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A. Title of the thesis and abstract  

Title:  

Evaluation of polyherbal extracts for the treatment of dengue fever complications. 

Abstract: 

Objective: 

The prime objective of the present research is to explore the possibilities in the treatment and 

cure of Dengue Fever (DF) complications, Dengue Hemorrhagic Fever (DHF) and Dengue 

Shock Syndrome (DSS) by using herbal extracts (aqueous extracts of leaves of Carica papaya, 

Azadirachta indica and methanolic extract of whole aerial body of Andrographis paniculata) to 

produce symptomatic relief and to improve quality of life. 

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 

Thrombocytopenia is the main characteristic feature of DHF, so the plant extracts were first 

evaluated alone as well as in different combinations against carboplatin induced 

thrombocytopenia. The experiment was conducted using 72 healthy adult female swiss albino 

mice. Thrombocytopenia was induced successfully in all experimental animals except in Normal 

Control (NC) group by a single intraperitoneal injection of carboplatin at the dose of 125 mg/kg 

of body weight. Treatments were initiated on the same day and continued for a period of 21 days 

by oral route. Throughout the experiment the extent of thrombocytopenia and the effectiveness 

of treatments were accessed by measuring the platelet count along with other blood counts and 

by measuring Bleeding Time (BT) and Clotting Time (CT) before the induction of 

thrombocytopenia (Day 1) and thereafter on day 3, 7, 14 and 21. 

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

in rats 

From our 1st in vivo model (carboplatin induced thrombocytopenia) the most effective and safe 

combination of polyherbal extract was selected (combination of all the three extracts in equal 

proportions at 300 mg/kg) and further evaluated for its role against the most fatal complication 

of dengue which is Hemorrhagic Shock (HS). For this model healthy adult 48 male and 48 

female wistar rats were selected and divided into 8 different control and treatment groups based 

on their body weight. Treatments were initiated on the same day and continued for 14 days first. 

At the end of 14 days hemorrhage was induced by withdrawing 40% (in all groups except in NC, 
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and group 3) and 60% (in group 3, G3) of circulating estimated blood volume (EBV). Once 

hemorrhage has been induced, all the animals were kept as it is for a period of 60 minutes with 

careful monitoring to induce shock. After 60 minutes they were resuscitated with lactated ringer 

solution. Treatments were further continued for 7 days post HS. At 24 hour post HS, ELISA was 

carried out to check the levels of Interleukin-6 (IL-6), Nuclear factor kappa B (NF-ƘB) and 

vasopressin. Blood samples were collected before and 3 hour, 24 hour, 72 hour and at the end of 

the study (7 days) to measure the levels of glucose, sodium, potassium as well as blood cell 

counts. Body weight and rectal temperature of all the animals were monitored throughout the 

study. Serum lactate and bicarbonate were also determined at 3 hour and then at the end of the 

experiment.  

Results and Discussion: 

Screening of plant extracts against carboplatin induced thrombocytopenia in mice 

 The extent of thrombocytopenia was the highest on day 7. Platelet count was significantly low 

in the DC group (p<0.0001) compared to all other groups starting from day 7 to the end. All 

groups have responded to their respective treatments and have shown an increase in platelet 

count gradually with the maximum effect on day 21, even more than the count on day 1. Our 

findings were further supported by BT and CT. Both of these parameters remained almost 

unchanged in the NC group but have been significantly prolonged (p<0.0001) in the Disease 

Control (DC) group, indicating an effect of fall in platelet count. When compared to the DC 

group, all treatment groups have significantly less bleeding time (p<0.0001) and clotting time 

(p<0.0001). 

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

in rats 

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 DC 

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-HS. 

We have seen significant (P < 0.0001, P < 0.001, P < 0.01, P < 0.05) changes in the level of 

these parameters in DC 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 

the group that has received equal combination of all the three extracts at the dose of 300 mg/kg. 

Conclusion: 

The polyherbal extracts used in this experiment have the potential to be used alone or in 

combination with available conventional medical therapy against Dengue Fever complications to 
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provide symptomatic relief, to improve quality of life and to promote the survival. 

