursework (103 

± 1.8 sec on day 1 to 103.8 ± 1.06 sec on day 21) but it got significantly prolonged in DC 

group (101.50 ± 4 sec on day 1 to 153 ± 1.47 sec on day 21, a rise of 48.9 %). Similarly, in 

all the treatment groups, CT was higher at the end than what it was at the beginning but 

when compared to DC group, CT was significantly lower. The maximum efficacy has 

been seen with G3 (18.8% increase). 

 
In this model, WBC count was also found to be decreased in 21 days in all groups in 

which carboplatin were given. Leucopenia is a condition in which WBC count falls below 

4.5 × 106/ μL (245). If we see the data then on Day 7 leucopenia was clinically evident as 

the average WBC count of all the groups was below 4.5 × 106/ μL except in NC group. 

Absence of leucopenia only in NC group indicates that myelosuppression caused by 

carboplatin is responsible for this condition (246). After 7 days it started to recover and 

completely recovered in the end. Some treatment groups have a significant impact on the 
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percentage change in WBC count in comparison with DC group. Groups, G3 (equal 

proportions of all the three extracts) and G11 (Azadirachta indica extract) have shown the 

highest rate of recovery followed by G6 (C, N, K: 25, 25, 50). As leukocytes are largely 

composed of Neutrophils, Neutrophils % was also declined alongside leucopenia and an 

increase in lymphocyte count has been observed. Results obtained also indicate that when 

the extracts are given in combination rather than when given alone, they have shown less 

severe Leucopenia, neutropenia and lymphocytosis. 

 
Anemia is another major consequence of carboplatin chemotherapy (247, 248). Again 

myelosuppression and interfering with erythropoietin synthesis as they tend to cause 

nephrotoxicity are believed to be responsible for anemia. When there is an imbalance 

between the production and survival rate of erythrocytes, it result in anemia (249). The 

normal average lifespan of an erythrocyte is 120 days and within these 120 days immature 

reticulocyte will be produced first and then converted into mature RBCs. These 

erythrocytes are responsible for oxygen carrying capacity of blood as they contain 

hemoglobin (250). Here in this protocol a decline in RBC count as well as reticulocyte 

count has been observed and again the decline was the highest on day 7. Amongst the all 

groups in which thrombocytopenia was induced the decline in RBC count and reticulocyte 

count was the highest in DC group (-29.5% and -30.4%) respectively and significantly 

lowest in treatment groups G3 (-17.9% and -10.2%), G4 (-17.8% and -10.8%). An 

additional major contributing factor to anemia is hemoglobin concentration. Hemoglobin 

level was descended below 10 g/dL in all the groups on day 7 after which a progressive 

recovery in its level has been noted in all groups but not in DC group. In DC group it was 

10.7 ± 0.5 g/dL in the end in contrast to 14.6 ± 0.4 g/dL at the beginning of the experiment 

(a decline of 29.4%). When compared with DC group, statistically significant results were 

obtained in treatment group G3 (5.2% ↓), G9 (7.5% ↓), G12 (9.9% ↓), G4 (12% ↓) G5 

(14.1% ↓), G7 (15.3% ↓). Other treatment groups, in which no such statistical significance 

has been seen, have also their average hemoglobin level above 12 g/dL in the end. 

 
When we focus on anemia, blood indices should also be considered which includes MCV, 

MCH and MCHC. In female mice, the normal range of MCV is 44.2 – 58.5 fL, MCH is 

14.0 – 18.7 pg, and MCHC is 28.4 – 38.5 % (251). In the end the level of MCV and MCH 

was higher in all groups in which carboplatin was given. In treatment groups, an increase 

of 21.8 % (G7) to 39% (G11) in MCV and 3.6 % (G4) to 17.8 % (G12) in MCH was 
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noted, in DC group MCV and MCH was elevated by 29.5 % and 2.1 % respectively when 

compared with the levels at the beginning. In case of MCH though the levels were higher 

at the end than what it was at the beginning, it was in the normal range in most of the 

treatment groups, but in case of MCV it was elevated and above its normal range, which 

makes the RBCs macrocytic. However this can also be the side effect of carboplatin as 

megaloblastic anemia is often seen in patient receiving platinum based compound in their 

chemotherapy regimen (249). In case of MCHC, the levels were decreased in the end 

when compared to the levels before the induction of thrombocytopenia but the levels were 

maintained in the normal range throughout the study. 

 
The last remaining parameter in CBC is Hematocrit concentration. Out of all the groups in 

which carboplatin was given only DC group has shown a decrease in Hematocrit 

concentration by 23.1 % as it was 42.5 ± 1.5 % at the start of the study and it ended with 

34.1 ± 2.3 %. Treatment groups have exhibited no steep incline or decline in Hematocrit  

level, In fact when the treatment groups were compared with DC group a significantly 

high HCT levels were seen in all the groups. 

 
The average body weight of all the groups was decreased over the course of study. In 

treatment groups when the extracts were given alone (G10, G11, G12) the decrease in 

body weight (19.7 %, 18.6 % and 21.5% respectively) was the highest compared to when 

they are given in different combinations. 

 
In this study, G3 has shown the most favorable outcome amongst all the other treatment 

groups in all aspects, so in second in vivo model which targets the second and more severe 

complication of dengue, Dengue Shock Syndrome we aim to evaluate the prophylactic 

role of this combination further. In dengue normally DHF progresses further which results 

in more severe form of thrombocytopenia and enhancement of vascular permeability. This 

is the main culprit of hypovolemia induced shock. Shock can be defined as an emergency 

and life threatening clinical condition arises when the equilibrium of body’s requirement 

and supply of oxygen gets disturbed leading to hypo perfusion, hypoxia, multiple organ 

failure and circulatory collapse. Based on etiology shock can be classified into four types 

(1) Hemorrhagic or hypovolemic shock (2) obstructive shock (3) Cardiogenic shock and 

(4) Distributive shock (252, 253). The signs and symptoms associated with DSS resemble 

with hemorrhagic/ hypovolemic shock (239). So we have used the fixed volume bleed out 
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model to induce hemorrhagic shock condition in our experimental animals. 

 
 

In this animal model, at first hemorrhage is produced by withdrawing a predetermined 

percentage (here, 40% and 60%) of circulatory EBV slowly and gradually over a fix 

period of time and then leaving the animals resuscitated for about 60 minutes to induce 

shock (33,34). The reason for selecting 40 % removal of EBV is because as per the 

advanced trauma life support, the mortality rate is above 30 %, if the bleeding rate is 

greater than 40 % which we wanted to prevent as we wanted to check the effectiveness of 

our treatments (254). The reason for selecting 60% removal of EBV is to check the 

survival of animals. That is why 40% of EBV was removed in all experimental animals 

whereas 60 % of EBV was removed only in one group which served as another DC only 

to check the survival and was monitored carefully throughout the protocol. As far as the 

mortality is concerned, in all groups (except G3) in which sub lethal form of HS (40% of 

EBV) has been induced no animal died but in G3 where lethal form of HS (60% of EBV) 

was induced one male and one female rat died. 

 
Fixed volume bleed out model was selected over the other models as it gives advantages 

to thoroughly examine the pathophysiological changes occur post HS condition which 

reflects in protein and carbohydrate metabolism denoted by alterations in serum level of 

bicarbonate and lactate, glycogen and glucose, various histopathological abnormalities and 

allow us to study Neuroendocrine compensatory mechanisms manifested by changes in 

the levels of vasopressin, activation of NF-ƘB which is a protein transcription factor and 

the resulting cytokine storm, to evaluate the effectiveness of drugs or extracts, and to 

check the survival (33,34). 

 
Here, we need to evaluate our polyherbal extracts against HS condition, but for successful 

evaluation it is essential to check that HS condition has been successfully established in 

experimental animals. To see that, we have evaluated some parameters at 3 hour and 24 

hour post HS. Levels of parameters detected at these two time points will give us an idea 

about the severity of HS condition when compared with NC group in which the HS 

condition has not been induced. Similarly levels of parameters in the end will give us an 

idea about the effect of treatments in HS condition when compared with DC group which 

has received no treatment. 
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Vasopressin or ADH (ant diuretic hormone) is a nonapeptide hormone. In HS conditions 

loss of blood will reduce the blood volume and causes tissue hypo perfusion which 

decreases the blood pressure. Another consequence of depleted intravascular volume is a 

decrease in preload and subsequent decrease in SV and CO. So this activates the 

compensatory mechanisms for the restoration of BP, SV and CO through the activation of 

chemoreceptors and baroreceptors. Their activation will in turn cause vasoconstriction, 

cardiac stimulation and ultimately volume redistribution by activating Renin Angiotensin 

Aldosteron system (RAAS). Activation of RAAS releases vasopressin and catecholamines 

into the blood stream. Thus released vasopressin acts through its receptors, V1a located on 

vascular smooth muscle cells cause vasoconstriction and V2 receptors present in the 

nephron promotes sodium and water reabsorption. Thus released vasopressin exhibits its 

osmoregulatory, hormonal and pressor actions. This explains the high level of vasopressin 

in response to HS condition (110, 255-256). So in this study also the plasma vasopressin 

levels were significantly elevated in all HS induced groups at 24 hour post HS when 

compared to NC group. As mentioned earlier vasopressin promotes sodium and water 

reabsorption, a V2 receptor mediated action. This further facilitates the restoration of 

blood volume (257). So the effect of high levels of vasopressin was reflected by 

significantly high levels of sodium ion in the serum samples of all the animals in which 

HS was induced in comparison to NC group at 24 hour time point. The sodium ion level 

remained marked higher in the serum samples even after 3 days of HS, but eventually 

recovered in the end in all treatment groups. When treatment groups were compared to DC 

group, the percentage change in their level was significantly less. In DC group it shot up 

by 31.79 % and 34.01% in male rats and in female rats respectively. 

