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ABSTRACT

Plantago belongs to the Plantaginaceae family, with two species known as Plantago ovate Forsk and Plantago
psyllium L. In herbal medicine Plantago husk powder is commonly as laxative. Application of Psyllium husk as a
hydrocolloid fiber has been almost confirmed in treatment of diabetes type 2. Recent researches on Plantago
indicate the effect of its fibers on reducing cholesterol, blood lipid and blood glucose of people with diabetes and
reducing the risk of colon cancer. There are no side effects reported for patients under treatment with Plantago
fiber. Regarding the fact that Psylliumis widely used, different aspects of it is discussed in the present study.
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INTRODUCTION

Plants have been the basis for prevention andhierdtof a wide variety of disorders through humastolny [1-4].
Hence, there are valuable sources of knowledgetdahese plants and their uses [5-12]. Traditionatlitine is still
widely practiced today and scientifically examirjgéd-28]. Modern medicine has recognized herbalisra form of
alternative or complementary medicine. Althoughbladism is not strictly based on evidence gathersidguthe
scientific methods, however, most of scientific esments have confirmed the traditional knowledg8-38].
Therefore, traditional and scientific knowledge hogh important for preparation of new drugs. Madaredicine
makes use of plant-derived compounds mostly basexidlence-tested knowledge [39-46].

Plantago psyllium and Plantago ovata are two ofrtiest important of these plants with a wide varietyuses.
Nowadays, Plantago has been highly and widely uséadustry and medicine field in some countriesusd the
world. Recently, Plantago psyllium plantation haet listed among the first fifteen medicinal plawmtsich are
given a high economical priority [47]. In chine ypsim has been used for its benefits in treatnm@nirea, cough,
diabetes, high blood pressure, hot flushes, caatstip, edema and dysuria. It also has been usedatment of eye
problems and diseases such as dry eye, catara&ctedgess, inflammation, light sensitivity and lufigease (by
producing mucus and sneezing). The whole herbrigfial for heart muscle and poisoning and itlgdocally

useful for burnss and abscesses treatment. Indbteih India, Psyllium seeds are used to treatndgse urinary
problems, gonorrhea, fever, and gastrointestindfumetion. Additionally, it founds to be helpful itmeating cold,
cough and other breathing difficulties, particufafidr young children. Furthermore, powdered seenhiied with

water to treat rheumatism, gout and skin irritafid®].

In Iran, psyllium seeds have been applied to ttesentery and biliary tract disorders. A poulticdecoushed
psyllium seeds is very beneficial for all kindsimflammations because mucilage produced when psylis soaked
in water which then has softening effect. An infusof the psyllium seeds is used for the treatroéntethritis and
related disorders in affected individuals. Moreg¥ke seedhusks are highly prized as a herbalilex@9].
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Phytology

The genus Plantago belongs to the family Plantagaa and comprises about 250 species. Psylliumltisated
primarily in India and Pakistan, but it has alsemelanted all around the world. Two important sgeare
Plantago Psyllium L. anBlantago ovate Forsk called 'Esfarze' in Persian. It has been widehdusandustry and
medicine [51].

Plantago ovate For sk.

Plantago ovata is an annual hairy herb with shiems(5-8 cm tall), almost curved erect. The linaaceolate
leaves grow opposite. Psyllium has brownish gréewdrs gathered in hemispherical, cylindrical owhisters. It
has ovate-spherical,glandular hairy spikes. Braotsovate-lanceolate tolanceolate, acute or acteniwdh wide
scarious margin below. Sepals are hairy and glandafeequal, oblanceolate. Seeds are narrowigllijgddish-
brown. Flowering occurs between March to Juneram,|this herb can be found in the northern (GhazMianijil,
Roudbar and Firouzkooh), western (Hamedan and Mghsmuthern (Bandar Abbas, Meime, between Boushehr
and Shiraz, and also Kerman) and eastern (Sar&fadrasan) parts. This genus is commonly known amdl
Psyllium, Spogel, Ispaghula and Indian Plantagg.[52

Plantago Psyllium L.