B. Brief description on the state of the art of the research topic: 

Dengue, one of the most rapidly spreading arthropod borne viral disease of humans, caused by 

any one of the four dengue virus serotypes (DENV-1, DENV-2, DENV-3 and DENV-4) belongs 

to the genus Flavi viruses, family Flaviviridae and transmitted by mosquito vectors Aedes 

aegypti (A. aegypti) and Aedes albopictus (A. albopictus)  (1). As per World Health 

Organisation (WHO), the disease has been classified into two, Dengue fever (DF) and Severe 

Dengue (DHF and DSS) (2). DF is characterized by hyperthermia, rashes, chills, arthralgia, 

myalgia and can be treated with sponging, taking rest and acetaminophen tablets without any 

need for hospitalization, but if it gets converted into its severe forms then it can be life 

threatening which requires an immediate care and hospitalization (3). The number of dengue 

cases reported annually to WHO has increased from 0.4 to 1.3 million in the decade 1996–2005, 

reaching 2.2 million in 2010 and 3.2 million in 2015, 3.34 in 2016 (4). About 50 million – 100 

million cases have been reported in recent years, out of which predominantly Asia bears 70 % of 

the burden (India alone is estimated to bear 34 % of the global burden), Africa 16 %, and the 

America 14% (with more than half of that burden borne by Brazil and Mexico) (5). However, 

Some studies suggest that there are 390 million (95% credible interval, 284-528 million) dengue 

infections occur per year with 96 million having clinical manifestations, more than three times 

higher than what WHO estimates, of which 5,00,000 developed severe cases of DHF and DSS 

annually and 2.5% mortality (6). The disease burden of dengue is such that it causes up to 25.5 

disability adjusted life years per 1,00,000 population (7). Apart from disease burden it also 

imposes significant economic burden. The estimated global cost to treat 58.4 million 

symptomatic cases was $8.9 billion which is higher than other infectious diseases (8). The total 

direct medical cost to treat the disease in our country is $548 million per year or about $94.85 

per patient (9). In spite of having such a huge socioeconomic and disease burden there is no 

single anti viral medicine or vaccine available to treat the disease till date. In absence of a 

targeted drug therapy, plants and plant derived compounds remain an important source for the 

discovery and development of new anti-viral drugs because of their expected low side effects 

and their high accessibility in nature (10). So keeping all these in mind, we aim and focus to 

study the role of three different plant extracts alone as well as in combinations against DF 

complications. The three plant extracts we have selected are 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) 
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against DHF and DSS in two different animal models which are carboplatin induced 

thrombocytopenia in mice and fixed- volume bleed out hemorrhagic shock (HS) in rats. These 

plants were selected based on a thorough review of literature, their availability and accessibility 

in nature, efficacy and safety, their potential to be used against dengue fever complications and 

cost. All of these plants are being used by Indian Ayurveda, Siddha and Unani system of 

medicine from ancient times and having widespread applications against many disease ailments. 

Thrombocytopenia is a very serious clinical manifestation of DHF in which platelet count 

decreases (<150-450 × 109/L) (11) and if not reversed in time then can lead to other 

hemorrhagic manifestations such as bleeding, increased vascular permeability, hypovolemia 

leading to decreased blood pressure, stroke volume, cardiac output leading to shock which may 

result in death. So we first tried to evaluate the potential of our herbal extracts against 

thrombocytopenia in which carboplatin was selected to induce thrombocytopenia as it is 

considered to be less toxic to cause side effects like nausea, vomiting, neurotoxicity, ototoxicity 

and nephrotoxicity and at the same time being highly myelotoxic to induce thrombocytopenia 

more efficiently (12). Our second animal model, fixed volume bleed out hemorrhagic shock in 

rats was selected as this model offers an advantage to study shock induced pathophyiological 

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 (13, 

14). 