 
Resuscitation within an hour of HS is considered as a life saving measure, but 

resuscitation will also give rise to the Ischemia Reperfusion (IR) injury. Formation of 

Reactive Oxygen Species is the major consequence of IR injury leading to apoptosis and 

death, which is mainly responsible for multiple organ failure seen in HS condition. ROS 

triggers the signaling pathway of NF-ƘB which triggers the release of interleukins (IL-1, 

IL- 6), TNF – α and other interferons. Serum levels of NF-ƘB and subsequently released 

IL – 6 are therefore directly associated with the severity of HS (180, 258 - 259). The 

significantly higher levels of NF-ƘB as well as IL-6 found in the serum samples of 

animals at 24 hour time point in DC group denotes that the severity of HS was the highest 

in DC group when compared with NC group. Our study protocol was designed in such a 
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way that all the animals in treatment groups have received treatments for 14 days except 

the animals in NC and DC group and then HS was induced. The effect of our treatment 

was also reflected in these results as the level of NF-ƘB in the serum samples of male rats 

of G5 and female rats of G4 and G5 were below the detection limit and thus remain 

undetected. Similarly in comparison with NC group IL-6 level was significantly elevated 

in DC but significantly diminished in treatment group (male rats of G6 and G7, female rats 

of G6, G7 and G8). In G5, G6, G7 and G8, IL-6 levels were lower than the level in NC 

group. 

 
Another characteristic feature of HS condition is a steep rise in blood glucose level. In this 

model induction of HS will cause hypovolemia, leads to depleted intravascular volume 

and loss of extrastitial fluid. This reduces the capillary pressure and to restore it, 

movement of fluid will take place from interstitium to the plasma in such a way that 

approximately 2 L of fluid will move in during the first 24 - 48 hours of HS. Apart from 

this, to compensate the blood volume, blood glucose level will rise which generate an 

osmotic gradient, as each 1 mmol/L increase in blood glucose level, increases the vascular 

compartment by 17 ml (260, 261). So a raise in blood glucose level is expected post HS 

which was observed in our study at 24 hour time point where the blood glucose levels 

were significantly high in DC group and some of the treatment groups when compared 

with NC group. These glucose levels remained high even after 3 days and they are much 

higher in male rats compared to female rats at this point. However in the end of the study 

when the serum glucose concentration of animals in treatment groups was compared with 

DC group, a significant reduction in blood glucose level was noted in treatment groups. 

The highest efficacy was seen in male and female rats of G7. 

 
Human body utilizes glucose (preferably) as an energy source for which glucose gets 

converted into pyruvate by glycolysis and pyruvate gets converted into acetyl co A which 

enters the Kreb’s cycle for the generation of ATP. However this is an oxidative 

phosphorylation which requires adequate amount of oxygen. In HS condition there will be 

tissue hypo perfusion and hypoxia which limits the oxygen supply and this will provide an 

anaerobic glycolytic condition which produces lactate till the oxygen supply becomes 

adequate and that is why lactic acidosis is very common post HS. It is defined as a 

condition in which the L- lactate levels in blood are above 5 mmol/L and bicarbonate 

levels are below 20 mmol/L and the pH of blood is less than 7.35 (262, 263). Immediately 
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3 hour post HS serum lactate levels were significantly higher and serum bicarbonate levels 

were significantly lower in DC group when compared to NC group. In treatment groups, it 

seems from the results that male rats are more susceptible than female rats because like 

DC group the male rats even in treatment groups have shown significantly higher lactate 

levels but such statistical significance was not seen in female rats. Similarly some of the 

male treatment groups (G4, G5 and G6) where the extracts were given alone, significantly 

less bicarbonate levels were seen at this time point but female rats in treatment group did 

not reflect such change. However the lactate levels were maintained in its normal range in 

spite of significant elevation, bicarbonate levels were below 20 mmol/L except in G8. In 

the end, their levels got recovered in treatment groups as denoted by loss of statistical 

significance when compared to NC group. So overall severe lactic acidosis or alkalosis 

was not evident in this protocol. 

 
In this model of HS, 40 % of circulatory EBV was removed. This acute blood loss results 

in decreased platelets, RBCs, hemoglobin and Hematocrit levels. In our first in vivo model 

the prime focus was thrombocytopenia and excellent results were obtained in G3. This 

treatment has given the same consistency of results against decreased platelet count in 

second model also. A complete reversal of thrombocytopenia (observed at 24 hour post 

HS) has been noted in the end when compared with DC group in G7 (all extracts 

combined in equal proportions, 300 mg/kg) and in G4 (papaya, 500 mg/kg). 

 
A marked fall in RBC count at 24 hour and 72 hour post HS was noted, which remained 

decreased by 25.10 % and 22.34 % in males and females of DC group in the end. RBCs 

levels were significantly high in treatment groups in comparison to DC group in the end 

and the highest recovery rate was seen again in G7 at the end. In case of hemoglobin, 24hr 

post HS no significant variation was observed in their concentration, but 3 days after HS 

has been induced their levels were below 11 g/dL and significantly reduced when 

compared with NC group. The reason behind a fall in RBC count but not in hemoglobin 

concentration immediately after HS is that, in case of bleeding and blood loss our body 

will try to maintain the concentration of remaining blood until the compensatory 

mechanisms get activated. Here, it is achieved by preserving the hemoglobin 

concentration and fluid resuscitation (done after 60 minutes of inducing HS) which will 

dilute the relative concentration of RBCs (264, 265). Once the compensatory mechanism 

will get activated hemoglobin concentration will fall which was observed 3 days after the 
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HS was induced. The hemoglobin levels were back to normal in the end. 

 
 

Our treatments also have a positive impact on Hematocrit level as the Hct levels were 

significantly declined 24 hours post HS in all groups when compared with NC group. In 

the end when it remained steadily high in DC group, treatment groups have shown a 

significant improvement. When all other cell counts were decreased, WBC count was 

significantly elevated in all groups when compared with NC at 24 hour time point. The 

instantaneous temporary increase in WBC count can be the result of compensatory 

mechanism activated to restore the blood volume. This can also trigger the inflammatory 

cascade as a result of interaction of polymorphonuclear leukocytes with endothelial cells 

(266) which is again reflected by high levels of IL-6 post HS. As WBCs are largely 

composed of Neutrophils, their percentage was also higher at 24 hour post HS. Elevated 

WBC count was normalized in treatment groups in the end but remained higher in DC 

group by 159.62 % and 88.07 % in male rats and female rats of DC group respectively. 

Animals in G7 group have shown the highest recovery in WBC count. 

 
In this experiment HS condition has no impact on either rectal temperature or body 

weight. No significant incline or decline has been observed in these two parameters at any 

time point during the entire coursework in any group. These two parameters remained 

normal throughout the study plan. 
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CHAPTER-6 

 
Summary and Conclusion 

 

Summary: 

 
 

Effect of polyherbal extracts against carboplatin induced thrombocytopenia in mice 

 
 

 Treatment with polyherbal extracts completely reversed the thrombocytopenia 

caused by carboplatin. In the end, all treatment groups had higher platelet counts 

than at the start of the experiment. The most effective treatment groups were G3, 

G11, and G10. 

 Thrombocytopenia affects both Bleeding and Clotting Time. The treatment groups' 

percentage change in BT and CT over 21 days was much less than the DC group's. 

G3 animals have showed the most promise. 

 Though thrombocytopenia was the main emphasis, the effect of carboplatin on 

other blood cell counts cannot be overlooked. Carboplatin, a myelosupressive 

medication, causes pancytopenia (with reduction in haemoglobin concentration) in 

all groups; however treatment groups had lesser pancytopenia and recovered faster 

than DC groups. Though less noticeable than the effect on platelet count, the 

increase in these cell counts has made a significant difference in severity and 

recovery. G3 showed the most promising results of all therapy groups. 

 The animals' body weight decreased dramatically when given alone, but not when 

given together. 

 Our plant extracts were known for their therapeutic capabilities and were used in 

many approved herbal compositions. However, in this protocol, the most positive 

effects were observed when they were given in equal combinations (G3), once 

daily, at a dose of 300 mg/kg of body weight for 21 days. 
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Effect of polyherbal extracts against fixed volume bleed out model of hemorrhagic 

shock 

 
 In this model, we compared our results to the NC group to assess the severity of 

the condition, and to the DC group to determine the effectiveness of treatment. 

 It was shown that the equal combination of all three herbal extracts gave the best 

possible outcome in previous in vivo animal model (carboplatin induced 

thrombocytopenia) at the dose of 300mg/kg. We tested the same dose (300 mg/kg) 

and a larger dose (500 mg/kg) to see if the effects were dose dependent. Despite 

increasing the dose, the highest impact was recorded at 300mg/kg. The study found 

both doses to be safe as there was no death or morbidity. 

 Withdrawing 40% of circulatory EBV was a good decision since no death was 

seen in any of the groups subjected to sub lethal bleeding. G3 was intended to test 

animal survival after removing 60% of circulatory EBV and HS condition has 

killed 1 male and 1 female animal in G3. 

 Increased plasma vasopressin and subsequent high sodium ion levels in serum 

samples, increased nuclear factor-kappa B (NF-ƘB), increased interleukin 6 (IL-6), 

increased blood glucose, increased lactate and decreased bicarbonate levels, 

decreased platelet and RBC count and increased WBC count, decreased 

haemoglobin (at 72 hour) indicate the presence of hemorrhagic Shock. 

 No evidence of metabolic acidosis or alkalosis. 

 HS had no effect on body weight or rectal temperature in this study. 

 The effect on platelet count was similar in this study regimen. The platelet count 

increased in all treatment groups, with the highest significant increases in G4 

(Carica Papaya extract, 500 mg/kg) and G7 (all extracts combined at 300 mg/kg). 