Plantago psylliumis an annual and hairy herb groesveen 15 to 40 cm. The arisen stem is erect Wiflem
internodes by that are covered very short woolyshaieaves grow opposite which occur linear-lana&glentire or
with a few teeth, not hairy oreglandular-hairy. ligsn flowers are very tiny and white-greenish wlar; they have
1-1.2 cm cylindrical spikes which give them a pé&ukhape. Peduncle is a bit larger than leavels 244 cm
length. The calyx with a short narrow beakis thas f4.5-5 mm length. Corolla has narrow ovate andetabes.
Seeds are narrow-elliptic, reddish-brown, shinirigwering happens between April to June. In Ir&is herb has
been distributed in the northern and north-eas{®oudbar, Manijil, Dashte Gorgan and Khorasan), evast
(Kordestan, llam and Mehran), central (Isfahanltisern (Khuzestan, Shoush, Fars, Boushehr, Bamddan
Abbas) parts [53].

Ecology

Species of Plantago known as psyllium are nativéhéoEastern Mediterranean region responding wetiabol,
moderate weather. So in warm climate regions lildid and Australia seed ling emerging is delayddthe cooler
months of the year, namely Octobor, November, Mamth April. It grows best on light, well drainednsly loam
soil with a pH between 7 and 8. It also demand#$ lmounts of potassium and low levels of nitrogéeavy-
textured soils with poor drainage and salt-affecteits are not suitable for psyllium cultivatiord]5

The nutrient requirements of the crop are low ag@8a nitrogen and 25 kg/ha potassium can meet piemands
in the last tillage. Generally, 30 day safter plamtwhen top dressing, 25 kg nitrogen fertilizars applied over the
soil and Psyllium surface. Increased amount ofbggn fertilizer application will lead to improvedflammation
factor. During almost all its life cycle, Psylliumeeds dry and cool climate. Climate condition caenegreatly
affect the seed yield at the latest stage of ptaowth and moderate rainfall can be harmful. Durjlgnt
development stage, low night temperature can iser@ant germination and also seed yield wheregtgyhnight
temperature can cause to decreased plant develvpmeithe number of flowers [55].

A very important environmental requirement of tliop is clear, sunny and dry weather preceding dsrv
Plantago which has a moderate water requiremegtvisn 5 to 6 light irrigations. Its root system haswell-
developed tap root. This herb is relatively resista drought and salinity [56].

Cultivation

P. psyllium and P. ovate. are annual growing htrlsthe general manner of propagation of thesgpla from the
seeds. However, an efficient method for in vitraccmipropagation (culture) of P. psyllium has beeported by
some researchers. P. psyllium seeds lose theinpptasily, so that fresh ones should be cultivigégl

Since Plantago seeds are tiny and light, the seecually mixed with sufficient quantity of finerghor sieved
farmyard manurebefore sowing.Therefore, theseeds properly broadcasted and the seed vyield is
likelyincreased.After spreading, seeds are sweffliysasith a broom to cover them with some soil. Hower, broom
should be swept solely in one direction, to previep burial of the seed.Maximum germination oceties seeding
depth of 0.5 cm.Depending on the plantation (froaditional to mechanized agricultural system), seacde
broadcast at 4 to 10 kg/hectare [57].

The crop should be harvestedl to2 times duringl#uet growth. P.ovata has a short life span (902 days)which
this period dependsmainly on the climatic condifidve crop becomes ready for harvest when thespikec®
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changed.For mature crop, seeds will release by fingers easily.The average seed vyield of P. ois&bout 1
tonne/hectare (1000 Ib/acre) [57].