C. Definition of problem:  

Dengue causes enormous sufferings to the mankind. The global prevalence of the disease is 

continuously increasing with an increase in morbidity and mortality around the world and hence 

it has been a major concern of governments and WHO. At present it is the most vulnerable 

arthropod borne viral disease (15). With the rapid expansion of dengue disease in the most 

tropical and subtropical areas of the world, it is crucial to develop effective prevention and 

control measures, including antiviral drugs and vaccines against the disease (16). The problem of 

dengue is mammoth in many countries which are compounded by the huge population, poor 

medical and diagnostic facilities, inadequate mosquito control programs in healthcare system 

and all the ground conditions that favor expansion of the vector (17). It has become a major 

public health problem, with significant economic, political, and social impact. This indicates the 

necessity for the control and prevention of the disease. In spite of the known social, economic, 
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and disease burden of dengue internationally, there is no antiviral therapy or vaccination 

available at this time. Prevention measures are insufficient and only supportive measures are 

available, hence there is an urgent need to find the solutions to combat the dengue (18, 19). 

D. Objective and Scope of work: 

(A) 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. 

(B) Scope of work: 

Tentacles of Dengue are present in almost each and every continent of the world. Its global 

prevalence, economic burden, its conversion into more severe forms and resulting mortality 

thereof, is worrisome, yet there is no specific diagnostic test that can detect either of the severe 

form of the disease, making an early diagnosis difficult (20). In absence of specific antiviral 

therapy and/or approved safe vaccines plant and plant derived products remain an ultimate 

source of drug discovery and evaluation. The demand for plant-based medicines is growing as 

they are generally considered to be safer, non-toxic and less harmful than synthetic drugs (21). 

There are innumerable potentially useful medicinal plants and herbs waiting to be evaluated and 

exploited for therapeutic applications against dengue viruses (22). Over the years, the World 

Health Organization (WHO) advocated that countries should interact with traditional medicine 

with a view to identify and exploit aspects that provide safe and effective remedies for ailments 
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of antiviral (23). 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$ (23, 24). 

E. 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 (life) and veda (knowledge) which deals with healing and overall 

well being of people (25, 26). Ayurveda translates as ‘life science’. Its knowledge is not limited 

to medicine, cure or therapy and is for laypersons, households, communities, as well as for 

physicians. Ayurvedic system of medicine is one of the world's oldest medical systems, 

originated in India and has evolved over thousands of years, serving the humanity since times. 

Throughout its evolutionary history, Ayurveda and local health traditions have reciprocally 

influenced each other. In modern times, the influence of biomedicine on Ayurveda is leading to 

its medicalisation. Over the past century, the introduction and perspective of biomedicine into 

India has made the human being an object for positive knowledge, a being that can be 

understood with scientific reason and can be governed and controlled through medical 

knowledge (27). In the recent decades, Ayurveda has experienced a considerable shift in its 

paradigm and a significant change in the outlook of researchers throughout the world, towards 

its applications. (28). In India, The professionalization of Ayurveda parallels the 

professionalization seen in current biomedical institutions in terms of policy, education and 

research (26, 29) and the entire curriculum is designed to mimic the Bachelor of Medicine, 

(MBBS) degree course with a view to achieving equal status with bio-medicine (29). 

Particularly in the field of Pharmacy, Ayurvedic pharmacopeia of India is a bliss which legalizes 

976 compound formulations and 540 monographs of plants, animals and minerals (including 

metals) (30) but technically there are way more than that mentioned in other classic texts such as 

Charaka Samhita which is a massive treatise on ancient Indian medicine. It contains 8 divisions 

(Astanga Sthanas): Sutra, Nidana, Vimana, Sarira, Endriya, Chikitsa, Kalpa and Siddha-Sthanas. 

Each division is further divided into numerous chapters. It describes not only the existing 

knowledge about medicine in all aspects but also the logic and philosophy behind the medical 

system (31). 

F. Original contribution by the thesis: 

All the three plants included in our study Carica papaya, Azadirachta indica and Andrographis 

paniculata are abundantly available in India and widely known for medicinal properties. Various 

parts of these plants possess extraordinary healing power and being used as folklore medicine in 
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India since ancient times. Papaya plant is widely known for its application in dengue patients 

because of their platelet augmenting power, neem leaves are one of the most widely used 

remedy in diabetes and malaria and kalmegh is one of the important part of at least 26 Ayurvedic 

formulations, but no one has ever evaluated them together against dengue fever complications. 