 Sodium and glucose levels in serum samples of DC rats remained high, but were 

considerably lower in treatment groups. Similarly, lactate and bicarbonate levels 

were adjusted to normal in the end. The blood cell count and haemoglobin levels 

also improved. Hemoglobin concentration declined about 10 g/dL, but ended up 

being over 12.5 g/dL in all groups. At the conclusion point, in treatment groups, 

the Hematocrit concentration was normalized. 

 Though many studies suggest that males are more susceptible to HS condition 

compared to Females, such notion only partially reflected in our study which is not 
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enough to arrive at any concrete conclusion regarding the role of gender difference 

in disease severity. 

 Overall results suggest that the treatment with equal proportion of all three extracts 

at the dose of 300 mg/kg (G7) given by oral route once a day has shown the most 

promising results amongst other treatment groups and has given the most favorable 

outcome. 

 

 
 

Conclusion 

When extracts are given alone, they are beneficial, but when combined, they are superior 

and noticeable. When taken orally once a day at a dose of 300 mg/kg, an equal 

combination of all three plant extracts, methanolic extract of the whole aerial body of 

Andrographis Paniculata and aqueous extracts of the leaves of Carica Papaya and 

Azadirachta Indica, will totally reverse thrombocytopenia. Though we are evaluating the 

effect of our herbal extracts on dengue fever complications, DHF and DSS, this 

combination may be used to halt the progression of thrombocytopenia in other situations 

such as chemotherapy. If we can halt the evolution of thrombocytopenia, we can also 

hamper the progression of DHF into its more severe form; nevertheless, if DHF develops 

to DSS, this combination may also play a protective function in DSS. As a result, it can be 

used alone or in conjunction with traditional treatments to alleviate symptoms and thereby 

improve overall quality of life. In the current environment, where no specific antiviral 

medication therapy or dengue vaccine is available, this can be a life-saving intervention. 
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Keywords: ABSTRACT: Thrombocytopenia, a condition in which platelet count decreases 

Dengue Hemorrhagic Fever (DHF),   
(<150-450 × 109/L), occurs as a result of clinical conditions such as viral 

Thrombocytopenia, Carboplatin,   infections or cancer or as a side effect of chemotherapy or it can be inherited, but 

Polyherbal formulation, Carica  if not treated on time it can be life threaten-ing. So, here we have evaluated the 

papaya, Azadirachta indica, anti-thrombocytopenic potential of three plant extracts (aqueous extracts of 

  Andrographis paniculata Carica papaya and Azadirachta indica, methanolic extract of Andrographis 

Correspondence to Author: paniculata) individually and their equal, unequal, half, and double proportionate 

Vaibhavi B. Thacker combinations    against    carboplatin    induced    thrombocytopenia    in    mice. 
Thrombocytopenia has been induced successfully in all the treatment groups as 

Plot No. B/21, well as in the disease control group, followed by a single intraperitoneal 
B/h Toral Garden, 

injection of carboplatin at the dose of 125 mg/kg of body weight. The extent of 
Mundra Relocation Site, Bhuj, 

thrombocytopenia was the highest on day 7. Platelet count was significantly low 
Kachchh - 370001, Gujarat, India. 

in the disease control group (p<0.0001) compared to all other groups starting 
E-mail: vaibhavi_thacker01@yahoo.com       from day 7 to the end. All groups have responded to their respective treatment 

and have shown an increase in platelet count gradually with maximum effect on 

day 21, even more than the count on day 1. Our findings were further supported 

by bleeding time and clotting time. Both of these parameters remain almost 

unchanged in the normal control group but have been significantly prolonged 

(p<0.0001) in the disease control group, indicating an effect of fall in platelet 

count. When compared to the disease control group, all treatment groups have 

significantly less bleeding time (p<0.0001) and clotting time (p<0.0001). 

INTRODUCTION: Thrombocytopenia is a 

clinical condition characterized by a decrease in 

platelet count (<150-450 × 109/L) 1, 2. Platelets, also 

known as thrombocytes, are color-less blood cells, 

play an important role in the blood clotting process, 

and hence a fall in platelet count can hamper the 

process of blood clotting and prolong the bleeding 

time 2. 
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Thrombocytopenia can be inherited, for example, 

Bernard-Soulier syndrome or acquired. In any 

circumstances, if platelet production is constantly 

decreased, which happen in the case of Myelo- 

fibrosis, Myelodysplastic syndromes, hematologic 

malignancies, severe vitamin/iron deficiency and 

use of drugs such as chemo-therapeutic agents, 

alcohol responsible for bone marrow damage or 

platelet consumption or destruction is constantly 

increased which happen in case of primary and 

secondary immune thrombocytopenia (ITP) caused 

by Canale-Smith syndrome, Post-trans fusional 

purpura, viral infections such as Dengue and its 

complications, Hepatitis C and sometimes it is 

drug-induced, or during pregnancy will eventually 

lead to thrombocytopenia 3. 

mailto:vaibhavi_thacker01@yahoo.com
http://www.ijpsr.com/
http://dx.doi.org/10.13040/IJPSR.0975-8232.12(1).395-02


Thacker and Rachchh, IJPSR, 2021; Vol. 12(1): 395-402. E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research   396 

 

 

 

Plant and plant-based herbal products have always 

been an important source of drug discovery and 

evaluation from the ancient times because of their 

high accessibility and lesser side effects 4. The 

successful use of herbal products in the treatment 

of cancer has opened new gates in the field of 

herbal product screening and research. The World 

Health Organization (WHO) has advised people to 

interact and explore nature for safe, effective, and 

affordable remedies against diseases 5. So to 

explore the rich Indian heritage and Ayurveda, 

Siddha, and Unani system of medicine, we have 

incorporated three different plant extracts into this 

protocol, which are aqueous extracts of papaya 

leaves and neem leaves as well as methanolic 

extract of the whole aerial body of kalmegh. 

Carica papaya, commonly known as “Papaya” 

(family: Caricaceae) is a fast-growing shrub, 

reaches three to ten meters in height, grows best in 

warm, sunny sites, and having native to central 

America, now widely distributed to various tropical 

regions of the world 6. Every part of the plant is 

known for its medicinal properties. The 

phytochemical analysis states the presence of 

various primary and secondary metabolites, which 

are flavonoids such as quercetin and kaempferol, 

terpenoids, alkaloids such as carpaine, phytosterols, 

carbohydrates, saponins, phenolics, tannins and 

glycosides, and being a lactiferous plant, it also 

contains papain, chymopapain, and other enzymes 

that aid the process of digestion 6, 7. For years 

various parts of the plant are used as anti-bacterial, 

anti-fungal, anti-viral, anti-inflammatory, anti- 

thrombocytopenic, anxiolytic and sedative, anti- 

hypertensive, hypoglycemic, free radical scavenger 

and anthelmintic, just a few 8, 9. 

Another very useful and popular plant abundantly 

available in India is Azadirachta indica, commonly 

known as “Neem” belongs to the family Meliaceae. 

It is a large, tall, an evergreen tree, having origins 

in India but now cultivated in almost every 

continent of the world 10. A decoction of seeds, 

leaf, bark, and fruit of neem has been a traditional 

folk medicine in India. Several studies have been 

done, and have documented its anti-bacterial, 

hepatoprotective, anti-fungal, anti-viral, anti- 

oxidant, anti-diabetic, and anti-malarial properties 
11, 12 contributed to the presence of azadirachtin, 

nimbin, nimbolide, salanin, gedunin, nimbanene, 

nimbandiol, ascorbic acid flavonoids such as 

quercetin and β-sitosterol, saponins, triterpenoids 

and phenolic compounds 13. 

Andrographis paniculata, commonly known as 

“Kalmegh” or “King of Bitters,” belongs to the 

family Acanthaceae is an annual herbaceous plant. 

It is one of the very important constituents of many 

ayurvedic formulations 14. It contains glycosides, 

mainly bitter ones, diterpenoids, and flavonoids 

with andrographolide as a principal constituent 

present in all parts of the plant 15. It is a folklore 

medicine useful as anti-inflammatory, anti- 

malarial, anti-bacterial, cardiovascular protector, 

hepatoprotective, anti-obesity, anti-diabetic and 

anti-cancer 16. 

Acute and chronic toxicity studies of these plants 

are very well reported 17-24. However, there are 

innumerable herbs that may have the potential are 

waiting to be assessed; one should never forget that 

any of these, if not tested, can be fatal to human 

life. In the past few years, complementary and 

alternative medicine has gained tremendous 

popularity, so to arrive at any definite conclusion 

and going further in the field of herbal product 

research and development, we must evaluate their 

efficacy, safety and toxicity in animal models by 

in-vitro or in-vivo means. 

MATERIALS AND METHODS: 

Animals: Seventy-two healthy adult female swiss 

albino mice (Accuprec Research Labs. Pvt. Ltd., 

Ahmedabad, India) weighing 30–40 g were housed 

in an animal house facility under standard 

laboratory conditions (12:12 h light: dark cycle, 

relative humidity 30-70%, temperature 22 ± 3 °C, 

recorded thrice daily) in clean, sterilized poly- 

propylene cages (6 mice per cage). The mice were 

fed standard certified rat pellet feed (manufactured 

by Keval Sales Corporation, Vadodara) and 

drinking water treated by reverse osmosis, provided 

ad libitum. The experiment was carried out in strict 

accordance with guidelines set by the Committee 

for the Purpose of Control and Supervision of 

Experiments on Animals (CPCSEA), New Delhi, 

India. The procedures used in this protocol were 

reviewed and approved by the institutional animal 

ethics committee (ARL/PT/749/2019) before the 

initiation of the experiments. 
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Preparation of Plant Extracts: 

Collection of Plant Material: Dry powder of 

Carica papaya leaves was obtained from Universal 

Agri Exports, Ahmedabad. Dry powder of 

Andrographis paniculata was obtained from Shri 

Shail herbs Pvt. Ltd, Nagpur. Neem leaves were 

collected from local areas of the Ahmedabad, dried 

under a shed and powdered to talc consistency in a 

mixer grinder and sieved. After collection, samples 

of collected plants and powders were sent to M.S. 

