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1. INTRODUCTION 

 

 

                 “The One is He, the Two His sweet Grace, 

        In Three He stood, in all the Four witnessed, 

                   The Five He conquered, the Six He filled, 

                   The Seven Worlds pervades, manifests the Eight And so remains”. 

                                                                                        - Thirumanthiram [1] 

          The basic purpose of any science is to bring solutions to human problems. All 

sciences since even the most ancient times, as a tradition, have been devoted to freeing 

the human race from obstacles. Obstacles such as disease; the discomfort of 

inhospitable environments; drastic weather conditions. [2] Human race in different 

regions of the world has its unique system of medicine for maintaining health or 

treatment of diseases. Researchers have documented as many as five thousand ‘Folklore 

medical practices’ prevailing in different parts of the world. [3] India has a rich source 

of traditional medical systems and some of them date back to 5000 years BC. [4] 

Siddha medicine, thetraditional system of medicine that originated in South 

India and is considered to be one of India’s oldest systems of medicine. [5] The Siddha 

system is attributed to have originated from the Lord Siva who explained it to his 

consort Shakthi. The lineage is Nandi, Dhanwanthri, Aswini, Agasthiar, Pulathiyar and 

Theraiyar.[3] As per the Siddha system of medicine, When the normal equilibrium of 

three humors (vatha, pitha and kapha) is disturbed, the disease is caused. The factors, 

which affect this equilibrium are environment, climatic conditions, diet, physical 

activities, and stress. Siddha system is largely therapeutic in nature.  

The drugs used by the Siddhars could be classified into three 

groups: thavaram (herbalproduct), thathu (inorganicsubstances)and sangamam (anim

al products). The thathu drugs are further classified as uppu (water soluble inorganic 

substances or drugs that give out vapour when putting into fire), pashanam (drugs not 

dissolved in water but emit vapour when fired), uparasam (similar to pashanam but 

differ in action), logam (not dissolved in water but melt when fired), rasam (drugs 

which are soft). The treatment should be commenced as early as possible after assessing  

https://www.britannica.com/science/medicine
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the course and cause of the disease. Treatment is classified into three 

categories: devamaruthuvam (Divinemethod); manudamaruthuvam (rational method); 

and asura maruthuvam (surgical method). Accordingly, it is advised to administer first 

pure herbs in the form of liquid, powder, pill or paste. Then if the ailment is chronic or 

nonresponsive to herbal medicines the usage of a mixture of herbs, metals, minerals 

and animal products in addition to herbs is advocated. Likewise, in deva maruthuvam 

medicines such as parpam, chendooram, guru, kuligai madeof mercury, sulphur 

and pashanams are used. [6] In Siddha medicine, the use of metals and minerals are more 

predominant in comparison to other Indian traditional medicine systems. [7] 

Siddhars were poly-pharmacists and their knowledge in the field of Iatro-

chemistry is equal to alchemy and medicine. They have described many meticulous 

processes including calcination, sublimation, distillation, fusion, amalgamation, 

solidification, fixation i.e. bringing to a state of noncombustible form of an inorganic 

substance, extraction and so on. These methods are not only useful to prepare medicine 

but also helpful in alchemical processes (transmutation of basic metals into gold). [8] 

There are 32 types of internal and 32 types of external medicine in Siddha 

system of medicine. Internal medicine comprises Surasam (boiled juice), Chaaru 

(juice), kudineer (decoction), karkam (herbal paste), utkali (pan cake), adai (toast), 

chooranam (powder), pittu (baked powder), vadagam (tablet), vennai (medicated 

butter), manappagu (syrup), nei (medicated ghee), rasayanam (medicated 

confectionary), ilagam (electuary), ennai (medicated oils), maathirai (pills), kadugu 

(deep fried granules), pakkuvam (preparation method), thenooral (preserve), theeneer 

(distillate), mezhugu (waxy pastes), kuzhambu (viscous liquids), pathangam 

(sublimates), chenduram (red inorganics), parpam (ash/calx), kattu (bonded 

inorganics), urukku, kalanghu, chunnam, karpam, chathu, gurukuligai. 

Chenduram is one of the 32 types of internal medicine. It is described as metallic 

substances or salts which is made into red-coloured powders, by the process of either 

burning them or drying them or exposing them to the sunlight or keeping them in 

specialized tubes by adding decoctions, ceyaneer, dravagam etc. The life period of 

chenduram is 75 years. [9] The method of preparation of parpam and chenduram shows 

the mastery of Siddhars in inorganic chemistry and processing herbo - mineral drugs. 
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The herbo - mineral drugs are made into very fine particles. Finer the particle better is 

the bioavailability and effect, the minute dose is adequate for treatment. [3] 

Annapavala chenduram (APC) is the Siddha internal medicine, comes under the 

type of chenduram. It is made by the combination of annabedhi and kodipavalam. As 

per the reference of Siddha pharmacopoeia, Annapavala chenduram has the indication 

for kaasam, shayam, swasam, rathaushnam, pithaushnam, mega ushnam. [10] Clinically 

this medicine is used for thyroid dysfunction by many practitioners. Among, adult 

people in India, the prevalence of hypothyroidism has been recently studied. In this 

population-based study done in Cochin on 971 adult subjects, the prevalence of 

hypothyroidism was 3.9%. The prevalence of subclinical hypothyroidism was also high 

in this study, the value is 9.4%. In women, the prevalence was higher, at 11.4%, when 

compared with men, in whom the prevalence was 6.2% [11]. 