All of them are somewhere screened for their anti viral properties using in vitro methods which 

have shown promising results but needed to be screened further extensively before arriving at 

any definite conclusion. They needed to be evaluated in animal models to check their efficacy 

and safety in conditions like DHF and DSS. So, in this study we have examined their potential 

against DHF and DSS using two different animal models. As we know that thrombocytopenia is 

a key feature of DHF leading to plasma leakage, hypovolemia and shock like condition if not 

treated on time which results in morbidity and mortality. So we have induced thrombocytopenia 

in mice using carboplatin to observe the effects of our plant extracts alone and different 

combinations. We have seen good results in papaya treated group which was expected but other 

two plant extracts have also shown promising results by increasing the platelet count 

significantly and their combination of equal proportions seem to be the best amongst all other 

treatment groups. Bleeding time and clotting time are the two important parameters used to 

assess the platelet function. Our results were further supported by a significant reduction in these 

two when compared with disease control group. So, we further evaluated this combination of 

plant extracts against more serious complication of dengue which is hemorrhagic shock (HS). 

None of the plants we have selected has been ever evaluated in vivo against HS condition till 

date. We were able to induce the HS condition successfully in all our experimental animals 

using fixed volume bleed out model and seen encouraging results. During HS like condition, as a 

part of body’s compensatory mechanism a rise in levels of vasopressin, NF-ƘB and IL-6 has 

seen but our treatments have not allowed their level to rise when compared with disease control 

group. They have also normalized the serum electrolyte levels at the end of the study and have 

prevented the occurrence of metabolic acidosis or alkalosis. All these results produced in this 

thesis is going to serve as a very strong scientific base for further elaboration of their effects 

against complications of DF and promote the researchers to carry forward the research in this 

direction. 

G. Methodology of Research, Results / Comparisons: 

1. Selection, Collection, Identification and authentication of plants 

Based on thorough review of literature, three plants were selected to study their effect in dengue 

fever complications. Main criteria for the selection of plants were their effectiveness, toxicity 

profile, availability in India, easy accessibility to everyone and cost. Three plants, Carica 
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papaya, commonly known as “Papaya” (family: Caricaceae), Azadirachta indica, commonly 

known as “Neem” belongs to the family Meliaceae and Andrographis paniculata, commonly 

known as “Kalmegh” or “King of Bitters,” belongs to the family Acanthaceae were selected. 

Neem leaves were collected locally, dried under a shed and powdered to talc consistency in a 

mixer grinder and sieved. 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. 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. 

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. Dry powders of Azadirachta indica and Carica papaya were subjected 

to aqueous extraction by cold maceration method (19). 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. 

2. In vivo evaluation of plant extracts against carboplatin induced thrombocytopenia in 

mice 

2.1. Animals:  

Seventy-two healthy adult female swiss albino mice, 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. 

2.2. 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 
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carboplatin (Fresenius Kabi Oncology Ltd.) at the dose of 125 mg/kg of body weight (32). 

2.3. Grouping and Treatment: 

Sr. No. Group No. of animals 
Dose Concentration 

(mg/kg) 

1 G1 6 Female 
Normal Control (CMC 

0.5%) 

2 G2 6 Female 
Disease Control     

(Carboplatin125mg/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:K  in  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 of70,15,15%) 

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 this permutations and 

combinations we have made the batch size of 12 gm and all the extracts were weighed and combined accordingly. 

2.4. 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 
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mortality. 

2.5. Statistical Analysis 

It is carried out using the software Graph pad prism version 8. Data was recorded and noted as 

mean values +/- Standard Error of Mean (SEM). Data was 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. 

2.6.RESULTS:  

 

2.6.1 Effect on Platelets: 

At the end of the study mean platelet count of all treatment groups was significantly higher than 

what it was on Day 1, indicating complete reversal 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%). 

2.6.2. Effect on Bleeding Time and Clotting Time:  

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 BT and CT with maximum effect was observed in group 3, which has shown an 

increase of only 22.4% in BT 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. 

2.6.3. Effect on other parameters 

All groups have shown a decrease in WBC, RBC and Hemoglobin level. Herbal extracts have 

prevented either a fall and rise in hematocrit level. When extracts were used alone they have 

shown a significant reduction in body weight, but at the same time their combinations are much 

gentler on body weight. 

3. In vivo screening of plant extracts against fixed volume bleed out model of Hemorrhagic 

Shock (HS) in rats. 

