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Chapter 2. Review of Literature 

2.1. Colebrookea species. 

Co/ebrookea belongs to family Labiatae (sub- Larniaceae), which comprises of 100 genera 

and about 3000 species having considerable economic and medicinal importance. Most of 

the species found in India are distributed in the hill regions. The family yields many useful 

steroids, flavonoids and glycosides Ol. Many members of the family are used as culinary or 

medicinal herbs, as sources of volatile oils and in some cases for the preparation of 

constituents of the volatile oils such as menthol and thymol. In addition to the volatile oils, 

constituents of the family include diterpenoids and triterpenoids, saponins, a few pyridine 

and pyrollidine alkaloids, insect moulting hormones, polyphenols, tannins, coumarins and 

furanoids. Some of the flavonoid present in the species has been demonstrated to have CNS 

stimulant activity lll. 

2.1.1 Colebrookea opposttifo/ia Smith l3l. 

The synonyms of the plant are: 

Beng. - Pansara; Hindi - Binda, pansara; Kan. - Fa/ia, tuggigidda; Mar. - Bhamini, 

dusarika jhar; Oriya - Bosiki, darigopi; Tel. - Jo/idi, Nep. - Dhusure, Lepcha -

Kumfyjemkung. 

2.1.1.1. Distribution 

The plant is found to be distributed throughout India in the hilly regions, at elevation 

ranging from 3000 to 5000 ft, especially in valleys and ravines, often gregarious near 

watercourses l3J. 

2.1.1.2. Features of different parts of the plant 

Co/ebrookea oppositifolia is a densely tomentose, hoary, much branched shrub or small 

tree. The plant is 1.2 to 3.6 m tall, bearing oblong-elliptic leaves with smooth grey bark. 

Trunk stout, stems irregularly indented! bark corky, and leaves 10-20 em x 3.8-5.0 em. 

Flowers small, numerous, white, red or pale chocolate, in crowded spikes; fruits 1.2 em, 

nuts, usually one, hairy (3). The leaves are used as fodder. The wood is grayish white, 

moderately hard (736-738 kg/m3
) and closed grained. It is converted into charcoal lor 

gunpowder. (Fig. 2.1) 
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Figure 2.1. Photograph showing the twig of Colebrookea oppositifolia Smith 

obtained from the Rangpo region of Sikkim. 
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2.1.1.3. Pharmaceutical and Phytochemical aspects 

In folk medicine, the leaves as well as root of Colebroo/cea oppositifo/ia is being used to 

treat various ailments. Ethnobotanical studies indicate that the decoctions of Colebrookea 

oppositifolia leaves and stem bark are widely used among the tribal populations of Sikkim 

to treat skin infections {2), indigestion (21 , diarrhoea rsl, wounds and cuts <
41• Alcoholic 

extracts of leaves is reported to be useful in a~thma <
61

, epilepsy '71 and hclminthcs m. It is 

administered either as decoction, infusion or tincture. The leaves pastes are applied to 

wounds and bruises, and are also used in eye diseases. The roots are used in epilepsy by the 

tribals of western Himalaya. The defatted alcoholic extract of the roots showed CNS 

excitation with increased rate of respiration and ·induced motor incoordination in mice (J). 

Leaf decoction is also used as aphrodisiac and relief from tension (personal experience of 

the authors). 

Phytochemical analysis ofC.oppositifolia revealed the presence of number of Jlavonoids: 

Baicalein, tri-O-methyl <91, Chrysin llOl, Colebrookia flavonoid l11l, 2'-5-7- trihydroxy 

flavone (10l, 2-hydroxy -2- 3 -7-8- tetrarnethoxy flavonol <121, 4'-5--{5-7- tetramethoxy 

flavone (Bl, Ladanein (10l, Negletin (lDl, Quercetin <
14

) and Scutellarein <91 . The bark also 

contains steroid, lipid, Triacontane and triacontene (&)_The alkanol and alkene (Cs or more) 

isolated from plant showed remarkable Anthelminetic avtivity. Methanol: water (1:1) 

extract of dried aerial part of C.oppositifolia showed significant cytotoxic and antitumor 

activity <151
• 

2.2. Heracleum Species <
21 

The Genus belongs to the family Umbelliferae (sub Apiaceae). The family contains about 

275 genera and 2850 species, out of which Heracleum contains 70 species. The 

constituents of the family, other than volatile oil and resins, include coumarins, 

furocoumarins, chromonocoumarins, flavonoids, terpenes and sesquiterpenes, triterponoid 

saponins and acetylenic compounds. Alkaloids remain as rare constituent in the species. 

2.2.1. Heracleum nepalense D. Don. DC <21 

The synonyms of the plant are: Nepali - Chimphing, Lepcha- Sanhen. 
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Figure 2.2. Photograph showing the plant Heracleum nepalense D.Don. DC obtained 

from Pstangu region of Sikkim. 
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2.2.1.1. Distribution ~ 

This species is a forest dweller and is found in North- Eastern part of Sikkim Himalayan ~ 
range at an altitude of 2000 - 3000 m. This plant is found in several parts of the 

Himalayan range of Sikkim, including spring banks, freshly burnt area, and association 

with Rhododendron. (Fig. 2.2) 

2.2.1.2. Features of different parts of the plant 

It is a small shrub 0.9 to 1.2m high glabrescent stem. Leaves 25 em long uni or bipinnate; 

leaflets sessile oblong or ovate, irregularly toothed; flowers white, in umbels. Flowering in 

July and fruits are obovate. Fruiting August to .September. The dried herb is used as a 

fodder in winter. The seeds are being used for preparation of chatni ( 11
. 

2.2.1.3. Phannaceutical and Phytochemical aspects 

Ethnomedicinal studies indicate that the root juice is being used to treat various ailments (21 • 

The root juice is said to posses antidiarrhoeal, aphrodisiac and analgesic property. The 

plant is used in veterinary medicine. It exhibits stimulant property and increases the rate of 

respiration and blood pressure in goats. The essential oil from fruits showed moderately 

good antimicrobial activity against Staphylococcus aureus, Escherichia coli and Vibrio 

cholerae (161
• Phytochemical analysis of the root of the plant revealed the presence of a 

number of Coumarin: Bergapten \17
· 

18
• 
19l, Pimpinellin l\7), Saphondin ll7l. 