Many people have done research on annabedhi and kodipavalam based Siddha 

medicines. Hypolipidemic activity of Annapavala chenduram has proven by some 

research. But till date, there is no data available about the safety evaluation of 

Annapavala chenduram. Nowadays most of the people rely on Siddha medicine and 

seek medical care in Siddha. However, there are fears about the toxicity of siddha 

medicines among the people due to the metals in Siddha medicines. So, it is necessary 

to ensure its safety through animal studies. Hence, the author has chosen the 

Annapavala chenduram for evaluate safety of this particular drug.  
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2. AIM & OBJECTIVES 

 

2.1. PRIMARY OBJECTIVE: 

                 To Evaluate safety of the drug by conducting acute and long-term toxicity 

studies in Wister albino rats as per WHO guidelines 

2.2. SECONDARY OBJECTIVES: 

2.2.1. Standardization of the study drug: 

a. To explain the identification and authentication of the ingredients 

b. To demonstrate the preparation of the drug. 

c. To analyse the Physicochemical properties of the drug as per the 

specified protocol given by Pharmacopeial Laboratory for Indian 

Medicines (PLIM) guideline. 

d. To evaluate the particle size analysis by SEM methods. 

e. To analyse the chemical nature of the drug by FTIR and XRD. 
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3. REVIEW OF LITERATURE 

 

                      In the present work literature review was carried out by using various 

resources like Siddha literatures, modern literatures, internet resources like PubMed, 

Science direct, google scholar and Scopus journals etc. The review was documented in 

the following aspects. 

 

Fig: 1 Schematic representation of review of literature 
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3.1 md;dNgjp 

3.1.1 IN SIDDHA ASPECT: 

 

 

 

 

 

 

 

 

 

❖ md;dNgjp vd;gJ 120 cgurq;fspy; xd;W MFk;. fl;bfshfTk;> gr;ir 

epwkhfTk; ,Uf;Fk;.[12] 

md;dNgjp Njhw;wk;: [13] 

Ntijahd md;dnkd;w Ngjp jhDk; 

    tpsq;fpaNjhu; cw;gj;jp nrhy;yf; NfS 

khijahd kiyapDl UJT nghq;fp 

    khrw;w fpuzj;jhy; nghq;fp ePWk; 

ghijahd kiyr;rTL vd;W NgU 

    ghq;fhd %d;Wtpj tz;zkhFk; 

fhijahd fhrPr nkd;W NgU 

    fUg;GkQ;rs; nts;isepw khFq; fhNz. 

- Nghfu; 7000. 

❖ ,J md;dNgjp vd;w fhrPrk; kiyapy; cw;gj;jpahfpd;wJ.  
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❖ nraw;ifahf ,Uk;Gf; fk;gpAld; fe;jfj; jpuhtfk; Nru;j;J 

nra;ag;gLfpwJ.  

❖ ,J ePupy; fiuAk;;> rhuhaj;jpy; fiuahJ. 

❖ ,jd; Nky; fhw;Wg; gl;lhy; ntz;ikahd J}shfp tpLk;. 

NtW ngau;fs;: [14] 

      fy;ehjk;> md;dfhyd;> fy;rtL ehjk;> fspk;G> fy;YNtfk;> kiytPupak;> 

jpuhtfj;Jf; fLq;fhuNgjp> kiyUJ. 

Rit: Jtu;g;G   

tPupak;;: ntg;gk; 

tiffs;:  

❖ fUg;G 

❖ nts;is 

❖ kQ;rs;  

nra;if:  

❖ cly; cuKz;lhf;fp 

❖ Jtu;g;gp 

❖ UJ cz;lhf;fp 

❖ ehw;wkfw;wp 

❖ GOf;nfhy;yp 

❖ Kiw ntg;gfw;wp 

ntspg;gpuNahfkhf gad;gLj;jpdhy;> 

❖ Jtu;g;gp 

❖ ntg;gKz;lhf;fp  

msT: xd;W (65 kp. fpuhk;) Kjy; %d;W muprp (195 kp. fpuhk; vil).[12] 
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nghJf;Fzk;: 

“KistpuzQ; #iyke;j Kl;lhikf; fl;b 

                 tpisawd;k NfhjuNeha; tPl;Lk; - tiskiyNghy; 

 fhl;Lkd;de; jd;idf; fzj;jpw; rykhf;fpf; 

 fhl;Lkd;d NgjpaJ fhz;”;. 