University, Baroda, for its identification and 

authentication. Our samples were evaluated for its 

identification and authenticity by the Department of 

Botany under specimen number Bot/21617/aut. 

Extraction Procedure: Dried powder of 

Andrographis paniculata was extracted 

consecutively with absolute methanol (Merck, 

India) (1:5 w/v) for three days in dark condition. 

After three days, it was filtered (Whatman filter 

paper, grade 1) and evaporated under reduced 

pressure at 45 °C to dryness, stored at -4 °C 24. Dry 

powders of Azadirachta indica and Carica papaya 

were subjected to aqueous extraction by cold 

maceration method 25. Dry powders were extracted 

with chloroform and distilled water (2.5:97.5) in a 

ratio of (1:10) continuously for 3 days, and then it 

is filtered. The collected filtrate was then 

concentrated under reduced pressure at 45 °C and 

kept at -4 °C till use. 

Induction of Thrombocytopenia: All the animals 

were divided into 12 groups (six animals each). 

Thrombocytopenia was induced in all groups 

except in the normal vehicle control group by a 

single intraperitoneal injection of carboplatin 

(Fresenius Kabi Oncology Ltd.) at the dose of 125 

mg/kg of body weight 26. 

Grouping and Treatment: At first, all the animals 

were weighed, and grouping was done based on 

their body weight, then thrombocytopenia was 

induced, and treatments were initiated by an oral 

route on the same day and continued for 21 days. 
 

TABLE 1: GROUPING OF ANIMALS INTO CONTROL AND TREATMENT GROUPS 

S. no. Group No. of animals Dose concentration (mg/kg) 

1 G1 6 Female Normal Control (CMC 0.5%) 

2 G2 6 Female Disease Control (Carboplatin 125 mg/kg ip.) 

3 G3 6 Female T01 (300 mg/kg, p.o.) Equal proportion (33.33% of all the three extracts) 
4 G4 6 Female T02 (300 mg/kg, p.o.) (C:N:Kin ratio of 50,25,25%) 

5 G5 6 Female T03 (300 mg/kg, p.o.) (C:N:K in ratio of 25,50,25%) 

6 G6 6 Female T04 (300 mg/kg, p.o.) (C:N:K in ratio of 25,25,50%) 

7 G7 6 Female T05 (300 mg/kg, p.o.) (C:N:K in ratio of 70,15,15%) 

8 G8 6 Female T06 (300 mg/kg, p.o.) (C:N:K in ratio of 15,70,15%) 

9 G9 6 Female T07 (300 mg/kg, p.o.) (C:N:K in ratio of 15,15,70%) 

10 G10 6 Female T08 (500 mg/kg, p.o.) C extract 
11 G11 6 Female T09 (200 mg/kg, p.o.) N extract 

12 G12 6 Female T10 (200 mg/kg, p.o.) K extract 

Where CMC = Carboxymethyl Cellulose, T = Treatment group. C= Carica papaya extract, N = Azadirachta indica (Neem) 

extract, K= Andrographis paniculata (Kalmegh) extract. In this protocol, with these permutations and combinations we have 

made the batch size of 12 gm, and all the extracts were weighed and combined accordingly 

Blood Sampling and Parameter Measurement: 

Blood samples of all the animals were collected 

before the induction of thrombocytopenia and then 

on days 3, 7, 14, and 21 in K3 Ethylene- 

diaminetetraacetic acid (EDTA) containing tubes 

under light diethyl ether anesthesia from retro- 

orbital region, for the determination of Complete 

Blood Count (CBC), using an automated blood cell 

counter (Nihon kohden, MEK-6420p). At the same 

time, bleeding time and clotting time were also 

measured in seconds. The body weight of animals 

was recorded daily. All animals were observed 

daily for any signs of morbidity or mortality. 

Statistical Analysis: It is carried out using the 

software Graphpad prism version 8. Data were 

recorded and noted as mean values +/- Standard 

Error of Mean (SEM). Data were analyzed by one- 

way, and two-way ANOVA followed by Dunnett’s 

multiple comparison tests. Significance at P<0.05, 

95% confidence interval was used for the analysis. 

RESULTS: 

Effect on Platelets: At the beginning of the 

experiment and before the induction of thrombo- 

cytopenia the average platelet count of normal 

control (NC) group was (8.88 ± 0.65) × 105/μL, and 
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disease control (DC) group was, (8.92 ± 0.68) × 

105/μL. But after thrombocytopenia was induced, 

the platelet count in DC group was decreased 

compared to NC group on day 3, 7 (maximum 

decrease), 14, and 21 Fig. 1. In all treatment 

groups, we can see a significant change in total 

platelet count compared to the disease control 

group, indicating that our herbal extracts are acting 

positively alone as well as in combinations and the 

equal combination of all three extracts having the 

maximum increase, almost equal to or even greater 

than the normal control group. Data also suggests 

that the platelet count in all treatment groups is 

higher at the end of the study than it was on Day 1 

Table 2 and Fig. 2. 

In this protocol, the highest fall in platelet count 

was observed on day 7 in DC group (3.94 ± 0.74) × 

105/μL against (8.92 ± 0.68) × 105/μL on day 1, 

then it started increasing gradually (5.87 ± 0.68) × 

105/μL on day14 and (6.27 ± 0.48) × 105/μL on day 

21 (a significant decrease of 49.33%, 44.84%, and 

32.75% respectively, p<0.0001) Fig. 1. 

 

TABLE 2: AVERAGE PLATELET COUNT OF ALL GROUPS ON DAYS 1, 7, 14 AND 21 

Platelets (105/μL) 

Group Treatment Day 1  Day 7  Day 14  Day 21 

G1 Normal control 8.88 ± 0.65 11.90 ± 0.66 10.15 ± 0.62 12.69 ± 0.58 

G2 Disease control 8.92 ± 0.68 3.94 ± 0.74 5.87 ± 1.57 6.27 ± 0.48 

G3 Equal (33.33%) 7.85 ± 0.52 4.48 ± 0.97 8.55 ± 0.49 13.62 ± 0.98 
G4 (C,N,K 50,25,25) 11.03 ± 1.08 5.41 ± 1.26 8.32 ± 0.71 12.30 ± 0.49 

G5 (C,N,K, 25,50,25) 7.96 ± 0.54 4.02 ± 0.59 9.85 ± 1.09 10.55 ± 1.47 

G6 (C,N,K, 25,25,50) 9.18 ± 0.73 6.39 ± 1.65 12.44 ± 2.16 14.03 ± 2.11 

G7 (C,N,K, 70,15,15) 8.90 ± 0.39 3.29 ± 0.33 9.15 ± 0.32 12.97 ± 1.70 

G8 (C,N,K, 15,70,15) 7.15 ± 0.56 2.83 ± 0.48 12.19 ± 1.88 10.97 ± 1.10 

G9 (C,N,K, 15,15,70) 8.32 ± 0.24 3.13 ± 0.63 11.76 ± 1.02 12.62 ± 0.80 

G10 Papaya 500 mg/kg 9.95 ± 1.11 4.48 ± 1.10 18.86 ± 0.92 17.50 ± 1.05 
G11 Neem 200 mg/kg 7.39 ± 1.17 2.56 ± 0.40 11.01 ± 2.01 13.50 ± 1.69 

G12 Kalmegh 200 mg/kg 8.07 ± 0.56 4.60 ± 0.96 9.29 ± 1.34 13.71 ± 0.68 

Presented as Mean ± SEM 
 

 
FIG. 1: MEAN PLATELET COUNT OF NORMAL 
CONTROL (NC) AND DISEASE CONTROL (DC) 

GROUP ON DAY 1, 3, 7, 14 AND 21 DEPICT THE 
EXTENT   OF   THROMBOCYTOPENIA.   Values   are 

expressed as Mean ± SEM. There is a significant decrease in 

platelet count on Day 7 and p<0.0001, Day 21 and p<0.0001 

calculated using two way ANOVA and multiple t-test. 

Effect on Bleeding Time: The following data 

Table 3 suggests that the bleeding time is not 

significantly altered in the NC group, but at the 

same time, it is significantly increased in the DC 

FIG. 2: GRAPH DEPICTS THE % CHANGE IN 
PLATELET COUNT IN ALL GROUPS IN 21 DAYS. 