2.3. Effect of herbs on bioavailability and phannacokinetics of drugs 

The therapeutic effectiveness of a drug depends upon the ability of the dosage form to 

deliver the medicament to its site of action at a rate and amount sufficient to elicit the 

desired pharmacologic response. This attribute of the dosage forms referred to as 

physiologic availability, biologic availability or simply bioavailability. For most drugs, the 

pharmacologic response can be related directly to the plasma levels. Thus the term 

bioavailability is defined as the rate and extent (amount) of absorption of unchanged drug 

from its dosage form. It is an absolute term. The concentration of drug in plasma and hence 

the onset of action, and the intensity and duration of response depend upon the 

bioavailability of drug from its dosage form. Other processes that play a role in the 
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therapeutic activity of a drug are distribution and elimination. In order to administer drugs 

optimally, knowledge is needed not only of the mechanisms of drug absorption, 

distribution, metabolism and excretion (ADME) but also the rates (kinetics) at which the 

processes occur. So pharmacokinetics is defined as the study of time course of drug 

ADME and their relationship with its therapeutic and toxic effects of the drug 120>. 

There is a growing awareness that herbal remedies and other phytochemicals could 

severely affect the disposition of drugs and chemicals. During the past five years, a few 

herbs that have been widely popularized, such as ginkgo, ginseng, and St. John's wort, 

were specifically cited as causing, or suspected of causing, interactions with drugs (Table 

2.1 ). A possible interaction refers to the possibility that herbs may alter the bioavailability 

or the clinical effectiveness of drug when both are given concurrently. The net result may 

be an increase or a decrease in effect of one or both substances. The main causative factors 

in the effect of herbs on' ·bioavailability of drugs were identified as the phytoconstituents 

that modulated a major of drug metabolizing enzyme system, Cytochrome P450 (CYP) 

known as acromyn (211
• Additionally, molecules that are substrate of !'-glycoprotein efflux 

transporter pumps may also get affected by the interaction of herbs 122
). 

The cytochrome P450 (CYP) enzyme system consists of a superfamily of hemoproteins 

that catalyse the oxidative metabolism of a wide variety of exogeneous chemicals including 

drugs, carcinogens, toxins and endogenous compounds such as steroids, fatty acids and 

prostaglandins 122
). The CYP enzyme family plays an important role in phase-! metabolism 

of many drugs. The broad ranges of drugs that undergo CYP mediated oxidative 

biotransformation are responsible for the large number of clinically signilicant drug 

interactions during multiple drug therapy. The enzyme cytochrome P450 is derived from 

the proteins that have a heme group and unusual spectrum. The name cytochrome P450 is 

appropriated from the fact that these enzymes are characterized by a maximum absorption 

wavelength of 450 nm in reduced state in the presence of carbon monoxide. Naming a 

cytorome P450 gene included root symbol "CYP" for humans ("CYP" for mouse and 

Drosophilla), an Arabic numeral denoting the CYP family (e.g. CYPI, CYP2), letters A, B, 

C indicating subfamily (e.g. CYP3A, CYP3C) and another Arabic numeral representing the 
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Table 2.1. Herbs reported to have potential for drug interactions. 

Herb Source Interactions reported or suspected 

Warfarin (to cause bleeding); serotonin-
uptake inhibitors (to cause mild serotonin 

St. John's wort Hypericum perforatum syndrome); indinavir (increased 

(Whole plant) 
bioavailability); digitoxin, theophylline, 
cyclosporin, phenprocoumon, and oral 
contraceptives (all with reduced 
bioavailability) 

Antidepressants such as phenelzine sulfate 

Ginseng Panax ginseng (to cause manic episodes, headache); 

(Root) warfarin (to cause bleeding or to decrease 
effectiveness); corticosteroids 
(potentiation); estrogens (potentiation) 

Ginkgo Ginkgo biloba Warfarin (to cause bleeding) 
(Leaf) 

Ginger Zingiber officinale Sulfaguanidine (enhance absorption) 

(Rhizome) 

Garlic Allium sativum Warfarin (to cause bleeding) 
(Bulb) 

Rhubarb Rheum officinale Cardiac glycosides and antiarrhythmic 
(Root) agents (potentiating by reducing potassium 

via laxative effect) 

Aloe Aloeferox Cardiac glycosides and antiarrhythmic 
(Leaf sap) agents (potentiating by reducing potassium 

via laxative effect) 

Astragalus Astragalus Cyclosporine, azathioprine, methotrexate (to 
membranaceus impair intended immuno-suppressive 
(Root) effects). 

Bupleurum Bupleurum fa/catum Sedatives (potentiation) 
(Root) 

Liquorice G/ycyrrhiza ura/ensis Corticosteroids and thiazide diuretics 
(Root) (potentiation); digitalis or other cardiac 

glycosides (increased sensitivity) 
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individual gene/isoenzyme/isoform (e.g. CYP3A4, CYP3A5) 123
) CYP3A4 isoenzyme is 

the most predominant isoenzyme in the liver and is involved in the metabolism of 

approximately 30-40% of drugs (24
• 

25
'. 

Literature and anecdotal reports suggest that concomitant oral administration of some 

natural products and pharmaceuticals may affect metabolism in human and significantly 

increase the plasma-drug concentration (26-
76l. 

Bailey et.al reported a significant pharmacokinetic and pharmacodynamic interaction of 

felodipine (a calcium antagonist) when the drug was given with concomitant intake of 

grape fruit juice; this investigation .,vas carried out in a cohort of subjects who had a 

borderline hypertension (26
'. As a result of the pharmacokinetic interaction, parameters such 

as peak plasma concentration (Cmax) and area under plasma concentration-curve (AUC) 

increased approximately by 2.2 fold and 2.5 fold respectively of control treatment (water 

alone). In a similar fashion, the pharmacodynamic interaction resulted in a significant 2-

fold decrease in diastolic blood pressure and a 2-fold increase in heart rate measures 

compared to the treatment. Interestingly, the concomitant administration of felodipine with 

orange juice to the same subjects did not alter the pharmacokinetics or pharmacodynamics 

of felodipine. Another contemporary work showed that other dihydropyridine substrates 

such as nitredipine and nisoldipine when administered with grape fruit juice exhibited 

increased rate and extent of absorption when compared to the respective control 

treatment(27
'. 

Proppe et.al observed a stable creatine clearance in all but one patient, m spite of 

significant alternation in the pharmacokinetics of cyclosporine following intake of grape 

juice (28l. In a group of women patients, it has been shown that the intake of grape juice 

significantly inhibited the metabolism of 17 P-estradiol (hormone supplement) and as result 

significantly increased the bioavailable amounts of 17 p-estradiol and its metabolite, 

estrone. However, it appeared that this pharmacokinetic interaction between grape juice 

and 17 P-estradiol might not be clinically important (29
). 
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Anderson et.al have reported, a 2-fold increase in the exposure of midazolam following 

grapefruit juice administration in patients with liver cirrhosis. In the same report, authors 

concluded that those liver cirrhotic patients are more dependent on the intestinal 

metabolism of midazolam than the normal subjects who have the normal liver function 130
\ 