- gjhh;j;j Fzrpe;jhkzp. [15] 

jPUk; Neha;fs;: 

❖ Kisf;fl;b  

❖ #iy  

❖ m[{uzk; 

❖ gha;fpd;w Mikf;fl;b  

❖ tPwpa rNyhjuk;. 

cl;gpuNahfk;:  

❖ ghz;L 

❖ #jfg;ghz;L 

❖ #jff;fl;L 

❖ fUg;gg; gpuNkfk; 

❖ fha;r;ry; fl;b 

❖ Kiwr;Ruk; 

❖ vOQhapW 

❖ ehl;gl;l ff;fpUky; 

❖ jl;ilf;fpUkp Nuhfk;  

ntspg;gpuNahfk;:  

❖ mf;fp 

❖ Nkftpuzk; 
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❖ rP%yk; 

❖ Mrdtha; ntspg;gly; 

❖ fUg;gtpuzk; Kjypa Neha;fSf;F NkYf;F cgNahfpf;fyhk;. 

Rj;jp Kiwfs;: 

❖ Njitahd md;dNgjpia ePupy; fiuj;J rpwpjsT fe;jfj; jpuhtfk; tpl;L 

tbfl;b cg;G ciwAk; gf;Ftj;jpy; fha;r;rpf; nfhs;s Rj;jp MFk;. 

❖ md;dNgjpia ePupy; fiuj;J fe;jfg; Gspg;G rpwpjsT tpl;L tbfl;bf; 

fha;r;rp Fok;G gjj;jpy; ,wf;fp cyu tpl;L vLf;f Rj;jp MFk;. [12] 

❖ gor;rhw;wpy; %d;W ehl;fs; Cw itj;J cyu;j;jpf; nfhs;sTk;. [16]   

❖ GJ Xl;bypl;L rptf;f tWj;njLf;f Rj;jp MFk;. [17] 

md;dNgjpia cl;nfhs;Sk; NghJ ftdpf;f Ntz;LtJ: [12] 

❖ md;dNgjpia mUe;jp tUq;fhyj;J kyk; fWj;Jf; nfl;l 

ehw;wj;NjhbUf;Fk;. 

❖ md;dNgjpiar; rhg;gpLk; nghOJ tplhKaw;rpaha; thuj;jpw;nfhU Kiw 

tpl;L tpl;Lr; rhg;gpl Ntz;Lk;. 

❖ md;dNgjpia mUe;jpf; nfhz;L tUk; NghJ 10 ehisf;F xUKiw 

Ngjpf;Ff; nfhLj;jy; ey;y FzKz;lhFk;.  

❖ md;dNgjpiar; rhg;gpLk; NghJ Gspg;igAk;> Gspg;G cs;s goq;fisAk; 

ePf;fp maj;jpw;F $wpa gj;jpak; fhj;jy; Ntz;Lk;.   

❖ Foe;ijfSf;Ff; nfhLf;f Ntz;ba mtrpakpUe;jhy; Fiwe;j mstpy; 

nfhLf;fTk;. 

❖ md;dNgjpia cztpw;Fg; gpwNf mUe;j Ntz;Lk;. 

tof;FKiwfs;: [12] 

❖ md;dNgjpiaf; fy;tj;jpypl;L Ntz;ba msT ePu; tpl;Lf; Fok;Gg; gjj;jpy; 

miuj;J Mrdk; ntspj;js;sy;> fUg;gtpuzk;> ngz;fspd; 
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cWg;Gj;js;sy; Kjypatw;wpw;F NkYf;Fg; Nghlr; RUf;fkile;J 

cs;Sf;F ,Oj;Jf; nfhs;Sk;. 

❖ %yNuhfj;jpy; fhZk; ,uj;j xOf;fpw;F md;dNgjpj; J}s; 1 tuhfndil 

(4.2 fpuhk;) Rkhu; 2 Nru; (280 kp.yp) ePupy; fiuj;J xt;nthU ehSk; t];jp 

nra;J te;jhy; ,uj;jk; epw;Fk;. ,e;j ePiu mf;fp> Nkftpuzk;> 

fUg;gg;Gw;W> rP%yk;> KjypaitfSf;;F NkYf;F cgNahfpf;fyhk;.  

❖ md;dNgjp 2 cSe;njilia (130 kp. fp) Xu; mTd;]; (28 kp. yp) 

epyNtk;Gf; FbePupy; my;yJ Xkj;jPePupy; fye;J ehs; xd;Wf;F %d;W 

Ntis tPjk; gyf;FiwT> ghz;L Kjypa Neha;fSf;Ff; nfhLg;gJz;L. 

❖ fupaNghsj;J}s; 12 cSe;njil (780 kp. fp) md;dNgjpj;J}s; 30 

cSe;njil (2 fpuhk;) Nru;j;Jg; NghJkhd msT Njd; $l;b miuj;J 

24 khj;jpiufs; nra;J Ntisf;F 2 khj;jpiufs; tPjk; Kk;Kiw nfhLj;J 

tu ghz;LTld; $ba nts;is> #jff;fl;L> #jf xOf;F ,itfs; 

ePf;Fk;. 