Data were analyzed by one-way ANOVA followed by 

Dunnett’s multiple comparison tests. Values are expressed 

as Mean ± S.E.M. (n = 6). Asterisk denotes treatment groups 

are statistically different from (#) Disease control, ***: 

p<0.001, **: p<0.01, *: p<0.05 

group. In case of treatment groups Bleeding time 

has been prolonged at the end of the study 

compared to day 1 Table 3, but it is significantly 

reduced when compared to the DC group Fig. 3. 
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TABLE 3: AVERAGE BLEEDING TIME OF ALL GROUPS ON DAYS 1, 7, 14, AND 21 

Bleeding Time (sec) 

Group Treatment Day 1  Day 7  Day 14  Day 21 

G1 Normal control 21.00 ± 1.2 19.83 ± 1.30 20.33 ± 0.88 19.40 ± 0.94 

G2 Disease control 19.83 ± 1.2 46.00 ± 1.98 52.17 ± 1.14 54.33 ± 2.05 
G3 Equal (33.33%) 20.33 ± 0.8 25.83 ± 1.25 24.25 ± 0.70 25.00 ± 0.58 

G4 (C,N,K 50,25,25) 19.00 ± 0.8 29.60 ± 0.47 29.75 ± 0.51 29.75 ± 0.51 

G5 (C,N,K, 25,50,25) 19.83 ± 1.3 28.83 ± 0.70 27.40 ± 0.85 26.50 ± 0.85 

G6 (C,N,K, 25,25,50) 20.83 ± 1.1 30.80 ± 1.45 25.00 ± 0.33 27.33 ± 1.03 

G7 (C,N,K, 70,15,15) 20.83 ± 0.9 30.40 ± 1.10 21.25 ± 0.84 27.00 ± 1.29 

G8 (C,N,K, 15,70,15) 20.67 ± 1.0 19.67 ± 0.88 24.33 ± 0.85 28.67 ± 0.62 

G9 (C,N,K, 15,15,70) 20.67 ± 1.4 30.67 ± 1.69 27.00 ± 0.58 30.00 ± 0.58 
G10 Papaya 500 mg/kg 20.00 ± 1.0 23.00 ± 1.95 22.25 ± 1.12 25.25 ± 0.91 

G11 Neem 200 mg/kg 22.50 ± 1.9 22.80 ± 1.59 24.75 ± 1.22 26.67 ± 0.62 

G12 Kalmegh 200 mg/kg 19.67 ± 0.9 20.00 ± 0.91 23.67 ± 0.94 27.67 ± 0.94 

Presented as Mean ± SEM 
 

 
FIG.   3:   GRAPH   DEPICTS   THE   %   CHANGE   IN 
BLEEDING TIME IN ALL GROUPS IN 21 DAYS. Data 
were analyzed by one-way ANOVA followed by Dunnett’s 
multiple comparison tests. Values are expressed as Mean ± 

S.E.M. (n = 6). Asterisk denotes treatment groups are 
statistically different from (#) Disease control, ****: p<0.0001 

FIG. 4: GRAPH DEPICTS THE % CHANGE IN CLOTTING 
TIME IN ALL GROUPS IN 21 DAYS. Data were analyzed by 

one-way ANOVA followed by Dunnett’s multiple comparison 
tests. Values are expressed as Mean ± S.E.M. (n=6). Asterisk 

denotes treatment groups are statistically different from (#) Disease 
control, ****: p<0.0001, ***: p<0.001, **: p<0.01 

TABLE 4: AVERAGE CLOTTING TIME OF ALL GROUPS ON DAYS 1, 7, 14, AND 21 
Clotting Time (sec) 

Group Treatment Day 1  Day 7  Day 14  Day 21 

G1 Normal Control 103.00 ± 1.8 101.67 ± 1.52 102.83 ± 1.01 103.80 ± 1.06 

G2 Disease control 101.50 ± 4.0 135.83 ± 1.27 148.00 ± 0.93 153.00 ± 1.47 
G3 Equal (33.33%) 103.00 ± 2.3 122.83 ± 2.30 128.75 ± 2.27 123.75 ± 1.68 
G4 (C,N,K 50,25,25) 101.17 ± 1.2 129.33 ± 1.33 129.75 ± 3.67 130.50 ± 1.27 

G5 (C,N,K, 25,50,25) 102.50 ± 3.1 129.33 ± 2.49 110.80 ± 2.44 130.50 ± 1.27 
G6 (C,N,K, 25,25,50) 105.67 ± 3.3 125.00 ± 1.78 109.75 ± 1.43 127.33 ± 1.18 

G7 (C,N,K, 70,15,15) 103.00 ± 2.4 131.20 ± 3.10 123.50 ± 3.24 126.25 ± 1.58 
G8 (C,N,K, 15,70,15) 102.33 ± 1.5 105.67 ± 1.93 107.67 ± 2.39 131.00 ± 0.82 

G9 (C,N,K, 15,15,70) 106.17 ± 2.2 132.33 ± 2.11 116.00 ± 1.15 129.50 ± 0.87 
G10 Papaya 500 mg/kg 105.50 ± 3.3 125.17 ± 1.83 131.25 ± 0.84 130.00 ± 1.60 
G11 Neem 200 mg/kg 99.83 ± 1.4 131.00 ± 1.00 131.00 ± 1.20 130.67 ± 4.17 

G12 Kalmegh 200 mg/kg 105.67 ± 1.9 126.40 ± 1.37 134.67 ± 1.65 137.00 ± 0.41 

Presented as Mean ± SEM 
 

Effect on Clotting Time: There is no effect on 

clotting time in the NC group, it is almost the same 

on day 1 and day 21, but the DC group has shown a 

gradual increase in clotting time with the highest 

increase on day 21. Compared to day 1, clotting 

 
time in all treatment groups has been increased, but 

when compared to the DC group, all groups have 

shown a significant reduction in clotting time Fig. 

4. 
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DISCUSSION: Carboplatin, a platinum-based 

chemotherapeutic agent which is a derivative of 

cisplatin and effective against several malignant 

tumors, can induce thrombocytopenia. It is used as 

it is considered to be less toxic in terms of causing 

nausea and vomiting, neurotoxicity, nephrotoxicity, 

ototoxicity, and highly myelotoxic 27. Carboplatin 
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BT and CT are increased at the end of the study 

compared to what it was at the beginning, before 

the induction of thrombocytopenia, but when 

compared to the DC group, all groups have 

significantly reduced both BT and CT. The 

maximum effect was observed in group 3, which 

has shown an increase of only 22.4% in BT 

induces thrombocytopenia by affecting the 

multilineage hemopoietic cells, which are mature 

and does not affect the stem cells 28, 29. Thrombo- 

cytopenia was induced in all the groups except in 

the NC group. Treatment was initiated to prevent a 

fall in platelet count, and at the end of the study 

mean platelet count of all treatment groups was 

significantly higher than what it was on Day 1, 

complete reversion of thrombocytopenia. The 

highest effect was observed in group 3, which is an 

equal combination of all the three extracts 

(84.97%) followed by group 11 (Neem extract, 

75.18%) and group 10 (papaya extract, 73.08%). 

Bleeding time (BT) is the time required to stop the 

bleeding once the blood vessel is punctured. It is 

carried out to assess platelet function 30. To stop 

bleeding, primary and secondary homeostasis will 

get activated in our body, characterized by weak 

platelet plug formation initially, which is a result of 

vasoconstriction, platelet adhesion, platelet 

activation, and platelet aggregation respectively, 

followed by the involvement of clotting factors to 

stabilize and strengthen the platelet plug. This 

clotting process is very much required to protect 

the body from excessive fluid loss 30, 31. The time 

required for platelet plug formation is called 

clotting time (CT). 

So, thrombocytopenia has a direct effect on both 

BT and CT, which is observed in our study. In NC 

group neither BT (Day 1: 21 ± 1.2 sec, Day 

21:19.40 ± 0.94 sec) nor CT (Day 1: 103 ± 1.8 sec, 

Day 21:103.8 ± 1.06 sec) has changed, whereas in 

DC group both BT (Day 1: 19.83 ± 1.2 sec, Day 

21: 54.33 ± 2.05 sec) and CT (Day 1:101.50 ± 4 

sec, Day 21:153 ± 1.47 sec) has been significantly 

prolonged, p<0.0001. In DC group BT and CT 

have been prolonged by 197.2% and 48.9% in 21 

days, indicating the extent of platelet malfunction. 

As all other groups have responded to all 

treatments, reflected as an increase in platelet 

count, the same results are observed in the case of 

BT and CT. However, in all treatment groups, both 

compared to 197.2% increase in DC group and 

18.8% increase in CT compared to a 48.9% 

increase in DC group within 21 days Table 3 and 

4. 

Several case studies have reported the beneficial 

role of the papaya plant in the treatment of dengue 
32, 33, but in our study, another two plants have also 

been emerged as potential candidates to be used 

against thrombocytopenia. All the three plants, 

when used alone, have shown positive effects on all 

the three major parameters, platelet count, bleeding 

time, and clotting time, but when they are used in 

combinations, especially in group 3 where all of 

them were used in equal proportions have shown 

the maximum efficacy as well as safety which is 

better than their individual use. 

In India, thrombocytopenia has been a major 

component of both mild and severe cases of dengue 

resulting in morbidity and mortality. The severity, 

progression, and conversion of Dengue into its 

severe and life-threatening forms of Dengue 

Hemorrhagic Fever (DHF) and Dengue Shock 

Syndrome (DSS) are directly proportional to the 

extent of thrombocytopenia 34. In such cases and 

also in other cases where thrombocytopenia is the 

predominant factor responsible for morbidity or 

mortality, the search for plant and plant-based 

medicine can be an excellent remedy if used and 

authenticated properly. 

CONCLUSION: In the present study it is 

observed that all three plant extracts, aqueous 

extracts of Carica papaya and Azadirachta indica, 

as well as methanolic extract of Andrographis 

paniculata, are having the potential to reverse the 

condition of thrombocytopenia alone as well as in 

combination. Our data suggest that when these 

three extracts are used in equal proportions, they 

give not only the best possible result but also the 

safest one. In the future, we may come out with a 

polyherbal formulation that can be used to treat any 

case where thrombocytopenia persists either as a 
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side effect of ongoing medicine, which happens 

mostly during chemotherapy or diseases such as 

dengue. 
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Objective: Hemorrhagic shock (HS) is a condition which requires an immediate care and if not treated on time can 

result in death. Hence, we aim to study the protective role of fixed dose combination of polyherbal composition 

comprising of an equal amount of aqueous extracts of Azadirachta indica leaves, Carica papaya leaves, and 

methanolic extract of Andrographis paniculata against fixed volume bleed HS model. Materials and Methods: The 

study was conducted with 48 male and 48 female Wistar rats divided into 8 groups, normal control (G1), disease 

control (sublethal and lethal, G2 and G3) and 5 treatment groups (G4–G8). Treatment was initiated on the same 

day and continued for 14 days. At the end of 14 days, hemorrhage was induced by withdrawing 40% of circulatory 

blood volume for all groups and 60% of circulatory blood volume for G3. Treatment was continued further for 

7 days. Complete blood count, serum levels of glucose, sodium, potassium, and rectal temperature were measured 

at before, 3 h, 24 h, 72 h, and 7 days post-hemorrhage, whereas interleukin (IL)-6, nuclear factor kappa B (NF- 

ƘB), and vasopressin levels were measured at 24 h time point. Serum lactate and bicarbonate levels were measured 

at 3 h and at the end of the study. Statistical analysis was done using one way ANOVA followed by Dunnett’s 

test. P < 0.05 was considered statistically significant. Results: At 24 h, glucose levels were high and hematocrit 

levels were low compared to NC group, which were recovered to normal in all treatment groups at the end of the 

experiment except in disease control group. Our findings were further supported by serum level of electrolytes 

as well as IL-6, NF-ƘB, and vasopressin levels which were elevated in response to HS condition at 24 h post- 

hemorrhage. We have seen significant (P < 0.0001, P < 0.001, P < 0.01, P < 0.05) changes in the level of these 

parameters in disease control group compared to other groups. Recovery at the end of the experiment indicates 

that animals have responded to our treatments with maximum effect has been seen in G7 group. Conclusion: The 

polyherbal extracts used in this experiment have the potential to be used alone or in combination with available 

conventional medical therapy against HS condition to provide symptomatic relief, to improve quality of life and 

to promote the survival. 
 