Phytochemistry

Plantain constituents include acids (eg, benzadédfeir, chlorogenic, cinnamic, p-coumaric, fumargalicylic,

ursolic, vanillic, ascorbic), alkaloids (boschnia&) and amino acids (eg, alanine, asparaginedimistilysine). 4 An
analysis of some P. psyllium seeds has identifiadréety of sugar and polysaccharide componentthefseed
mucilage including galactose, glucose, xylose, iagge, and rhamnose. Additionally, galacturonicapianteose,
plant iobiose, sucrose, fructose have been foun®.imvate seed. The mucilage of the psyllium sekd&sk
constitutes 20% to 30%. Seed mucilage of P. owatidentified to have better suspending and efyirgi power

as compared with tragacanth and methylcellulosdliif® seed powder, not husk powder, contains ghslamount
of the oil enriched of free fatty acids, sterolgl drydrocarbons in non-edible oil seed. Oil freetiparcontains a
high amount of protein with lots of albumin andihe and average methionine levels.Leaf mucilage bdeen
reported to include polysaccharides containing @s®, L-arabinose, mannose, galactose and deff®se

Industrial application of mucilage
Mucilage has been widely used in industry and plaotogy due to its valuable characteristics suchtalsilizing
suspending and emulsifying power.

In pharmaceutical formulations, it has been usethéle emulsions and suspensions, produce insopdvielers,
oils and resins as an emulsifying agent, and domstigranules, trocheand laxatives as an adhebigeever,
mucilage is mainly used as a necessary componeriharmaceutical preparations for its propertiesisTh
hydrophilic polymer shows a wide range of applimasi such as binding, emulsifying, gelling, suspegdand
stabilizing agents [54].

Mucilages have been recognized as the best phautizale polysaccharide hydrocolloids, since they éhav
compatibility with other plant derived hydrocollsichs well as starch, sugar and protein. Mucilagesd to be
resistant to low pH as compared with most of thiygaxcharide hydrocolloids, so that they are ugeatiic pH.
Some of the polysaccharide hydrocolloids have besed to prepare low-calorie foods. These compouwnds
applied for providing gels, flavors and drinks. Vhean delay bread deterioration when used withaggenan and
alginate. Mucilage is also used to thicken andiktaldessert [54].

They are widely applied in cosmetics (for providingir and skin care products), textiles, paper-mgkprinting
inks, waxes and army industries (water proofing@sipes).

Petroleum industry is one of the major consumersotilage. This compound is used as a lubricaneddd the
soil and water surrounding the digging rigs. Alemne of these substances are added to the watereputapghe
earth to inhibit the pressure of oil and gas arablet and slow down water movement. Pure water cackly
penetrates the rocks on the ground and prevent fiadeling [55].

Phar macology
Various therapeutic effects reported for Plantagoas following:

Gastrointestinal effects

Natural or synthesized dietary fibers have givea &f attentions as a supplement to avoid intelstiis®ases where
P. ovata seed and husk are widely used for thiggsar: The fiber therapy with this plant fiber entemstool transit
in the intestine. It, however do not alter colommensit or anorectal function. Usually treatmentiqu with P. ovata
should be more than one week. Plantago seed dgélagsof emptying the stomach and decreases thengolo
transfer. P. ovata seeds increase weight of thesfemd decreases time of intestinal transfer inhibaithy
individuals and also decreases contain of fecaémiatpatients [59].

It increases the small intestine length and cofoucous thickness of the end part of narrow inteséind height of
piles, the excretion of 2, 6-iaminopimelic acidacés and its concentration that indicates bacteréas, excreted
bile acids and the capacity to maintain fecal wateseed layer diet, decreases the excreted proteioentration,
the activity of mucous enzymes in duodenum. Prieeictivity of polyhydrozidic combinations extradtfrom has
been also reported [57, 60].

Hypolipidemic amd antidiabetic effects

Antioxidants are usually effective in reductionlipfd [61-67] and glucose [68-71]. Using diet cantag high fiber,
especially solvable fibers in order to control sercholesterol in individuals having diabetes ioalsual [72-75].
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About some fibers like water aqueous fiber solutgomd gel fiber like Tragacanth it has been deteedhithat as
sugar solution or in combination with food stufadis to decrease in the glucose but effects of ataosertainly
have not been specified [76]. P. psyllium seed alds to decrease LDL and increase HDL-C. Eatingtpzo seed
decreases concentration of total cholesterol antd-CDAIso concentration of glucose through the dang after
launch in the plantago group was reported [77]ngglantago seed decreased absorption of glucbde no
significant decrease was seen in amount of insUHBAIC, C-peptide, 24-hour urinary glucose and also
Fructosamine decreased when using fiber diet thattdsamine decrease was just significant. Plantmyses
significant decrease statistically in the total lelsterol and ureic acid. Seed layer decreasesothk dholesterol,
LDL-C, triglyceride and LDL-C/HDL-C and increase®H-C [78].