❖ md;dNgjp 12 cSe;njilia (780 kp. fp) kpsFj;J}s; 15 cSe;njil 

(975 kp. fpuhk;) Nru;j;Jg; NghJkhd msT Njd; $l;b miuj;J 12 

khj;jpiufs; nra;J nfhz;L jpdk; Ntisf;F ,uz;L khj;jpiu tPjk;> 

epyNtk;Gf; FbePH my;yJ rPe;jpy; FbePhpy; ,UNtis nfhLj;J tu 

Kiwr;Ruk; tpyFk;. 

❖ md;dNgjp 1 cSe;njilia (65 kp. fp) ,uz;L Nrh; (560 kp. yp) ePhpy; 

fye;J ,ju kUe;Jfs; rhg;gpl;Lf; nfhz;L tUk; nghOJk;> jhfk; 

cz;lhFk; nghOJk; mUe;jp te;jhy; kNfhjuk;> Nrhif> gyf;FiwT 

jPUk;. 

NrUk; gpwkUe;Jfs;: 

❖ ma gw;gk;: [18] 

msT: xd;W Kjy; %d;W Fd;wpasT. 

jPUk; Neha;fs;: ghz;L. kNfhjuk;> Fd;kk;> Nrhif> rak;. 
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❖ tUz Nyhf nre;J}uk;: [18] 

msT: fhy; Kjy; xd;wiu Fd;wpasT  

jPUk; Neha;fs;: rfy Neha;fSk; jPUk;. 

 

❖ md;dNgjpr; nre;J}uk;: [19] 

msT: 2 – 4 Fd;wpasT  

jPUk; Neha;fs;: Ruk;> rPjNgjp> ghz;L> %ythA> gpj;jthA> tapw;WNwhT> 

tapw;W ,iur;ry;. 

  

❖ Ngjpr; nre;J}uk;: [19] 

msT: 2 – 4 Fd;wpasT  

     jPUk; Neha;fs;: ePnuupr;ry;> ePh;fLg;G. 

 

❖ Ngjp tPur;nre;J}uk;: [19] 

msT: 1½ - 2 Fd;wpasT  

     jPUk; Neha;fs;: thA rk;ge;jkhd Neha;fs;> Ruk;> rd;dp. 

 

❖ JUR nre;J}uk;: [19] 

msT: xd;W Kjy; %d;W Fd;wpnail 

jPUk; Neha;fs;: %ythA> ngUq;fopr;ry;> ghz;L> Ruk;> rak;> ,Uky;> 

,iug;gpUky;> njhlh;fopr;ry;;. 

 

❖ nre;J}uj; jpuhtfk;: [19] 

nre;J}uq;fSf;nfy;yhk; FUj; jpuhtfkhfg; gad;gLfpwJ. 

 

❖ Nrhlr khj;jpiu: [17]  

msT: jpdk; 1 khj;jpiu 
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jPUk; Neha;fs;: Ruk;. 

❖ rq;fj; jpuhtfk;: [17]  

msT: 5 – 10 Jsp. 

jPUk; Neha;fs;:;. <uy; tPf;fk;> Fd;kk;> tha;T> #jftha;T> tapw;Wtyp. 

 

❖ fghp nkOF: [17] 

     msT: kpsfsT 

     jPUk; Neha;fs;: Fsph;Ruk;> rd;dp> #jfthA. 

 

❖ jhk;gpu md;dNgjp nre;J}uk;: [20] 

jPUk; Neha;fs;: Fsph;Ruk;> fgRuk;> gpj;jRuk;> ghz;L jPUk;. 

 

❖ ehuhaz nre;J}uk;: [20] 

jPUk; Neha;fs;: gf;fthjk;> Njhs;thjk;> Klf;Fthjk;> nfz;il thjk;> 

rh;thq;fthjk;> ,Lg;Gthjk;> cjph;thjk;. 

 

❖ nre;J}ur; nraePh;: [21]  

jPUk; Neha;fs;: rfy Neha;fSf;Fk; cs;Sf;F cgNahfpf;fyhk;. 

NkYf;Fg; G+Rtjhy; 18 tif Fl;lKk; jPUk;. 

 

❖ tPu gw;gk;: [22] 

msT: miu Kjy; xU mhprpnail 

jPUk; Neha;fs;: vz;tif Fd;k Neha;> Kd;dprpT> gpd;dprpT> #iy> 

irj;jpak;> Njhlk;> fpue;jp.  

 

❖ et cg;Gj; jpuhtfk;: [23] 

msT: 3 – 5 Jsp 
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jPUk; Neha;fs;: gf;f #iy> khuilg;G> khh;G Neha;> tapw;W Neha;> 

GspNag;gk;> ,Lg;G typ> the;jp> Flypiur;ry;. 

3.1.2. IN MODERN ASPECT: 

VERNACULAR NAMES:[24] 

Tamil:   Annabedhi 

English:  Green vitriol, Green copperas, copperas of commerce, sulphates of iron, 

ferrous sulphate, iron sulphate, salt of steel. 

Sans: Kasisa 

Hindi: haratutia 

Tel: Tagramu 

Malay: madukalpa 

Chemical formula:  Ferrous sulphate (Feso4). 
 