 

INTRODUCTION 

hock, an extremely critical and fetal 

condition arises when there is an imbalance 

between body’s demand and supply of 

oxygen resulting in tissue hypo perfusion and 

hypoxia and circulatory failure.[1] There are four 

types of shock. (1) Hemorrhagic/hypovolemic 

shock (significant and continuous loss of 

blood or fluid, internally or externally). (2) 

Cardiogenic shock (due to underlying illness 

which leads to failure of heart to work as pump 

efficiently). (3) Distributive shock (due to 

sepsis, endocrinal or neurogenic abnormalities, 

anaphylaxis). (4) Obstructive shock (due 

to tension pneumothorax, pulmonary embolism, cardiac 

tamponade).[1,2] Hypovolemic shock, the most common and 

prevalent one can be the result of persistent hemorrhage is 

often reversible and having the mortality rate of 30–90% 

depending on its severity and intensity of organ failure.[3] 
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It can be with or without the presence of trauma. Depleted 

intravascular volume has a consequence of decreased preload, 

leads to decreased stroke volume (SV) and decreased cardiac 

output (CO). In response to this compensatory mechanisms 

will get activated at both cellular and molecular level to 

restore the CO and oxygen delivery. This includes increase in 

systemic vascular resistance, increase in sympathetic nerve 

activity along with increased peripheral vasoconstriction, 

release of catecholamines, vasopressin to compensate blood 

pressure (BP), and CO.[3,4] 

 

From ancient times, plants and plant-based products are 

being used for the treatment and management, control and 

prophylaxis of diseases such as cancer, AIDS, diabetes, 

hypertension, and many other infectious diseases.[5] With 

many countries such as India, China, USA, Nigeria, and even 

World Health Organization investing in traditional herbal 

medicine, the industry is having the annual global market of 

60 billion US$.[6] Hence, in this study, we aim to study the 

protective effect of our Polyherbal extracts comprising of 

equal proportions of methanolic extract of whole aerial body 

of Andrographis paniculata, commonly known as “Kalmegh” 

or “King of bitters” (family: Acanthaceae), aqueous extracts 

of leaves of Azadirachta indica, commonly known as 

“Neem” (family: Meliaceae) and Carica papaya commonly 

known as “Papaya” (family: Caricaceae) in a fixed volume 

bleed hemorrhagic shock (HS) model in rats. All the three 

plants we have selected have an abundant growth in India and 

known for their wide range of medicinal properties. The LD50 

values of these extracts are well documented.[7-14] 

 

Fixed volume bleed out model is the type of model in 

which hemorrhage is induced in a controlled manner by 

withdrawing a predetermined percentage of circulating blood 

volume depending on bodyweight of an animal over a fix 

period of time followed by resuscitation and treatment. This 

model is preferred over other models as it offers an advantage 

to study shock-induced pathophysiological changes occur 

in carbohydrate and protein metabolism characterized by 

change in blood glucose and glycogen, lactate and bicarbonate 

levels, histopathological abnormalities, efficacy of different 

therapeutic intervention, as well as neuroendocrine 

compensatory mechanism reflected by changes in serum 

levels of vasopressin, cytokine release in response to the 

expression of protein transcription factor nuclear factor 

kappa B (NF-ƘB) and also to study the survival.[15,16] 

 
 

MATERIALS AND METHODS 

Collection of plant material 

 
Dry powders of C. papaya leaves and whole aerial body of 

A. paniculata were obtained from Universal Agri Exports, 

Ahmedabad and Shree Shail Herbs Pvt. Ltd., Nagpur, respectively. 

We have collected A. indica leaves locally from Ahmedabad, 

washed to remove debris and dried under shed, powdered, and 

sieved. All the samples were sent to M.S. University, Baroda, for 

their identification. Our samples were evaluated by Department 

of Botany. (Specimen no. Bot/21617/aut.) 

 
Preparation of plant extracts 

 
Dry powders of all the three plants were subjected to extraction 

by cold maceration method.[17,18] Aqueous extraction was 

carried out for the leaves of neem and papaya with distilled 

water and chloroform (Merck, India) (97.5:2.5) in the ratio of 

(1:10 w/v) continuously for a period of 3 days. Dry powder 

of Kalmegh was extracted with absolute methanol (Merck, 

India) consecutively for 3 days in dark (1:5 w/v). After 

3 days, they were filtered using Whatman filter paper, grade 

1 and then concentrated at 45°C under reduced pressure and 

stored at −4°C in airtight containers till further use. 

 
Animals 

 
Forty eight male and 48 female healthy adult Wistar rats 

(VAB biosciences, Hyderabad) weighing 230–240   g 

were procured and acclimatized for 7 days under standard 

laboratory condition (12:12 h light and dark cycle, relative 

humidity 30–70% and temperature maintained at 22 ± 3°C). 

They were fed with standard laboratory pellet diet (Krishna 

Valley Agrotech LLP, Pune) and provided with reverse 

osmosis treated drinking water ad libitum. They were housed 

in clean and sterilized polypropylene cages (3 rats per cage). 

Entire protocol to conduct the study was thoroughly prepared, 

reviewed, discussed, and approved by Institutional Animal 

Ethics Committee (ARL/PT/1082/2019) prior commencing 

the experiment. All the experiments were executed in strict 

accordance with the rules and regulation of the CPCSEA 

guideline (Registration no. 1709/PO/Rc/S/13/CPCSEA). 

 
Grouping and treatment 

 
At the end of acclimatization period, animals were allocated 

to different groups based on their body weight in such a way 

that the difference in the body weight of animals in each 

group should minimum and not more than 20%. On the same 

day, treatment was initiated and continued for 14 days once 

in a day by oral route as follows. 

 
Fixed volume bleed out HS model in rats 

 
After receiving the treatments for 14 days [Table 1], all the 

animals except the animals in the NC group were anaesthetized 

using isoflurane (initially, 5% and then 1% to maintain in air 

by inhalation) and slowly and gradually 40% (sublethal) and 

60% (lethal) of circulating estimated blood volume (EBV) was 

removed over a period of 5 min and 10 min, respectively, by 

retro-orbital puncture method. The EBV for each animal was 

calculated using: weight (g) * 0.06 (ml/g) + 0.77.[19] Lethal 

HS model was induced to check the survival of animals and 
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  Table 1: Grouping and treatment of animals  

Group Group type Treatment (p.o) No. of rats 

 Male female 

G1 No hemorrhage, normal control (NC) CMC (1%) 6 6 

G2 DC sublethal (40% blood removal) No treatment 6 6 

G3 DC lethal (60% blood removal) to check survival No treatment 6 6 

G4 Sublethal hemorrhage with treatment Carica papaya (C) extract (500 mg/kg) 6 6 

G5 Sublethal hemorrhage with treatment Azadirachta indica (N) extract (200 mg/kg) 6 6 

G6 Sublethal hemorrhage with treatment Andrographis paniculata (K) extract 

(200 mg/kg) 

6 6 

G7 Sublethal hemorrhage with treatment Equal (33.33%) of all the three extracts 

(C,N,K) (300 mg/kg) 

6 6 

G8 Sublethal hemorrhage with treatment Equal (33.33%) of all the three extracts 

(C,N,K) (500 mg/kg) 

6 6 

Where p.o= per oral route, CMC = Carboxymethyl cellulose, C = Carica papaya extract, N = Neem (Azadirachta indica) extract, K= Kalmegh 

(Andrographis paniculata) extract. DC: Disease control 

 

it was monitored till the end of the study. Once hemorrhage 

was induced, animals were kept unresuscitated, but monitored 

carefully for a period of 60 min to induce shock. After 60 min, 

all animals were resuscitated with ringer’s lactate solution 

(twice the volume of the blood shed). There were no deaths 

in this protocol except in Group 3 (G3), where 60% of EBV 

has been removed. G3 has reported 16% of mortality as one 

male and one female animal died 24 h and 72 h post-HS, 

respectively. All the treatments were continued after HS was 

induced, further for a period of 7 days as shown in Table 1. All 

the animals were observed daily for morbidity and mortality 

as well as any changes in skin color or texture. 

 
Blood sampling and parameter measurement 

 
Blood samples were collected before the hemorrhage was 

induced on 14th day and considered as “0” h (before) sampling. 