Nagy et.al have reported an approximately 3.2 fold increase m the availability of 

albendazole, when grape juice was ingested with the drug 1311
• In another study, the 

bioavailability of sildenafil was enhanced, while the absorption was delayed when grape 

juice was administered with sildenafil 1321
• Both Cmax and AUC values of cisapride were 

tremendously increased by concomitant grape juice ingestion, however, neither T max nor 

elimination half-life values were altere.d 1331
• In case of saquinavir, a HIV protease inhibitor, 

concomitant intake of grape juice increased the bioavailability of saquinavir by 

approximately I. 7 fold 13,.1, 

One of the main causative factors in the grape juice effect on drug availability was identified 

as a group of furanocoumarins that inhibited a major drug metabolizing enzyme system, 

cytochrome P450. In particular, CYP3A4 appears to be the enzyme most affected, though 

the entire CYP system is inhibited to some extent 135• 
361

• CYP is mainly found in the small 

intestine and liver; it is believed that the major effect of grape juice is to inhibit the small 

intestine CYP, thus preventing the drug from being metabolized before it enters the blood 

stream. In fact, the process has been described as more than simple inhibition: to a certain 

extent the enzyme is bound to the chemical compounds in the juice and washed away from 

the small intestine. Repeated administration of the juice increases its effect, rather than 

causing a rebound of enzyme levels 137
1. 

Interaction between grape juice and clinically used drugs has been reported in recent years. 

These drugs include cyclosporine, midazolam and trizolam. All of these drugs are 

substrates for CYP3A4 and undergo extensive metabolism by intestinal CYP3A4 138· 39}. 

Different other studies have been conducted to know the compounds in which grape juice 

involved in the drug interaction. Analysis of ethyl acetate extracts from grape juice 
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revealed the presence of several furanocoumarins of which bergamottin, the parent 

compound of 6', 7'-dihydroxybergamottin, is the major one and was found to be a 

mechanism based inactivator of CYP3A4 in human liver microsomes <401. The other non

flavonoid components found in grape juice such as limolin and obacunone, a triterpene

derived product, also reduced microsomal testosterone 6~-hydroxylation in human liver 
(4\) 

Ping. Cheun Ho el a/. studied the effect of flavonoids and furanocoumarin compounds 

found in grape juice, on activity of human liver CYP3A4. The study has reported that 

besides the flavonoids, other compounds found in grapefruit including furanocoumarins 

can produce strong inhibition of CYP~A4. The grape juice di:ug interactions could involve 

CYP3A4 inhibition by more than one component present in grape juice 1421
. Other in vivo 

and in vitro studies have shown that flavonoids can enhance or inhibit the activities of 

certain P450 isozymes <43
• 
44

• 
45

• 
46

· 
471

. 

When predicting potential drug-herbs interactions, the role of the membrane transporter ?

glycoprotein (Pgp) must also be considered l481 . Pgp, a member of the superfamily of 

proteins known as the A TP-binding cassette, is capable of pumping a wide range of 

structurally diverse, lipophilic drugs out of cells, potentially acting as a defense 

mechanism. This glycoprotein is well recognized because of its contribution to multiple

drug resistance during cancer chemotherapy. Pgp has been discovered in the liver, kidney 

(where it pumps drug out of the body through the urine), bloodbrain and bloodtestis barrier, 

lymphocytes, and the placenta. Pgp has also been located in the enterocytes of the small 

and large intestine, where its role is to carry lipophilic molecules from the enterocyte back 

into the intestinal lumen for elimination. Many hydrophobic drugs are either metabolized 

by CYP3A or pumped back into the lumen by Pgp after intestinal absorption and 

enterocyte uptake. Therefore, CYP3A and Pgp, acting in tandem, may decrease the oral 

absorption and delivery of different pharmaceuticals (491
. 

Abernethy et.al have shown that grape juice can inhibit the ?-glycoprotein related efflux 

transport of talinolol both in vitro and in vivo situations <
501

. In another study, it was 
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reported a decrease in the concentrations of celiprolol following grape juice administration. 

The authors have attributed a physical interaction of grape juice such that it interferes with 

phase of celiprolol. The data is well supported by the fact that itracanozole' s treatment 

increases the plasma concentrations of celiprolol due to itracanozolc's known inhibitory on 

CYP3A4 and ?-glycoprotein (511
• Oral bioavailability of some protease inhibitor was 

unexpectedly increased by about 25% when the patients were preadministered with grape 

juice <521. 

Piperine (1-piperoyl piperidine) a major component of the Piper species Piper niRrum L. 

(Piperaceae) is a potent inhibitor of drug metabolism and inhibited hepatic monooxygenasc 

and UDP-glucuronyltransferase 153· 54l. 

Hiwale et.al studied the effect of piperine on bioavailability and pharmacokinetics of ~

lactam antibiotics in rats. It has been observed that an earlier tmax, higher Cmax and AUC 

were obtained in the mice that received both the drugs concurrently 1551 . In addition 

piperine has also been shown to enhance the bioavailability of drugs like vascicine, 

spartenin, barbiturate and oxyphenbutazone, zoxazolamine, propranalol and theophylline in 

animal experiments 156.591• 

Bano et.al studied the effect of piperine on pharmacokinetics of phenytoin in the healthy 

human volunteers and reported the significant increase in the hioavailability of the 

phenytoin in volunteers treated with piperine 1601. In another study, piperine was reported of 

the increase in bioavailability of indomethacin in rabbits, including tmax, Cmax and AUC 16
1). 

St. John's Wort (SJW), an herbal product derived from the perennial plant Hypericum 

perforatum and has gained immense popularity as an antidepressant. In recent years, there 

have been numerous case reports of interactions between SJW and prescription drugs 

metabolized by CYPs such as indinavir, cyclosprorin A, warfarin, digoxin, and 

theophylline <
62

1. Several in vitro and in vivo studies have evaluated the effects of SJW 

extract on the expression and activity of hepatic CYP3A4 and the drug effiux protein ?

glycoprotein (Pgp) <
6
3-6

7>. These data suggest that SJW induces CYP3A4 activity, which 
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could explain many of these drug interactions. Additionally. SJW may also induce 

intestinal Pgp expression and activity and influence pharmacokinetics or drugs such as 

indinavir and digoxin !
63

' 
64

!. A pharmacokinetic interaction between SJ W and theophylline 

was reported, where plasma concentrations following SJW therapy were decreased t68l. 

Since theophylline is metabolized mainly by CYP1A2, it is possible that induction of 

CYPIA2 by SJW may explain the reduced theophylline concentrations and loss of 

therapeutic efficacy. The use of medicinal herbs has particularly increased over the past 

few years among specific patient populations including HIV-infected patients. St. John's 

wort altered pharmacokinetics of the HIV protease inhibitor, indinavir in individuals on 

retroviral therapy <
69

). According to the Card L, St. John's wort induces CYP3A4, which 

metabolizes most protease inhibitors .. The concomitant administration of St. John's wort 

with protease inhibitors could result in the induction of CYP3A4, increased metabolism, 

and sub therapeutic levels. of the protea~e inhibitor. 