Chemical structure: [25] 

 

               Iron(II) sulphate or ferrous sulphate denotes a range of salts with the 

formula FeSO4·xH2O. These compounds exist most commonly as the heptahydrate 

(x = 7) but are known for several values of x. The hydrated form is used medically to 

treat iron deficiency, and also for industrial applications. Known since ancient times 

as copperas and as green vitriol (vitriol is an archaic name for sulfate), the blue-green 

heptahydrate (hydrate with 7 molecules of water) is the most common form of this 

material. [26]  

 It is a blue-green monoclinic crystalline water-soluble salt. It is prepared 

commercially by oxidation of pyrite (iron sulphide) or by treating iron with sulphuric  

https://en.wikipedia.org/wiki/Salt_(chemistry)
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Sulfate
https://en.wikipedia.org/wiki/Sulfate
https://en.wikipedia.org/wiki/Hydrate
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acid. It is used in in the manufacture of inks, in wool dyeing as a mordant, and in water 

purification as a mordant, and in water purification as a substitute for aluminium 

sulphate. It melts at 64oC, and at 90oC it loses water of hydration to form the 

monohydrate, a monoclinic, crystalline powder that occurs naturally as the mineral 

szomolnokite. The mineral siderotil is iron sulphate pentahydrate. [27] According to 

Ayurvedic works it is rarely used internally. 

PRODUCTION:[28] 

                  It is obtained as a by – product of industrial processes using iron ores that 

have been treated with sulphuric acid. 

ACTION: [24] 

❖ Tonic 

❖ Astringent 

❖ Haematinic 

VARIETIES: 

It was divided into two varieties by the ancient Hindu chemists. 

1) Valuka kasisa or dhatu kasisa, the green variety (ferrous sulphate) 
 

2) Pushpa kasisa the yellowish variety which is probably iron sulphate 

covered with basic sulphate of sesquioxide from absorption of 

oxygen. 

“Coppers of commerce", is produced principally from the so-called alum 

shales from which alum is prepared. As is the case also with alum, copperas is found 

sometimes as a natural exudation upon alum shales and other rocks which include “iron 

pyrites”. Crude greenish-blue crystals of sulphate of iron are available in all the bazaars 

in India. Its taste is very astringent or styptic and without any odour, acid reaction, 

soluble in water, insoluble in alcohol. 

HYDRATES: 

                Iron sulphate can be found in various states of hydration, and several of these 

forms exist in nature. 
 

 

❖ FeSO4.H2O (mineral: szomolnokite)  

❖ FeSo4.4H2O  
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❖ FeSo4.5H2O (mineral: siderotil)  

❖ FeSo4.7H2O (mineral: melanterite) 

 

PHYSICAL AND CHEMICAL PROPERTIES: [29] 

❖ Colour – Turquoise / Blue - green crystalline solid 

❖ Density -1.898g /cm3 

 

❖ Melting point - 680C 

 

❖ Boiling point - 900C (becomes FeSo4) 

 

❖ FeSo4.7H2O - 90% 

 

❖ Mgso4.7H2O - 4% 

 

❖ pH >1 (10%) 

 

❖ Other sulphates - 1% 

 

❖ Insoluble - 0.1% 

 

❖ Free acid - 0.3% 

 

❖ Residual moisture - 5% 

 

❖ Fe (active substance) - 18% 

 

❖ Dissolves easily in water - 570g/l (20ºC) 

 

PHARMACODYNAMICS: [28] 

Ferrous sulphate replaces iron, an essential component in the formation of 

haemoglobin.  

 

PHARMACOKINETICS: [28] 

Absorption: 

  Ferrous sulphate absorbed from the entire length of the GI tract, but primary 

absorption sites are the duodenum and jejunum. Up to 10% of iron is absorbed by 

healthy individuals; patients with iron deficiency anaemia may absorb up to 60%. Food 

may decrease the absorption by 33% to 50%. Transported through GI mucosal cells 

directly into the blood, where it’s immediately bound to carrier protein, transferrin and 

transported to the bone marrow for incorporation into haemoglobin.  
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Metabolism: 

Liberated by the destruction of haemoglobin but is conserved and reused by the body. 

 

Excretion: 

Healthy people lose very little iron each day. Men and postmenopausal women 

lose about 1mg/day, and premenopausal women about 1.5 mg/day. The lose usually 

occurs in nails, hair, faeces, and urine; trace amounts are lost in bile and sweat.  

It is advised to consume ferrous sulphate along with ascorbic acid, as this 

practice has been known to increase its absorption. Reduced absorption with antacids, 

Zn, Ca, phosphorus, trientine and cholestyramine has been observed. 

 

MECHANISM OF ACTION: 

Ferrous sulphate replaces iron stores found in haemoglobin in red blood cells, 

myoglobin and other heme enzymes in the body. Additionally, ferrous sulphate allows 

the transportation of oxygen via haemoglobin. Approximately 60% of iron is stored in 

haemoglobin in RBC, while 9% is stored in myoglobin and other heme enzymes. 

Additionally, 25% is held in reserve in reticulocytes of the liver, spleen, and bones. 