Glycemic index is useful to control diabetes [79].8Study of plantago effect was conducted on 14ulin-
independent diabetic patients. Plantago was eatgratients two times a day. Glucose decreased thtelbreakfast
and dinner 14 and 20 percent respectively. Alsaeptration of serum insulin after the breakfast #2% less than
control. To observe the second food effect, plamtagplacebo was not eaten after the launch howglueose was
decreased 31% after launch. The total cholestaroledises after treatment with seed (81). The anufubdiary
acids in feces of the healthy persons did not chamlgile it increased about 25% after using seedchatesterol
mount did not change. This result can indicate ptantago seed may has more effect than seed taydcrease
serum cholesterol, but biliary acids in intestirzes lbeen compensated through increase in reabsoipttbhe colon
[81].

Fibers of plantago seed leads to significant deeré@the breakfast glucose of the diabetic ralso Kcrease in the
insulin level in rats after eating plantago canidate harmful effect of these fibers for diabetieople. No
significant change is also seen in stomach emptyiagadding 30g of unsaturated fats and 3g ofiprgte sodium
decreases concentrations of insulin, glucose amdasth emptying [82]. An experiment was conductegigs. The
control group received 10g/100g cellulose and 2/80g of guar gum and two experiment groups ate1D0gf or
7/59100g of plantago seed layer that with cellultee= amount of the used fiber in both groups wasesed to
12/5g100g. In the study, no dosage-response relat@s observed but triglyceride plasma and LDLACHe
plantago group ws respectively 34% and 23% lowenthhe control group. Lecithin cholesterol acetyl
transferase(LCAT) and protein carrying cholestevat affected by plantago diet. In the control groactivity of
LCAT and CETP respectively was 100% and 36% higinen plantago group. The total and free cholestrtver
was not affected by the plantago but concentradfocholstrol in the plantago group was 50% less tiee control
group. Activity of the HMGCoA enzyme reductase timtenzyme limiting the cholesterol synthesis spead
increased in the plantago group up to 37%. Alsaviagtof the 7-alpha hydroxylase enzyme that retpda
catabolism of the cholesterol to biliary acids washe plantago group 32%higher than the controlig. Results
show that layer of the seed impose its hypolipidesfifect through affecting absorption of biliaryide and
changing liver metabolism of the liver [83].

Effect on colon cancer

Study conducted on 424 persons showed that usioga®a seed with aspirin and also exercising hgsmnale in

decreasing risk of developing colon cancer. It alss shown that edible using of P. ovata seed a¢gpliflora of
colon to increase butyrate about 40% in the patievith colon cancer. Butyrate has anticancer effdttshould be
noted that continuation of effects depends to tneat following [84].

Effect on immunity responses

An experiment was conducted on rabbits in ordestudy effect of p. ovata seed on the immunity resps. Edible
using of seed led to significant decrease in adijhia the primary response. Intraperitoneal inf@ctin rat before
immunization of red globules of the sheep with SR&@sed significant decrease in hemaglotinatinidpadies. In
both groups, significant increase was seen in WBE laucocytes of the spleen. So seed of P. oatarthibit
humoral immunity responses especially in the primmasponses [85].