Rosemary, Rosmarinus officina/is (Labiatae) is used externally to improve circulation in 

hypotonic circulatory disorders, rheumatic conditions, eczema, and as a poultice for poorly 

healing wounds. Rosemary is taken orally for dyspeptic disorders, loss of appetite, liver 

and gallbladder complaints, and blood pressure problems l
70

l. It inhibits the binding of 

doxorubicin and vincristine to l'gp, thereby increasing the intracellular accumulation of 

these chemotherapeutic agents (71). Rosemary may thus also increase cyclosporine plasma 

concentrations by increasing its oral bioavailability, through inhibition ofPgp activity. 

Strandell et. a/ studied the interactions of herbals and other natural remedies on cytochrome 

P450. They confirmed that extracts of herbal preparation were potent inhibitor of all tested 

metabolic enzymes cnJ. In another study, it was reported that garlic inhibited the metabolic 

enzymes and increases the bioavailability of different pharmaceuticals (7Jl. Traditional 

Chinese medicines (TCM) are believed by many to be safe and used for selt~medication 

without supervision. Although the risk appears to be low, certain TCM have been 

associated with a number of serious adverse reactions. In diflerent studies it was reported 

that many Chinese medicinal herbs were inhibitors or inducers of hepatic CYP450 174
' 

76
l. 
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2.4. lmmunostimulatory agents from herbal source 

Immunostimulants or immunopotentiators are drugs leading predominantly to a non

specific stimulation of immunological defense mechanisms m.n,_ Change in the immunity 

leads to incurable life threatening diseases like cancer and AIDS. So, stimulation of the 

host immune response presents an interesting supplementary approach for conventional 

anti-AIDS therapy. The stimulation of immune response by using herbal products, as a 

possible therapeutic measure has become a subject of scientific investigations. The basic 

concept has, however, existed in the ancient Vedic scripture, the Ayurveda, and has hecn 

practiced m Indian traditional medicine for many centuries. One of the therapeutic 

strategies m Ayurveda medicine is to increase body's natural resistance to the disease 

causing agent rather than directly neutralizing the agent itself; in practice, this is achieved 

by using extracts of various plant materials called rasayanas (Charak Samhita, 1000 

BC)(79
l. This concept irr. modern scientific understanding would mean enhancement of 

immune responsiveness of an organism against a pathogen by non-specifically activating 

the immune system using immunostimulatory agents of plant origin. It is now being 

recognized that immunostimulation could provide an alternative to conventional 

chemotherapy for a variety of diseased conditions, especially when host's defense 

mechanisms have to be activated under the conditions of impaired immune response <K<n .. 

The basic function of the immune system is to protect against l<>rcign pathogens and 

infectious agents. This is achieved either through innate or natural immunological 

mechanisms which essentially serve as a short term first line of defense or through 

elaborate adaptive mechanisms which are highly specific, complex and are marked by 

diversity and memory. In both types of immunity, cells and molecules play important roles. 

While in natural or innate responses the cellular players are monocytes, macrophages, 

polymorphonuclear phagocytes and natural killer cells, in the adaptive immunity the 

pivotal role is played by two classes of lymphocytes, viz., T (thymus derived) and B 

(Bursa- or bone marrow derived) cells and these are assisted by accessory cells such as 

antigen presenting cells. Further, the cellular dichotomy in adaptive immune response is 

also reflected in functional division of labour as the T cells serve as effectors of cell 

mediated immune responses such as delayed type hypersensitivity and killing of virus 
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infected cells and al so as helpers for the production of high ly spccitic proteins. called 

antibodies, by the B lymphocytes. These antibodies possess binding sites complementary to 

the antigen and are responsible for their removal from the system. The molecular 

constituents of the natural immune system are the complement proteins some o f which help 

in opsonisation of foreign bacteria. lysozyme, defensin peptides. certain cytokines. etc 181
-
83

) 

Although extensive work has been carried out in the field of medicinal chemistry during 

thi s century, it is only in the la<>t two decades that a numher or compoumb with 

immunostimulating acti vity have been identified from the plant materials. These include: 

alkaloids, terpenoids, quinines in one category and polysaccharide~, peptides, glycoprote ins 

and nucleotides in the other. 

Upadhaya S.N. has highlighted the therapeutic potential of immunomodu latory agents from 

plant products. They have evaluated lndian medicinal plants for immunostimulatory 

activity. The author had also reviewed the Ayurvedic prevent ive hca lthcare medicines. !\ 

li st of Ayurvedic medicinal plants showing immunostimulatory activ ity has been provided 

which includes agents like Withania somnifera, Allium sativum, Azadirachta indica, Piper 

longum. Asparagus racemosus. Glycyrrhiza glabra, Aloe vera, c;melina arhorea and 

T . d;r; , . (80) znospora cor z1 o w . 

Thatte and Dahanukar, have described how the description o r anc ient writ ings can lead to 

the development of new immunostimulatory agents. The experiments carri ed out to prove 

the rasayana concept of Ayurveda have demonstrated that Aspara!?us racemosus. 

Tinospora cordifolia and Withania somnifera protected animals against infections in 

normal and irnmunosupressed states induced by hemisplenectomy or surgery (XS ) These 

plants also produced leucocytosis with predominant neutrophi lia and prevented, to varying 

degrees, the leucopenia induced by cyclophosphamide. They were fo und to ac ti vate the 

polymorphonuclear and monocyte-macrophage systems. Only these rasayanas which 

produced sweet (madhu r) vi r aka (Tinospora cordi(olia. /1 . \'fJ(Irrt~lls rucemo.\ 1/S. fo~mhlico 

ujjicinalis. Terminalia chebula and Withania sumnifera) were found to stimulate the 

48 



Chapter 2. Review of Literature 

reticulo-endothelial system, but not these like Acarus calamus, Commiphora mukul, ami 

Picorrhiza kurroa, which produced bitter (katu) vipaka <84
'. 

Among the irnmunostimulant rasayanas, Tinospora codiofolia has been extensively studied 

by Dahanukar et al <
851

. It has been found to activate the mononuclear cells to release 

cytokines like GMCSF <
861 and IL-l in a dose dependent manner <

841. Whole aqueous 

extract of Tino:.pora codiofolia, standardized using HPTLC, has been evaluated as an 

adjuvant in clinical conditions like obstructive jaundice. tuberculosis and cancer 

chemotherapy and has been found to increase the efficacy of conventional therapy. Active 

principle of Tino:.pora codiofolia were found to possess anticomplementary and 

immunomodulatory activities. Syringip (TC-4) and cordial (TC-7) inhibited the in vitro 

immunohaemolysis of antibody coated sheep erythrocytes by guinea pig serum by 

inhibiting the C-3 convettase of the classical complement pathway. The compounds also 

gave rise to significant increases in IgG antibodies in serum. Both humoral and cell

mediated immunity were dose dependently enhanced. Macrophage activation was reported 

by cordioside (TC-2), cordiofolioside A (TC-5) and cordiol (TC-7) and this activation was 

more pronounced with increasing incubation time <871
• 

The effect of Asparagus racemosus, Tinospora cordifolia, Withania somnifera and 

Piccorrhiza kurroa on macrophage function obtained from mice treated with the 

carcinogen, ochratoxin (OTA) was evaluated by Dhuley J.N. <
88

'. Treatment with these 

plants significantly attenuated the OTA induced suppression of chemostatic activity as wdl 

as IL-l and TNF-a production by macrophages. Moreover, Wilhania somnifera potentiated 

macrophage chemotaxis and Asparagus racemosus induced excessive production of TNF-a 

as compared to controls. 