Most stored iron is bound to ferritin. While being transferred in the body, Fe2+ iron is 

converted to Fe3+ by ceruloplasmin. So, it can then be bound to the protein transferrin. 

ADVERSE EFFECTS OF FERROUS SULPHATE: [24,28] 

❖ It is apt to irritate the stomach. 

❖ Ferrous sulphate may cause your stools to turn black, an effect that is not harmful 

and may cause the constipation, diarrhoea. 

❖ Though iron is useful in simple anaemias, it is useful or even harmful in 

pernicious anaemia. 

CONTRA INDICATION: [28]  

            Hemochromatosis, hemosiderosis and hypersensitivity to any of the ingredients 

prohibit its use. 

MEDICINAL USES: (INTERNAL) [24] 

❖ Preparations made of it was generally bhasma, oil, and solution. Bhasma is 

prepared by taking equal quantity of iron sulphate and sulphur, reducing them 

fine powder, mixing and mixture or mass. To this is added tripala, pepper, 
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honey, ghee and the whole is triturated.  A Dose is ¼ to 2 grains a day with 

honey and milk along with triphala powder and pepper. 

❖ The bhasma is alternative and diuretic and is given in enlargement of the liver, 

consumption etc. 

❖ In Ayurveda, Chakradatta had recommended a linctus composed of iron 

sulphate and pulp of wood in hiccup. 

❖ It is used as a lotion in erysipelas, anaemia and constitutional debility, following 

on malaria, kala-azar. 

❖ Iron sulphate is useful in all diseases, where iron is indicated. 

❖ A grain of ferrous sulphate in an ounce each of omum water and infusion of 

chiretta thrice a day after food. This is useful in larger doses in case of neuralgic 

of rheumatic attacks recurring periodically among the weak and anaemic. 

❖ 24 grains of ferrous sulphate and 30 grains of black pepper and cinnamon 

powder, made into 12 pills in sufficient quantity of honey and given in a dose 

of 1 pill twice a day. 

❖ For anaemic females suffering from cholera etc leucorrhoea and amenorrhoea 

purified aloes in equal quantity to ferrous sulphate may be advantageously 

added. 

MEDICINAL USES: (EXTERNAL) [24] 

❖ Iron sulphate is used in skin diseases either alone or with other medicines. 

❖ For painful syphilitic ulcers, ferrous sulphate is dusted over them after washing 

them. Its stick or solution is applied to foul ulcers and various skin diseases as 

eczema, pruritus, intertrigo etc. 

❖ Kaisadya taila, as an application to the genitals and the breasts with the view of 

strengthening them. 

❖ It is applied also in fistula – in – ano for the burning and pain in piles. 

❖ It is made of 16 tolas each of iron sulphate, withania somnifera root, bark of 

Symplocos racemosa and roots of Pothos officinalis beaten into a paste and it is 

boiled with 4 seers of sesamum oil and 16 seers of water in the usual way. 
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❖ In bleeding piles and prolapse of the rectum, daily enemas of the simple solution 

of the sulphate are serviceable. 

❖ In chronic skin diseases an ointment made of iron pyrites and ghee is used with 

benefit.  

3.1.3 SCIENTIFIC VALIDATION OF ANNABEDHI:  

❖ Sivaraj et. al., 2018 [30] evaluated the efficacy of Annabedhi Chendhuram 

(Siddha) and elemental iron (Allopathy) in the treatment of Iron deficiency 

anaemia to achieve normal function of it. This study shows that for 90% of 

group I (elemental iron) patients haemoglobin level increases above 2 grams % 

whereas in group II with annabedhi chenduram only 60% shows improvement. 

Among group I 24% of cases had unwanted symptoms. In group II only 10% of 

cases had unwanted symptoms. So, finally group I is slightly more effective 

than group II in improving haemoglobin level, but group II patients had less 

unwanted symptoms than group I. 

❖ Ashwin Ashok Shete et. al., 2018 [31] evaluated the efficacy of kasisa bhasma 

and annabedhi chenduram in the treatment of Anaemia. These drugs contain 

number of similarities both in terms of composition and preparation with 

minimum variations. when compared in between the Kasisa bhasma and 

Annabhedi chenduram, the effect of Kasisa bhasma is found highly significant. 

❖ Ashwin Ashok Shete et. al., 2017 [32] evaluated pharmaceutical study of both 

annabedhi chenduram and kasisa bhasma. Annabedhi chenduram and kasisa 

bhasma contain number of similarities both in terms of composition and 

preparation with minimal variation. The pH of kasisa bhasma is more towards 

basic while that of annabedhi chenduram is acidic. 

❖ Rajalakshmi et. al., 2017 [33] also studied the analytical characterisation of 

annabedhi chenduram and raw annabedhi. FTIR spectra of Annabedhi 

Chendhuram revealed that the iron content was increased compare to the raw  

❖ drug. XRF analytical data confirmed the presence of iron and iron oxide in large 

portion. XRD pattern explored the formation of crystalline compound which is 

again due to the impact of incineration processes. The SEM report and particle 

size analysis data indicated that the raw drug obtained was in nanometre size.  
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❖ Dhiman saha et. al., 2017[34] was conducted to perform physicochemical 

characterization for the Kasisa Bhasma as per the procedure mentioned in the 

literature by using several analytical tools. The SEM study reveals that fine 

particle of Kasisa Bhasma in the range of 10-100nm and such particles are found 

in the range of 350nm.  Due to the calcination processes agglomerates particles 

are formed.  AAS, EDAX, XRD and elemental analysis result confirmed that 

Kasisa Bhasma contained iron and sulphur as major element. 