Other effects

There is report based on using leaves of p. owataeat toxicity. Also it is used to treat itchirand skin
inflammations and is used as poultice to treatrulfever blister and impostum. Traditionally, itrche useful to
treat bitten and gout. Also extract of leaves stibweprovement in rabbits. The aqueous extract avds has
antimicrobial activity due to having eglicon andhebizhein. Aerial parts of this plant are usedaasanti-
inflammation and diuretic material. Extract of plalecreases blood pressure in dogs. Also alcokatiact of p.
ovata seeds decreases blood pressure in dogs tarehdshas cholinergic activity [57].
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Toxicity

Medicinal plants may have dual actions. While tieght be toxic they also might be antioxidant doehaving
flavonoids and antioxidants [86-95] P. ovata seeatains about 16 antigens that 6 of them are atethat react
with concanavalin A, well combined with IgE. Allrde parts of layer, endosperm and embryo contamiasi
antigens. There are many reports that show diffe¥egrees of P. ovata anti-allergy effects. Anagkigl reactions
like congestion, sneeze and tear. Powder of Pametd on the skin may lead to feeling specially agtibodies
which is positive response to P. ovata seed . Skasle pigment that can be harmful for kidneys Hthis t
combination is removed in the stages of preparegps to be used. In several experiments by layérsaad of
p.ovata no important side effect like change inwgght, effect on concentration of vitamins A,Egiasma salts
or decrease in the food was seen. Since simultanesing of drugs and seed of P. ovata can creatddem in
absorbing drug, it is recommended to eat seedisfplant 30 minutes or one hour after using thegdP.ovata
seeds that are used mainly as laxative can caadtatblence. Large amount of water should be weld P. ovata
to maintain water of faeces . In order to decresswsitivities resulted from powder of p.ovata séesdaspiration
should be avoided. To decrease production of dugia air, powder of p.ovata is transferred toasgldirectly in
each consumption time and immediately water shdukdded. It has been emphasized that if consumption
p.ovata products lead to diarrhea more than 3day4, physician should be consulted [48].

M edicinal interactions

Insulin-dependent diabetic patients should decreesgin dosage when using P. ovata seed. Medititeraction
has been reported between P. ovata seed withriithiod carbamazepine .So seed inhibits lithium giisar in the
Gl tract and decreases level of blood lithium thé was seen in a 47 years old woman. Also efféét. ovata seed
in decreasing carbamazpin bioavailability was seef0 men [48].

Usein Breastfeeding, pregnancy and Children

No side effect resulting from using p.ovata seedager of its seed was seen- if it's used normaliy- the

breastfeeding and pregnancy periods . A researchiima inhibits using seed in the pregnancy duepacement in
the embryo position. Proposed dosage for childrdr? §ears old is half dosage than dosage used bly. &br

children younger than 6 years old, physician shbeld¢donsulted [48].

CONCLUSION

With regard to P. ovata plant consumption historhhbman, it has been determined that it is safeitargide effects
are recognized. Now, new industrial and pharmacalutonsumptions are found for plant. Layer of seasl unique
effect due to mucilage that is fiber hydrocloid asolvable has unique effects that are differentfrother
insolvable fibers. Results indicate cholesteroldang effects and glucose by this plant in patiemvits cholesterol
and diabetes and is effective in treatment of alitee colitis same as Mesalamine. Also complemgm@search in
the future will find new consumptions for P. ovataluding its consumption to avoid colon cancett tisaof most
prevalent cancers in the country. This plant isaphand available and so can be a good alternatitreatment of
chronic and expensive diseases like diabetes asldsthrol.

The mechanism actions of Plantago are not cleacoiitains flavonoid components and antioxidantvéids.

Oxidative stress is involved in various diseas&s]03]. Hence, antioxidant properties are very irtgd in various
diseases [104-120]. Other than antioxidant actiuitye other important factor in the physiology penfance of
plantago order to regulate intestinal actions ssjélly-like property due to polysaccharides witigth molecular
weight. When seed is entered to Gl tract due tsguree of liquid inside the intestine or since thaidl is inflated.
This inflation leads to occurrence of feeling ofiffilstomach that finally increases volume of stomaad its water
is maintained and leads to intestine emptying [48]ility of plantago to decrease stomach emptyisgasulted
from its ability to increase viscosity of food. Waals with high viscosity lead to surface contiats of the
stomach. Also seed my cause change in pharmaakeffect of carbohydrates like lactose, fructas®d sorbitol
consumed to treat IBS [48].
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