Ray et a/ demonstrated that ovalbumin immunized mice treated with Azadirachta indica 

leaf extract had higher lgG and IgM levels and anti-ovalbumin antibody titers as compared 

to control (humorairesponse). Azadirachta indica also induced cell-mediated response as 

seen from the enhancement of macrophage migration inhibition and footpad thickness <891
. 

These finding were supported by Ansari et a!. They found that Azadirachta indica 
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potentiated the antibody titres fo llowing typhoid H antigen immunization and induced 

delayed hypersensitivity following administration of tuberculin and D. BC to animals. ln 

human volunteers. it stimulated humoral immunity by increa<:>ing total lymphoc)1e and T

cell count in 2 1 days (90>. 

Oral treatment with leaf extract of Azadirachta indica reversed the inhib itory of restraint 

stress on formation of anti ~sheep RBC antibody titres in rats immunized with sheep RBC 

ami al so the increase in footpad thickness. It reversed the I)\) I induced -.,uppr~-.,-.,ion or 

antibody response and leucocyte migrati on inhibition in tetanous toxoid immunized rats. 

Restraint stress along with administra ti on o f DDT in subthreshold doses resulted in an 

inhibition of the immune response. Azadirachta indica anenuated the immu notox icity of 

environmental and xenobiotic strcssors (91
l . In another stud ), the animal s were treated 

intraperitoneally with the heem oi l. Peritoneal macrophages exhibited enhanced phagocytic 

activity and expression of MHC class-ll antigens. Neem oil treatment also induced the 

producti on of gamma interferon. S pleen cell s showed a significantl y higher prol iferative 

response of Con A and tetanus toxoid TI in vitro compared to that of controls. 

Pretreatment with neem oil, however, d id not augment the anti TT antibody response. 

These data suggested that neem oil acts as a non-specific immunostimulant for cell 

mediated immune mechanisms (n). 

Root suspension of Janakia arayalpathra was found to have immunostimulatory properties 

in mice. It stim ulawd an incn.:asc in humoral antihody titre :-. and ;tl-.o or antihody -;ccn:ti ng 

sp leen ce lls in the plaque fo rmi ng cells assay fol lowing immunization with sheep 

erythrocytes. It al so im:n:ascd the numhcr o f peritoneal macrophages and produced an 

increase in delayed hypersensitivity reaction in mice ('JJ ). 

The alkaloidal fraction of Boerrhiva diffusa signi ficantly restored the suppressed humoral 

response in stressed rats as observed by Munganti war et. a!.. wherein Boerrhiva di[/i1.m 

increased the suppressed antibody titres fo llowing immunization by sheep RBCs in rats 

subjected to restraints stress. It also significantly reversed the depleted adrenal cortisol 
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level and elevated plasma cortisol level in the stressed rats, thus appearing to have a 

corticosteroid sparing effect in experimental stress <94 >. 

lmmune-21, a polyherbal natural product has been shown to exhibit significant 

immunopotentiating and immunoprophylactic activity, both in vitro and in vivo <q5>. In 

another study, one hundred and seventy-eight ethanolic plant extracts from the 

pharmacopoeia of the Tacana, an ethnic group from Bolivia, were screened for 

immunomodulatory activity using complement cascade inhibition and ADP-induced 

platelet aggregation inhibition assays. Six plants impaired both complement pathways 

(classical and alternative): stem bark from Astronium urundeuvea (Anacardiaceae), 

Coch/o5permum vitifolium (Cochlospermaceae), Terminalia amazonica (Combretaceae), 

Triplaris americana (Polygonaceae), Uncaria tomentosa (Rubiaceae) and Euterpe 

precatoria (Arecaceae) roots. Inhibition of complement cascade was independent of 

essential ion complexation, and was not due to direct hemolytic activity on target red blood 

cells. For A. urundeuvea, C. vitifolium, and T. amazonica, anti-inflammatory activity relied 

on cyclo-oxygenase inhibition. Four of these species (A. urundeuva, T americana, U 

tomentosa and E. precatoria) are used traditionally to treat inflammatory conditions 196>. 

Jayathirtha el. a/. made an attempt to assess the immunomodulatory activity of methanol 

extracts of whole plant of Ec/ipta alba and Centella asiatica at five dose levels, ranging 

from I 00 to 500 mg/kg body weight., using carbon clearance, antibody titer and 

cyclophosphamide immunosupression parameters. In the case of E. alba, the phagocytic 

index and antibody titer increased significantly and the F ratios of the phagocytic index and 

WBC count were also significant. Regression analysis showed linearity in patterns of the 

dose response relationship, greatest in the case of the phagocytic index, moderate in th<.: 

WBC count and lowest in the antibody titer. For C. asiatica, significant increases in the 

phagocytic index and total WBC count were observed and the F ratio of the phagocytic 

index was also significant. Regressed values revealed maximum linearity in the case of the 

phagocytic index, moderate linearity in the total WBC count and lowest linearity in the 

antibody response 197>. 
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Joharapurkar el a/ developed a new model to screen the immunomodulatory activity of 

Rubia cordifolia. He concluded that, the minimum dose of pyrogallol, which can induce 

significant immunosupression, was 50 mglkg bodyweight. Thus, pyrogallol can be used as 

an experimental tool to induce immunosupression while screening the immunomodulatory 

activity <98l. 

2.5. Antioxidants from herbal source 

During normal biochemical reactions in our body there is a generation of reactive oxyg<:n 

and nitrogen species (ROS and RNS). These are enhanced during patho-physiological 

conditions creating 'oxidative stress'. During this phenomenon cellular constituents get 

altered resulting in various diseaseq states. This may be effectively neutralized, by 

enhancing the cellular defense mechanisms, in the form of antioxidants. So, an antioxidant 

may be defined as any substance that when present in low concentrations compared to that 

of an oxidizable substrate significantly delays or inhibits oxidation ofthe substrate 199
·
100l. 

The generation of ROS begins with the rapid uptake of oxygen and activation of NADPH 

oxidase and the production of the superoxide free radicals (Oz-) Superoxide is then rapidly 

converted to hydrogen peroxide (HzOz) by superoxide dismutase (SOD). 