3.1. 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 
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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). 

3.2. Grouping and treatment 

Group Group type Treatment (p.o) No. of rats 

Male female 

G1 No Hemorrhage, Normal 

control (NC) 

CMC (1%) 6 6 

G2 

 

Disease Control (DC)-sub 

lethal (40% blood removal) 

No Treatment 6 

 

6 

G3 Disease Control (DC) 

lethal(60% blood removal) to 

check survival 

No Treatment 6 6 

G4 Sub lethal Hemorrhage with 

Treatment 

Carica papaya (C) extract (500 

mg/kg) 

6 6 

G5 Sub lethal Hemorrhage with 

Treatment 

Azadirachta indica (N) extract 

(200 mg/kg) 

6 6 

G6 Sub lethal Hemorrhage with 

Treatment 

Andrographis paniculata (K) 

extract (200 mg/kg) 

   6    6 

G7 Sub lethal Hemorrhage with 

Treatment 

Equal (33.33%) of all the three 

extracts (C,N,K) (300 mg/kg) 

6 6 

G8 Sub lethal 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 

3.3. Fixed volume bleed out HS model in rats 

After receiving the treatments for 14 days, 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 
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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 (33) Lethal HS model was induced to check the survival of animals and 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 

death 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. All the animals were observed daily for morbidity and mortality as well as any changes in 

skin color or texture. 

3.4. 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). 

3.5. ELISA 

 

NF-ƘB (Nuclear Factor Kappa B), IL-6 (Interleukin-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 hour post hemorrhage. 

3.6. Statistical Analysis 

 

All data were depicted as Mean ± Standard error of 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 
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0.0001**** were considered statistically significant. 

3.7. RESULTS 

3.7.1. Effect on plasma vasopressin, NF-ƘB and IL-6 levels at 24 hours post HS 

We have seen a significant (P < 0.0001, P < 0.001) increase in plasma vasopressin level in all 

HS-induced groups compared to NC and 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. 

3.7.2. Effect on serum Na+ level 

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. 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 indicating the recovery with the 

highest effect was seen in males and females of G7. 

3.7.3. Effect on serum glucose level 

A sharp rise in blood glucose level has seen at 24 and 72 hour post HS and at the end of the 

experiment it returned to normal. 

3.7.4. Effect on other hematological and biochemical parameters 

Almost all the cell count including Hematocrit, hemoglobin, RBC and platelets were found to 

decrease at 24 hr and 72 hour post HS and almost recovered at the end of the experiment. Serum 

lactate and bicarbonate levels were not altered much throughout the experiment, so neither 

metabolic acidosis nor alkalosis has been observed. Treatments have no significant effect on 

body weight and rectal temperature. 

H. Achievements with respect to objectives: 

Carboplatin can be used to induce thrombocytopenia in experimental animals. In our study, our 

plant extracts have successfully prevented the progression of thrombocytopenia by increasing 

the platelet count without producing any toxicity or side effects. Increased platelet count has an 

impact on bleeding time and clotting time which was also reflected in our study as treatment 

groups have shown a significantly less BT and CT when compared with DC group. Results from 

another in vivo model indicated the protective role of fixed dose combination of plant extracts 

(300 mg/kg) in Hemorrhagic shock condition produced by fixed volume bleed out method. 

Thrombocytopenia is a major clinical manifestation of DHF and if it is not cured on time then 

eventually it progresses to its more severe form characterized by increased level of vasopressin, 
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inflammatory biomarkers and cytokines such as NF-ƘB and IL-6, serum level of glucose, 

electrolytes, lactate, bicarbonate and decreased level of hemoglobin and other blood cell counts 

which is life threatening. Such changes were either prevented or normalized at the end of the 

experiment in treatment groups. Fixed dose combination of our plant extracts has shown 

promising results against both the severe forms of dengue. 

I. Conclusion: 

We can conclude that our polyherbal extracts are capable to treat thrombocytopenia by 

increasing platelet count significantly. We can also 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. Our data 

suggests that when these three extracts are used in equal proportions, they give not only the best 

possible result but also the safest one. Hence, they can be used alone or in combination with 

conventional treatments to provide symptomatic relief and thereby improving the quality of life 

in people with dengue fever complications.  
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