❖ Satadru Palbag et. al., 2016 [35] was conducted the subacute toxicity study on 

kasisa bhasma as per OECD guideline 407.  The effect of Shodhita 

Kasisa and Kasisa bhasma on the weight of vital organs was measured 

following daily oral administration at different doses for 28 days. Kasisa 

Bhasma is nontoxic and safer compared to Shodhita Kasisa at higher dose and 

did not show any significant change in normal behavior of animals. The toxicity 

data revealed the efficacy of bhasma and established the fact that metals and 

minerals are preferred in their bhasma form in Ayurveda to avoid toxicity and 

to have enhanced therapeutic potency.  

❖ Keerthy Unni et. al., 2013 [36] studied that structural characterization of 

traditional Ayurvedic drug and compare these results with those of raw material 

used for the synthesis. The PXRD patterns clearly revealed the conversion of 

the non-haem iron into haem iron. The drying and incineration process converts 

the Fe2+ into mixed oxides of iron which consists of both +2 and +3 oxidation 

states. The FTIR spectra clearly confirm the presence of organic moieties along 

with the formation of iron complexes. BET surface area analysis, SEM and 

PXRD analysis once again confirms the reduction in particle size of the drug 

compared to the raw material used for the preparation of iron based traditional 

drug annabedhi chenduram.  

❖ Dhiraj Singh Rajput et. al., 2011[37] was studied the basic concept of Bhasma  

Kalpana by means preparing Kasisa Bhasma.  This study revealed that the total 

weight of cow dung cakes, quality of cow dung cakes, time required to reach 

the maximum temperature and duration of constant maximum temperature can 

be considered as the parameters for Bhasma preparation. 

During Bhasma preparation, heating must be started from a temperature lower 

http://www.bldeujournalhs.in/searchresult.asp?search=&author=Satadru+Palbag&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajput%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23284208
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than the required temperature and is gradually increased after each Puta, which 

helps to create perfect Paka of Rasa Dravya. 

❖ Dhiraj Singh Rajput et. al., 2011 [38] was conducted a comparative study on 

Kasisa Bhasma prepared by traditional method and by using MPBNY with 

special reference to physico-chemical properties.  Modified Portable Bhasma 

Nirman Yantra (MPBNY) was prepared for puta (equipment for calcination) 

procedure which is easy to handle, portable and facilitate to supply controlled 

heat. The prepared Kasisa Bhasma was subjected to modern analytical 

parameters such as AAS (Atomic Absorption Spectroscopy), XRD (X-ray 

Diffraction) and Ayurvedic analytic parameters. It was observed that Kasisa 

Bhasma of both methods possesses similar organoleptic as well as physico-

chemical properties. 

❖ Thankamma et. al., 1996 [39] was studied the improved method for the 

manufacture of annabedhi chenduram. Two samples of Annabedhi chenduram 

were prepared – one using the classical ayurvedic method and the other using 

modern methods. The preparation of Annabedhi by the traditional method 

usually takes more than three days. While the modern method of heating takes 

only less than three hours. The chemical analysis of these two samples did not 

show much differences. The same sample of annabedhi when subjected to 

electrical heating gave a slightly higher value of Fe content than that of 

traditional method. Final results show that the percentage of iron content is more 

or less the same in the traditional method and modern method. The traditional 

method is laborious, time consuming, costly while that of electrical heating is 

very convenient and cheap. It involves less labour, time and cost.  

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rajput%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23284208
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3.2. gtok; 

3.2.1 IN SIDDHA ASPECT: 

 

 

 

 

 

 

 

 

 

 

❖  gtok; vd;gJ etkzpfspy; xd;whFk;. nfhbg;gtok; vd;gJ gtoj;jpy; 

xUtif.  

Kodipavalam 

(Semi precious 

Narpavalam 

(Precious coral) 

Pavalam (Coral) 

(Nine gems)) 

Uparasam (Secondary   

minerals) 
Paasaanam 

(Arsenic 

compounds) 

Ulogangal 

(Metals) 

Jeevam (Animal 

products) 

Thathu 

(Inorganics) 

Mooligai   

(Herbs) 

SIDDHA 
MATERIA 
MEDICA 

Kaarasaram 

(Salts) 
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❖ “Xh;f;Nfhiy rq;fnkhsph; gtok;ntz; Kj;j ePh;g;gL Kg;gpNdhile;J” 

vd;w tupfs; %yk; gtok; vd;gJ flw;gL jputpaq;fspy; xd;nwd 

mwpayhk;. [12]                                                                 