These ROS can act by either of the two !JXygen dependent mechanisms resulting in the 

destruction of the microorganism or other foreign matter. The reactive species can also be 

generated by the myeloperoxidase-halide-H20 2 system. The neutrophil cytoplasmic 

granules contain the enzyme myeloperoxidase (MPO). In presence of chloride ion, which is 

ubiquitous, hydrogen peroxide is converted to hypochlorous acid (!·lOCI), a potent oxidant 

andantimicrobial agent 001
) 

The MPO dependent mechanism, though not as important as the previous one, is still 

essential. ROS are generated from superoxide and Hz02 produced via respiratory hurst hy 

Fenton (A) and/or Haber-Weiss (B) reactions. 

(A) HzOz + Fe2+ --> 'OH + OH- + Fe3+ 

(B) Oz- + HzOz--> 'OH + OH-+ Oz 

52 



_·.,J-1- ·-· 

Chapter 2. Review or l .itcraturc 

Reactive nitrogen species are also important The free radical nitric oxide (NO), first 

described as endothelium derived relaxation factor (EDRF), is produced from arginine by 

nitric oxide synthatase (NOS). An inducible nitric oxide synthatase is capable of 

continuously producing large amount of NO. ln activated cells, it acts as a killer 

molecules(! 02). 

There is increasing evidence to support the involvement of free radical reactions in several 

human diseases. Free radical reaction is an important pathway in a wide range of unrelated 

biological systems. Amongst the very many ways to chemically injure and kill cells, an 

important class of reactions is that producing free radical intermediates which trigger a 

network of multi'farious disturbances because of ubiquity of molecular oxygen in aerobic 

organisms and its ability to accept electron 1103>. 

Oxygen derived free radicals are often mediators and/or products of normal, pathological 

or toxic free radical reactions. A va~t amount of circumstantial evidence implicates 

oxygen-derived free radicals (superoxide and hydroxyl radical) and high-energy oxidants 

(peroxynitrile) as mediators of shock, inflanunation and ischemia reperfusion injury. 

Active oxygen species arid other free radicals have long been known to be mutagenic. 

Further, these agents have more recently emerged as mediators of the other phenotypic and 

genotypic changes that lead from mutations to neoplasia. Therefore, free radicals may 

contribute widely to cancer development in humans. In last decade. evidenr;es have been 

accumulated that the fi:ee radi~:a! process k:no-,•m as Hpid peroxidation plays fl crucial and 

causative role in the pathoget1csis of atherosclerosis, r.:~.<:er. myo~:ardia! intraction, and 

such as Parkjnson's di::ca.se:. !-.. b:f..ehner's dernentia, ynu1tipl~ s·~lernsls and Hpofuscinosis 

are no\\· well docutnen~ed c~ 011 ). 

TI1e invoivernent of rea,~tive oxygen speGie::~ CZi)S) ~n t~e pathogen<.~&is of several lung 

diseases has also been suggested. The pione-::r st··~1·:lies en T1-:c role of free radical reactions in 

the genesis and the expression uf ceilu1ar arK~ ti~sue dan1age has b(-;en carried cut mainly in 

the Jiver, in particuJar, duriT'lg the laSt 25 j'~ars by u~ing acute rat poisoning \.vith carbon 
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tetrachloride (CC14) as a model system. Several scientists have demonstrated the different 

mechanisms by which carbon tetrachloride activation to free metabolites lead to liver 

degeneration and necrosis 0051
. 

Studies in experimental models have incriminated reactive oxygen spectes as pnmary 

mediators in the pathogenesis of ischaemic, toxic and immunologically mediated renal 

injury. Diabetes mellitus is also associated with oxidative reactions, particularly those that 

are catalyzed by decompartmentalized transition metals, but their causative significance in 

diabetic tissue damage remains to be established <105
l. 

More interestingly, free oxygen radicals are increasingly discussed as important factors 

involved in the phenomenon of biological aging. Higher formation rates of free radicals 

from senescent animals observed in isolated biological material (mainly mitochondria), 

accumulation of the free radical damage and changes of antioxidants capacities appear to 

prove correctness of this assumption. The basic idea behind this assumption is that aging 

results from random deleterious effects of tissue brought about by free radicals. A 

conclusion from the data available so far was the free radicals are very likely to contrihutc 

considerable to the development of stochastic disorders observed during the progress of 

aging 006>. 

Plants and other organisms have evolved a wide range of mechanisms to contend with this 

problem, with a variety of antioxidant molecules and enzymes. In traditional South-East 

Asian medicine the therapeutic value of the parenchymatous leaf-gel of Aloe vera for 

inflammation-based diseases was reported. Extracts from leaf-gel contain glutathione 

peroxidase activity. The low molecular weight constituents of this extract inhibit the 

release of reactive oxygen species (ROS) by phorobol myristic acetate (PMA)- stimulated 

human polymorphonuclear leucocytes (PMN) (I07J. 

The antioxidant effects of oils isolated from onion and garlic on nicotine-induced lipid 

peroxidation in rat tissues were studied. Lipid peroxidation was significantly increased in 

the tissues of nicotine treated rats. Both the garlic oil and onion oil supplementation to 
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nicotine treated rats increased resistance to lipid peroxidation. With garlic oil or onion oil 

supplementation, nicotine treated rats showed increased activities of antioxidant enzymes 

and increased concentrations of glutathione 008>. 

Kamal et al. have examined the antioxidant effects of crude extract as well as purified 

polysaccharide fraction of Asparagus racemosus against membrane damage induced in rat 

mitochondria and liver by free radicals generated during y-irradiation. They found that 

these materials had potent antioxidant properties in vitro CIO~>. 

Selvam et.al. have isolated turmeric antioxidant protein (TAP) from the aquous extract of 

turmeric. The protein showed a qoncentration-dependent inhibitory effect on lipid 

peroxidation. Ca2+ -A TPase of rat brain homogenate was protected to nearly 50% of the 

initial activity from the· lipid peroxidant induced inactivation by this protein. This 

protection of Ca2
+ -A TPase activities was found to be associated with the prevention of loss 

of -SH groups (1101
. Turmeric contains several small molecular weight components with 

antioxidant, medicinal and immunomodulatory activities. Natural curcuminoids, isolated 

from turmeric, were compared for their potential use as anti-promoters ' 11 11• The 

curcuminoids inhibited lipid peroxidation besides the production of superoxides and 

hydroxyl radical. 

The antioxidant activity of tannoid an active principles of Emblica officina/is consisting of 

emblicanin A (37%), emblicanin B (33%), punigluconin (12%) and pedunculagin (14%), 

was investigated on the basis of their effects on rat brain frontal cortical and striatal 

concentrations of the oxidative free radical scavenging enzymes, superoxide dismutase 

(SOD), catalase (CAT) and glutathione peroxidase (GPX), and lipid peroxidation in terms 

ofthiobarbituric acid-reactive products (l12l. 