Then, hemorrhage was induced and again blood samples were 

collected at 3 h, 24 h, 72 h, and at the termination of experiment 

which is on 7th-day post-hemorrhage by retro-orbital plexus 

method under diethyl ether anesthesia. Serum and plasma 

were separated and stored in pyrogen free tubes at −20°C 

till further use. Complete blood count was determined using 

automated blood cell counter (Nihon Kohden, MEK-6420p), 

serum parameters such as serum sodium and serum potassium 

were determined by colorimetric method (Accucare, Lab-Care 

Diagnostics India Pvt. Ltd.) and serum glucose was determined 

by Trinder’s end point method (Erba, Transasia Biomedical 

Ltd.) for all the five time points. Rectal temperature and body 

weight of all animals were also recorded. Serum lactate and 

bicarbonate levels were also measured at 3 h and at termination 

using radiometer (ABL 800 FLEX). 

 
ELISA 

 
NF-ƘB and interleukin (IL)-6 levels were determined in 

serum samples and vasopressin level was determined in 

plasma sample using commercially available ELISA (Kinesis 

Dx, CA, USA (K11-5141, Rat NF-ƘB), Krishgen Biosystems 

(KB3068 Ver 5.0, Rat IL-6 GENLISA, and KLR0385 ver 

2.0, Rat Vasopressin GENLISA) kits as per the instructions 

given by the manufacturer at 24 h post-hemorrhage. 

 
Statistical analysis 

 
All data were depicted as mean ± SEM. Data were analyzed 

for statistical significance using GraphPad Prism 8 and it is 

carried out using one way ANOVA followed by Dunnett’s 

multiple comparison tests. Values of P < 0.05*, 0.01**, 

0.001***, and 0.0001**** were considered statistically 

significant. 

 
 

RESULTS 

Effect on plasma vasopressin and serum sodium 

level 

 
The ELISA was carried out 24 h after the HS was induced to 

see the effect of HS on different groups. Figure 1 indicates 

the plasma concentration of vasopressin 24 h post-HS. 

Apart from the NC group, all the other groups have shown a 

significant increase in plasma vasopressin level post-HS. In 

the NC group, the average vasopressin levels in plasma were 

3.56 ± 1.23 for male group and 5.78 ± 0.83 for female group, 

respectively, and in comparison to NC group remaining all 

groups have shown increased level of vasopressin ranging 

from 8.51 pg/ml to 33.54 pg/ml. 

 

Serum Na+ levels were within the normal range in all 

groups before the HS was induced (120 ± 6.18–149.54 

± 5.40 mmol/L). However, 24 h after HS, there is a sharp 

increase in sodium levels and remained higher even after 72 h 

except in the NC group. At the end of the experiment serum 
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sodium levels were returned to normal range in all treatment 

groups but prevailed higher in DC group [Table 2]. At the end 

of the experiment, serum sodium levels were significantly 

(P < 0.0001, P < 0.001) less in all treatment groups compared 

to DC group [Figure 2]. 

 
Effect on NF-ƘB and IL-6 levels 

 
NF-ƘB and IL-6 levels were measured in   serum 

samples of all animals 24 h after the HS was induced 

by ELISA. Compared to the NC group both the levels of 

NF-ƘB and IL-6 were significantly higher in DC group 

in males as well as in females (P < 0.0001, P < 0.001) 

[Figures 3 and 4]. All treatment groups have responded in 

a different manner. Group 5 (G5) has received A. indica 

treatment and NF-ƘB in both males and females was 

below the detection level in G5. Similarly females in 

Group 4 have shown NF-ƘB level below detection point. 

Although the NF-ƘB level in all other treatment groups 

was either equal or higher than the NC group, they were 

considerably low than the DC group. As in case of serum 

IL-6 concentration, all animals in treatment groups have 

low levels of IL-6 compared to DC group, even lower 

than the NC group except in case of Group 4. Females 

have shown low level of these two parameters compared 

to males in all treatment groups. 
 

 
Figure 1: Average of plasma vasopressin concentration (pg/ml) of all groups at 24 h (1 day) post-HS depicts the effect and 

extent of HS on plasma vasopressin concentration. Values are represented as mean ± standard error of mean. (n = 6). Asterisk 

denotes that treatment groups are statistically different from (#) normal control, ****P < 0.0001, ***P < 0.001 

 
 

Table 2: Average serum sodium level of all groups at different time points 

   Sodium (mmol/L)    

Group Treatment Sex 0 h 24 h 72 h 7 days 

G1 NC M 126.48±2.56 129.64±3.27 133.27±4.03 132.70±3.05 

  F 133.11±4.96 135.68±3.38 134.29±2.84 134.27±3.61 

G2 DC M 134.77±6.58 183.67±6.58 180.18±16.91 176.49±5.76 

  F 134.22±5.16 198.28±4.33 198.99±10.41 179.82±7.95 

G4 Papaya (C) (500 mg/kg) M 132.88±5.86 185.82±5.40 157.58±7.24 144.13±5.08 

  F 143.63±3.51 211.57±4.92 166.93±6.54 144.01±2.84 

G5 Neem (N) (200 mg/kg) M 120.57±6.18 174.74±4.52 168.76±2.83 133.31±5.50 

  F 149.54±5.40 208.30±4.15 159.12±14.36 150.48±7.95 

G6 Kalmegh (K) (200 mg/kg) M 140.56±4.86 173.66±2.72 173.23±7.90 143.26±6.14 

  F 142.75±3.36 192.55±4.69 160.65±7.43 143.60±9.14 

G7 All equal (C,N,K) (300 mg/kg) M 143.15±5.17 174.04±2.98 160.94±3.88 127.52±8.04 

  F 140.32±4.36 193.55±3.20 151.81±6.13 134.09±3.42 

G8 All equal (C,N,K)(500 mg/kg) M 143.37±4.71 170.64±8.43 188.66±9.15 134.20±7.47 

  F 132.79±3.26 186.32±6.74 153.83±9.89 138.78±2.99 
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Figure 2: Graph depicts the % change in serum sodium (Na+) level in all groups in 7 days post-HS. Data were assessed by 

one-way ANOVA followed by Dennett’s multiple comparison tests. Values are represented as mean ± standard error of mean. 

(n = 6). Asterisk denotes that treatment groups are statistically different from (#) disease control, ****P < 0.0001, ***P < 0.001 

 

 

Figure 3: Average of serum NF-ƘB concentration (ng/ml) of all groups at 24 h (1 day) post-HS depicts the effect and extent of 

HS on serum NF-ƘB concentration. Values are represented as mean ± standard error of mean. (n = 6). Asterisk denotes that 

treatment groups are statistically different from (#) normal control, ****P < 0.0001, ***P < 0.001,*P < 0.05 

 

Effect on serum glucose and hematocrit level 

 
Serum glucose and hematocrit levels were determined at 0 h, 

3 h, 24 h, 72 h, and at the end of the experiment which is at 

7 days. There is no major change in these parameters in the 

NC group at any time point and they were within the normal 

range in both males and females. In case of hematocrit, there 

is a significant decrease (P < 0.0001, P < 0.001, P < 0.01) at 

24 h in all other groups [Table 3]. The decrease was constant 

even at 72 h, and after that a recovery has been seen in all 

treatment groups except in DC group. The highest recovery 

was seen in G4, G7, and G8. 

 

Serum glucose level remains within the range throughout the 

experiment in the NC group but a steep increase has been observed 

in all other groups at 24 h and 72 h (maximum). After 3 days, they 

were returning to normal in all treatment groups but not in 

DC group [Table 4]. Even at the end of the experiment, glucose 
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Figure 4: Average of serum interleukin-6 (IL) concentration (pg/ml) of all groups at 24 h (1 day) post-HS depicts the effect and 

extent of HS on serum IL-6 concentration. Values are represented as mean ± standard error of mean (n = 6). Asterisk denotes 

that treatment groups are statistically different from (#) normal control, ****P < 0.0001, **P < 0.01,*P < 0.05 

 

Hematocrit (%) 
 

Group Treatment Sex 0 h 24 h 72 h 7 days 

G1 NC M 44.17±1.04 43.60±1.66 42.87±0.78 42.70±0.43 

  F 39.50±0.80 40.70±0.75 40.43±0.77 39.33±1.05 

G2 DC M 44.92±1.21 30.40±1.96 25.32±1.05 34.40±1.10 

  F 41.36±1.05 33.68±2.16 31.28±2.74 32.24±1.24 

G4 Papaya (C) (500 mg/kg) M 43.08±0.44 32.72±0.73 29.30±1.08 40.28±0.90 

  F 42.38±1.12 33.24±1.43 34.16±2.48 38.82±0.99 

G5 Neem (N) (200 mg/kg) M 42.16±1.28 33.02±1.62 29.82±1.18 37.20±1.07 

  F 39.72±1.80 30.30±1.56 32.62±1.50 35.36±1.65 

G6 Kalmegh (K) (200 mg/kg) M 44.43±2.16 31.07±1.36 33.52±1.03 38.73±0.81 

  F 45.70±0.43 31.77±0.92 33.33±0.67 37.68±0.42 

G7 All equal (C,N,K) (300 mg/kg) M 46.87±1.34 30.42±0.97 36.42±1.76 43.53±1.11 

  F 43.10±1.32 31.88±1.20 33.03±0.92 41.50±1.96 

G8 All equal (C,N,K) (500 mg/kg) M 45.77±1.75 33.82±1.87 33.45±1.23 43.00±1.08 

  F 45.27±1.39 36.62±4.47 30.32±1.58 41.68±0.27 

 

levels were too high in DC group, whereas in comparison to DC 

group all the treatments groups have significantly less change in 

glucose level post-HS [Figure 5]. Although glucose levels were 

returning to normal range, they were still higher in all groups that 

what it was before HS was induced. 

 
Effect on other hematological and biochemical 
parameters 

 
HS condition has no effect on body weight of animals. At the 

end of the study, all the groups irrespective of their disease 

state, sex, and treatments received have shown an increase 

of 1.85–3.30% in body weight. Throughout the experiment, 

there was no change in color or texture of the skin of animals. 

No sign of hypothermia or hyperthermia was observed. All 

animals have recorded rectal temperature in normal range. 