Extract of Tinospora cordiofolia has been shown to inhibit the lipid peroxidation and 

formation of superoxide, and hydroxyl radicals in vitro. Administration of the extract 

partially reduced the elevated lipid peroxides in serum. Tinospora extract may be useful in 

reducing the chemotoxicity induced by free radical forming chemicals like 
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cyclophosphamides. Several glycosides with potential antioxidant activity were also 

isolated, as poly acetates, from the n-BuOH fraction of the T cordio.folia stems 1113
) 

Antioxidant activity of principles of Withania somnifera, consisting of equimolar 

concentrations of sitoindosides VII-X and withaferin A, was investigated for their ciTccts 

on rat brain frontal cortical and striatal concentrations of superoxide dismutase, catalase 

and glutathione peroxidase 11141• Active glucowithanolides, administered once daily for 21 

days, induced a dose-related increase in SOD, CAT and GPX activity in frontal cortex and 

striatum, which was statistically significant on days 14 and 21 11151
. 

The antioxidant properties of methanol extracts of 12 Indian medicinal plants were 

evaluated by two metho~s, namely the DPPH (1,1-diphenyl-2-picryl hydrazyl) and lipid 

peroxidation assay. In the later assay, seven of these extracts showed 90% or more activity 

compared with the standard, vitamin E and hence were studied in detail after the removal 

of interfering pigments. The selective pigment removal from the extracts led to an increase 

in free radical scavenging activity and a decrease in inhibition of lipid peroxidation 1116
1. 

Gupta et a/. have examined the antioxidant and antitumor role of Bahunia racemosa 

against ehrlich ascites carcinoma in Swiss albino mice. They found !hat the methanol 

extract of the plant exhibited antitumor activity by modulating lipid peroxidation and 

augmenting antioxidant defense system in EAC bearing mice 1117) 

Bafana et.al have studied the antiulcer and antioxidant activity of a herbomineral 

formulation, Pepticare. They concluded that the increase in the levels of superoxide 

dismutase, catalase, reduced glutathione and membrane bound enzymes like Ca2+ A TPase, 

Mi+ ATPase and Na+ K+ ATPase and decrease in lipid perox.idation in both the models 

proved the antioxidant activity of the formulation 1118
1. In another study, the antioxidant and 

antimicrobial activities of Bahunia racemosa was conducted on the basis of DPPH, 

superoxide anion radical and hydroxyl radical scavenging activity. The results obtained in 

the study indicate that Bahunia racemosa can be a potential source of natural antioxidant 

and antimicrobial agents 11191
. 
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2.6. Antimicrobial agents from herbal source 

Antimicrobial drugs are immensely important therapeutics discovered in the last century. 

Their advents have changed the outlook of the physician about the power of the drugs on 

disease management. Many infectious diseases once considered incurable and lethal are 

now amenable to treatment with a few pills. The remarkable powerful and specific activity 

of antimicrobial drugs is due to their selectivity for highly specific targets 1 120
l. 

Antimicrobial agents can be classified on basis of the following two ways: 

A. Chemical structure: 

• Sulfonamides and related drugs 

• Diaminopyrimidine 

• ~- Lactam antibiotics 

• Tetracycline 

• Nitrobenzene derivatives 

• Aminoglycoside 

• Macrolides 

• Polypeptides 

• Nitrofurantoin derivatives 

• Nitroimidazole derivative 

• Quinolones 

• Nicotinic acid derivatives 

• Polyene antibiotics 

• Imidazole derivatives 

• Miscellaneous 

B. Mechanism of action 

• Inhibit cell wall synthesis 

• Cause leakage of cell membrane 

• Inhibit protein synthesis 

• Cause misreading of mRNA code 

• Interfere with DNA function 

: Sulfadiazine, Dapsone. 

:Trimethoprim. 

: Penicillin, Cephalosporin. 

: Doxycycline. 

: Chloramphenicol. 

: Streptomycin, Neomycin. 

: Erythromycin, Roxythromycin. 

: Polymyxin-B, Bacitracin. 

: Nitrofurantoin, Furazolidone. 

: Metronidazole, Tinidazole. 

: Nalidixic acid, Ciprofloxacin. 

: Isoniazid, Pyrazinamide. 

:Nystatin, Amphotericin B. 

: Miconazole, Kitoconazole. 

: Rifampicin, Griseofulvin. 

: Penicillin, Cephalosporin. 

: Polymixin, Colistin. 

: Tetracycline, Chloramphenicol. 

: Streptomycin. 

:Rifampicin, Metronidazole. 

57 



Chapter 2. Review ol" l.iterature 

• Interfere DNA synthesis : Idoxuridine, Acyclovir. 

• Interfere with intermediary metabolism: Para amino salycyclic acid, Ethambutol. 

Agents that inhibit bacterial cell wall synthesis are essentially nontoxic to the animal and 

human host, since cell walls are absent in mammalian tissues. These agents inhibit 

synthesis of certain active enzymes resulting disruption of bacterial walls to cause loss of 

viability and often cell lysis; these include the penicillins and cephalosporins 0 21 l. Drug that 

affect the cell membrane bring about permeability changes in the microbial cells. The other 

antibiotics, which affect the cell membrane, are polymyxin B, colistimethate, Nystatin and 

amphotericin B 022
). These antimicrobials alter the osmotic properties of the cell resulting 

in leakage of important cellular constituents like ammonium ions, potassium ions and 

nucleotides leading to their cell death ' 123
· 

124
l. 

The major inhibitor of protein synthetic machinery are the aminoglycosides to produce two 

types of changes on the bacterial cell, firstly, it binds irreversibly with 30S ribosomal 

subunits and interacts at the recognition region causing an inhibition of amino acyl t-RNA 

to bind with m-RNA and 50S ribose in order to distort the codon-anticodon interaction. 

Secondly, it causes cyclic polysomal blockage 025l. When it interferes with the chain 

elongation steps, the ribosome distortion takes place, which is seen through the steps of 

protein synthesis, producing a bacteriostatic effect. Due to its cyclic formation of inhibition 

complex caused by the 'dropping off of ribosome no protein is synthesized and the cell 

undergoes death t124l. 