Serum lactate and bicarbonate levels were measured at 2 time 

points: 3 h post-HS and at the end of the experiment. Both 

the levels were almost same at both the time points in the NC 

group (serum lactate [at 3 h male: 1.28 ± 0.04, 7 days: 1.22 ± 

0.08] and [female: 1.38 ± 0.03, 7 days 1.36 ± 0.09]). In all other 

groups, lactate levels were in the range of 1.45–1.76 mmol/L 

Table 3: Average hematocrit (HCT) level of all groups at different time points 
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Table 4: Average serum glucose level of all groups at different time points 

Glucose (mg/dl) 

Group Treatment Sex 0 h 24 h 72 h 7 days 

G1 NC M 115.63±4.42 111.02±8.64 129.21±3.17 124.04±3.13 

  F 125.29±2.99 121.87±1.71 126.15±1.55 129.94±0.28 

G2 DC M 138.34±9.73 228.47±9.11 241.06±25.36 211.45±19.42 

  F 122.34±3.04 185.02±8.40 181.13±5.33 180.58±4.38 

G4 Papaya (C) (500 mg/kg) M 137.41±2.99 232.61±8.10 201.68±9.83 171.44±9.85 

  F 118.97±3.80 175.58±11.40 176.40±13.69 112.38±3.40 

G5 Neem (N) (200 mg/kg) M 127.83±9.68 161.52±6.95 332.58±4.77 157.84±7.01 

  F 121.64±3.15 166.93±10.95 168.46±20.24 130.97±6.31 

G6 Kalmegh (K) (200 mg/kg) M 128.98±5.31 160.79±5.76 356.77±13.54 162.81±4.20 

  F 127.97±3.39 184.54±9.04 181.53±26.46 157.33±9.42 

G7 All equal (C,N,K) (300 mg/kg) M 115.30±4.20 143.54±6.97 231.84±11.52 126.62±4.53 

  F 125.38±3.43 169.12±5.37 181.73±9.53 131.39±6.23 

G8 All equal (C,N,K) (500 mg/kg) M 123.44±3.86 218.89±9.18 327.16±20.23 164.24±3.50 

  F 125.01±2.65 179.20±9.59 208.94±35.76 160.04±6.72 

 

at 3 h and in the range of 1.33–1.46 mmol/L at the end of 

the experiment. In case of bicarbonate levels in the NC 

group (male [3 h: 21.17 ± 0.21, 7 days: 21.63 ± 0.25] and 

female [3 h: 21. 60 ± 0.44, 7 days: 22.53 ± 0.87]). 3 h post- 

hemorrhage bicarbonate levels fall below 20 mmol/L in DC 

group as well as in males of G4, G5, G6, and G7, but at the 

end of the experiment their levels were above 20 mmol/L in 

all groups. WBC count was found to be considerably higher 

post-hemorrhage at 24 h and continued to be on higher side 

than what it was before HS was induced till the end of the 

study and at the same time opposite effect has been seen on 

RBC count which were much lower than what it was before 

the beginning. At 24 h post-HS, hemoglobin count in some 

groups was found to be decreased while in some groups it 

was increased except in the NC group where no such effect 

was seen but at 72 h post-HS, all the groups except NC have 

shown a remarkable decrease in hemoglobin levels which 

was also recovered at the end of the experiment. 

 
 

DISCUSSION 

Vasopressin, also known as antidiuretic hormone, plays 

an important role in maintaining sympathetic vasomotor 

activity through its hormonal, osmoregulatory, and pressor 

actions during HS condition. In HS condition, there will be 

a loss of blood volume which will cause a sharp fall in BP, 

SV, and CO as well as altered blood gases. Hence, the body 

activates its compensatory mechanisms to restore BP, SV, and 

CO to its normal level through activation of baroreceptors 

and chemoreceptors which causes cardiac stimulation, 

systemic vasoconstriction, and volume redistribution by 

releasing catecholamines, vasopressin, and activating Renin- 

Angiotensin-Aldosterone System.[20,21] This is the reason we 

have seen a significant (P < 0.0001, P < 0.001) increase in 

plasma vasopressin level in all HS-induced groups compared 

to NC [Figure 1]. Thus, released vasopressin increases 

the renal reabsorption of sodium and water to restore the 

blood volume.[22] Such changes were also reflected in 

this experiment. Significantly high (P < 0.0001, P < 0.01, 

P < 0.05) serum sodium level in response to increased level of 

vasopressin was detected at 24 h post-hemorrhage [Table 2]. 

The serum sodium levels were remained high at 72 h as well 

but then returned to normal (135–155 mmol/L) at the end 

of the experiment in all the groups that have received the 

treatment but remained higher in DC group [Figure 2]. When 

compared to DC group a significant decrease (P < 0.0001, 

P < 0.001) has been seen at the end of the experiment 

indicating the recovery with the highest effect was seen in 

males and females of G7. The serum sodium levels remained 

high by 31.79% in DC male and 34.01% in DC females at 

the end of the experiment and were outside the normal range. 

 

The amount and duration of blood loss in HS condition is a 

major determinant factor of its consequences and can even 

result in circulatory collapse and multiple organ failure in 

20–30% of HS patients. One of the major causes of this fatal 

situation is volume resuscitation which is also recommended 

in the guideline to treat HS patients to fasten the recovery, but 

this resuscitation causes a secondary ischemia-reperfusion 

(IR) injury. IR injury has multiple complications such as 

production of reactive oxygen species, which releases nuclear 

factor-kappa B (NF-ƘB) which triggers the production 

and release of pro-inflammatory cytokines such as IL-6 

and tumor necrosis factor α.[23-25] We have also observed a 

significant (P < 0.0001) increase in NF-ƘB and IL-6 levels 

post-hemorrhage in DC group compared to NC group. At the 

same time in treatment groups, the effect of HS after 24 h is 

less prominent as denoted by low levels of NF-ƘB and IL-6. 

In fact, we were not able to detect NF-ƘB in G5 as well as 
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in females of G4. In all treatment groups, IL-6 levels were 

considerably low compared to DC and in G5, G6, G7, and 

G8, IL-6 level was even lesser that what it was in the NC 

group [Figures 3 and 4]. 

 
Another two major manifestations of HS are a rise in blood 

glucose level and a fall in hematocrit level. There exists a very 

strong inverse relationship between these two parameters in 

HS. In the NC group, these two parameters remained almost 

unchanged throughout the experiment, but in all other groups 

a sharp rise in blood glucose and a sharp fall in hematocrit 

are observed at 24 h post-HS and the effect remained the 

same even at 72 h. This is because hypovolemia in HS 

cause a decline in capillary pressure which in turn causes 

a protein shift from interstitium to plasma and draws in the 

fluid to compensate the intravascular loss. The first 24–48 h 

 

 

 
Figure 5: Graph depicts the % change in blood glucose level in all groups in 7 days. Data were assessed by one-way ANOVA 

followed by Dennett’s multiple comparison tests. Values are represented as mean ± standard error of mean (n = 6). Asterisk 

denotes that treatment groups are statistically different from (#) disease control, ****P < 0.0001, ***P < 0.001,**P < 0.01, *P < 0.05 

 
 

Figure 6: Graph depicts the % change in Hematocrit (HCT) level in all groups in 7 days. Data were assessed by one-way 

ANOVA followed by Dennett’s multiple comparison tests. Values are represented as mean ± standard error of mean (n = 6). 

Asterisk denotes that treatment groups are statistically different from (#) disease control, ***P < 0.001, **P < 0.01, *P < 0.05 
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are therefore very critical as up to 2 L of fluid can shift to 

maintain the fluid balance and blood glucose also increases 

as a result of this osmotic effect as it draws in approximately 

17 ml of fluid per 1 mmol/L rise in glucose to the vascular 

area.[26] However, after 72 h recovery has been seen and the 

levels became normal at the end of the experiment in all 

treatment groups with maximum effect has been seen in G7 

but in DC they still remained higher [Figures 5 and 6]. 

 

Lactic acidosis, another major complication of HS is defined as 

when blood L-lactate level is greater than 5 mmol/L, blood pH 

is lesser than 7.35, and a plasma bicarbonate concentration is 

<20 mmol/L.[27] It happens as loss of blood volume also decreases 

the oxygenation to vital organs and in absence of ample amount 

of oxygen body shifts to anaerobic glycolytic condition which 

produces lactate. This can be very fatal. In this experiment, no 

such metabolic acidosis or alkalosis has been seen. 

 

The choice of selecting 40% of EBV removal to induce HS 

was also appropriate as no animal died in G2 but at the same 

time 1 female and 1 male died in G3 which was created to 

check the survival post removal of 60% (lethal) of EBV. 

 

It is evident from the experiment data that at the end of 

treatment period of 14 days with our polyherbal extracts 

we were able to induce HS condition in all animals. ELISA 

results of vasopressin, NF-ƘB, and IL-6 as well as rise in 

serum sodium, blood glucose, and fall in hematocrit at 

24 h evidently indicate the presence of HS condition in all 

groups compared to normal control group, in which all of 

these parameters remained almost unchanged throughout the 

experiment. However, as the time progress, we have observed 

that animals in treatment groups have started recovering from 

HS condition which is clearly being reflected in the data 

measured at the end indicating that they have responded to 

our treatments, with the maximum effect is seen in G7 which 

is an equal combination of all three extracts at the dose of 

300 mg/kg. 

 
 

CONCLUSION 

We can conclude that our polyherbal extracts have a protective 

effect in HS condition by keeping the metabolic and 

biochemical changes that happen after HS in check and thereby 

promoting the recovery and survival in HS condition. They can 

be used alone or in combination with conventional treatments 

to provide symptomatic relief and thereby improving the 

quality of life. However, we strongly emphasize on conducting 

more rigorously designed large scale pre-clinical studies and 

clinical trials to carry forward these observations. 
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