The principal inhibitors of nucleic acid synthesis arc rifampcin and nalidixic acid against 

bacteria, and griseofulvin against fungi <126
l. The other antibiotics selectively inhibiting the 

synthesis of nucleic acid include actinomycin, kenamycin, neomycin. novomycin. 

olivomycin against RNA and actidin, bruneomycin, mitomycin, screomycin against 

DNA< 127
l. Drugs that are structurally similar to cellular metabolites and can complete with 

the natural substrate for incorporation in functionally important antimetabolites are sulfa 

drugs, para aminosalicylate, trimethoprim, ethambutol, 5-fluro-cytosine, primethamine and 

the antibiotic antimetabolites are leucine, furanomycin 0 26
• 

128
l. 
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The use of medicinal plants and their extracts for the cure of localized and speci fie human 

and cattle infections is an age-old practice from time immemoriaL As early as 1630, 

Europeans used natural quinine from the bark of cinchona tree to treat malaria; a dreaded 

disease caused by a protozoan parasite Plasodium species 11291 . Numerous studies have 

been performed throughout the globe in search of newer antimicrobial agents and most of 

those studies are directed towards the microbes. A number of studies showed that the 

antimicrobial principles could also available from marine algae and higher plants, 

particularly among angiosperms 11301• The antimicrobial compounds isolated from higher 

plants are different in chemical structures. They may be flavonoids, essential oils, 

alkaloids, anthraquinones, triterpenoids, etc. One approach that has been used for the 

discovery of antimicrobial agents from higher plants is based on the evaluation of the 

medicinal plant extracts. The work carried out on American and Europeans folk medicines 
. . h" (Ill 132) are most Important m t IS' respect · . 

The World Health Organization at its meeting on Herbal Medicine for human Health at 

Kuwait in 1985 specified some plants, as the remedies for varieties of skin diseases. These 

include Aloe vera, Ficus carica, Azadirachata indica, Fumaria officina/is, Lausonria alba, 

Santa/urn a/bam (l33!_ 

The use of plants as source of remedies for the treatment of many diseases dated back to 

prehistory and people of all continents followed this old tradition. Despite the remarkable 

progress in synthetic organic chemistry of the twentieth century, over 25% of prescribed 

medicines in industrialized countries derived directly or indirectly from plants il
341

. 

However, plants used in traditional medicine are still understudied, particularly in clinical 

microbiology (l]S). Therefore, it is a new challenge to search for the in vitro and in vivo 

antimicrobial activity of natural compounds from these ethnomedicinal plants on 

pathogenic bacteria. 

Polyphenols are a group of highly hydroxylated phenolic compounds present in the 

extractive fraction of several plant materials. Polyphenols m plants include 

hydroxycoumarins, hydroxycinnamate derivatives, flavanols, flavonols, flavanones, 
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flavones, anthocyanins, proanthocyanidins (tannins), hydroxystilbenes. aurones, etc. 

Polyphenols are well documented to have microbicidal activities against a huge number of 

pathogenic bacteria. Oxidized polyphenols also have inhibitory activity against bacterial 

growth. The mechanism of polyphenols toxicity. against microbes may he related to 

inhibition of hydrolytic enzymes (proteases and carbohydrolases) or other interactions to 

inactivate microbial adhesions. cell envelope transport proteins, non specific interactions 

with carbohydrates, etc 036l. There are numerous illustrations of plant-derived drugs used 

as antimicrobials. Some selected examples, are presented below. 

The alcoholic extract of dry nuts of Semecarpus anacardium (Bhallatak) showed 

bactericidal activity in vitro agains~ three gram-negative strains (Escherichia coli, 

Salmonella typhi and Proteus vulgaris) and two gram-positive strains (Staphylococcus 

aureus and Corynbacterium diphtheriae). Subsequent studies have shown that the alcoholic 

extracts of different parts of the plant (leaves, !wings, green fruit) also possess antibacterial 

properties, especially the leaf extract. No dermatoxic effect (irritant property) was observed 

in the mouse skin irritant assay 11371
• 

The acetone and alcoholic extracts of the leaves of Cassia a lata showed significant in vitro 

antibacterial activity against Staphylococcus aureus, coagulase positive Staphylococcus 

aureus, Baciilus sublitis, Bacillus cereus, Bacillus stearothermophilus, Escherichia coli, 

Salmonella typhi and Salmonella dysentriae. In addition, the alcoholic extract also 

inhibited growth of Klebsiellae pneumoniae whereas the acetone extract inhibited the 

growth of Vibro cholerae (IJS). 

Kazmi et a/. (I3
9

l described an anthraquinone from Cassia italica, a Pakistani tree, which 

was bacteriostatic for Bacillus anthracis, Corynebacterium pseudodiphthericum, and 

Pseudomonas aeruginosa and bactericidal for Pseudomonas pseudomalliae. Hypericin, an 

anthraquinone from St. John's wort (Hypericum perforatum), has received much attention 

in the popular press lately as an antidepressant, and Duke, P. reported the general 

antimicrobial properties of the plant 11401
• 
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Scalbert <141> reviewed the antimicrobial properties of tannins in !991. He listed 33 studies, 

which had documented the inhibitory activities of tannins. According to these studies, 

tannins can be toxic to filamentous fungi, yeasts, and bacteria. Condensed tannins have 

been found to bind cell walls of rumina! bacteria, preventing growth and protease activity 

<
142>. Terpenenes or terpenoids are active against bacteria, fungi, viruses and protozoa 1143

· 

144>. The mechanism of action of terpenes is not fully understood but is speculated to 

involve membrane disruption by the lipophilic compounds. Mendoza et. a/ 1145> found that 

increasing the hydrophilicity of kaurene diterpenoids by addition of a methyl group 

drastically reduced their antimicrobial activity. Food scientists have found the terpenoids 

present in essential oils of plants to be useful in the control of Listeria monocytogenes 1146
). 

Due to lack of ideal diffusion and evaporation from the surface it is generally difficult to 

assess the antibacterial properties of aromatic oils derived from plants using the agar cup 

methods. Hence, Agnihotri and Vaidya have developed a novel approach to study the 

antibacterial property of certains plants like Eugenia caryophyllus, Thymus vulgaris, 

cinnamonum zeylanium and Cuminum ciminium. Volatile components of the hexane 

extracts of these plants were tested against gram-positive and gram-negative bacteria 

grown on agar slants and the results were expressed as percentage inhibition of the area of 

the slants 047>.Shirataki el. a/. studied the medicinal significance of prenylOavanoncs 

obtained from Sophora tomentosa L. and Sophora moorcrofiiana Benth. Ex Baker 

(Leguminosae) <
148>. Further, two flavanones (YSOI, YS02) and eight prenylflavanones 

(YS03-YS10) were investigated for both in vitro and in vivo antibacterial activity. The in 

vitro activity was shown by spot inoculation method and in vivo activity was carried out by 

determining the protection offered by Swiss albino mice against the virulent strain of 

Salmonella typhimurium NCTC 74 <149>. Owasis et al. evaluated the antibacterial activity of 

Withania somnifera against experimental salmonellosis in Balb/C mice and determined the 

bacterial load in various vital organs of the treated mice 050>. Considering the relevant 

literatures or depending upon the information collected from the reliable actual users of the 

flora in their clinical practice, the screening of herbal species for chemotherapy was felt out 

most essential. 
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