NtW ngah;fs;: 

     tpj;JUkk;> Jfph;> Jg;G> gputhsk;> thupjpj; jz;L> nre;jz;L khiy>[14] 

nfhbNahd;[16] 

gtok; Njhw;wk;:  

Mfpd;w gtoj;jpd; gpwg;Gf; NfS 

    Mjpahd tyhRud; muf;fd; vd;ghd; 

jhfpd;w uhl;rrd;jd; jirf;Nfh re;jhd; 

    rz;ilapl;Lj; Njtnuy;yh kpUf;Fk; NghJ 

Njhfpd;w fly;jd;dpy; Ngha;tp Oe;J 

    Rj;jkhd gtokJ Njhw;w khr;R 

Vfpd;w ,e;jpud;tr; rpuhA jj;jhy; 

    Vw;wkhd kiyjd;dpd; rpwiff; NfNs. 

Nghfu; fw;gk; 7000.[13] 

❖ tyDila rij flypy; tPo;e;J ew;gtokhapw;W vd;Wk;>  

❖ NjNte;jpudpd; t[;[puhAjj;jpdhy; kiyapd; rpwFfs; nfha;ag;gl;l 

fhyj;Jf; FUjp flypy; Ngha; tPo;e;J nfhbg;gtokhapw;W vd;gJk; Guhz 

tuyhwpy; $wg;gl;Ls;sJ. 

❖ flypy; thOk; capupdq;fspy; xUtif Ez;Zapupapd; Gwf;$Nl gtok; 

vd;W miof;fg;gLfpd;wJ. 

❖ ,it kj;jpa jiuf;fly;> ,e;Jkfh rKj;jpuk; Nghd;w Mo;fly; gFjpfspy; 

fhzg;gLfpd;wd. [12] 

     jpUntz;fhl;lbfs; Guhzj;jpy; “gto ew;Fzk;” vd;Dk; Kjw; 

Fwpg;igAila tpUj;jj;jpdhy; Fzq;fs; kw;Wk; Fw;wk; 6 vd;W mwpag;gLfpwJ. 

mit> 
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Fzq;fs;: (6) 

❖ rpe;J}uk; 

❖ nrk;kzp 

❖ nrq;fha; 

❖ KRKRf;iff; fdp 

❖ tPiuf;fdp 

❖ J}Jisf;fdp 

Fw;wq;fs;: (6) 

❖ gpsT 

❖ Klf;F 

❖ Jis 

❖ fUg;G 

❖ jpUfy; 

❖ ntspuy; 

     jpUtpisahlw; Guhzj;jpy; “mt;topapw; gLgtd”  v;d;w mbfshy; Fzk; 

ehd;F> Fw;wk; %d;W vd;W mwpayhk;. 

Fzq;fs;: (4) 

❖ KUf;fk; G+ 

❖ gRq;fpsp %f;F 

❖ nrt;tuj;j kyh; 

❖ nfht;itf; fdp 

Fw;wq;fs;: (3) 

❖ jpUfpf; NfhZjy; 

❖ GOthpj;jy; 

❖ Kfnkhbjy; 
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nghJf;Fzk;: 

“RuNjhlk; IaKj; NjhlRuq; fhrk; 

mUrpfP lj;jhyhk; Myk; - ngUtpe;J 

el;lk; mjpjhfk; ehtwl;rp NghnkhspAq;  

fpl;Lk; gtoj;jhw; Nfs;”.  

gjhh;j;j Fz rpe;jhkzp[15] 

❖ Ruj;jpy; cz;lhFk; Njhlk;> fgk;> rd;dpghjRuk;> ,Uky;> mNuhrfk;> tpl 

re;Jf;fspdhy; cz;lhFk; tplk;> jhJ el;lk;> jhfk;> ehtpYz;lhFk; 

RuRug;G ePq;Fk;.  

❖ gtoj;ijr; Nrtpj;jhNy rak;> gpj;jk;> ,uj;j fhrk;> Nej;jpu Nuhfk; 

ePq;Fnkd;W nghpNahh; $Wth;. 

nra;if:[12] 

❖ euk;G jsh;r;rp ePf;fp;. 

❖ rpWePh; ngUf;fp 

❖ kykpsf;fp 

❖ Jth;g;gp. 

Rj;jp Kiwfs;: 

❖ xU gyk; (35 fpuhk;) gtoj;jpw;F MW gyk; (210 fpuhk;) NghPr;rq;fs;is 

fhiyapy; tpl;L khiy tiu nta;apypy; cyh;j;jp kWehs; fhiyapYk; 

Gjpjha; Nkw;gb fs;is tpl;L nta;apypy; itf;fTk;. ,t;tpjk; Ie;J 

Kiw nra;J ePh; tpl;Lf; fOtp vLf;f Rj;jpahFk;. ,k;Kiwapy; nra;jhy; 

gtok; fiue;J tpLk;.[12] 

❖ rkmsT NghPr;rq;fs; Cw;wp Cw itj;J kWehs; fOtp vLf;fr; 

Rj;jpahFk;.[12] 
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❖ xU ehs; KOtJk; gor;rhw;wpy; Cw itj;J> kWehs; nte;ePh; tpl;Lf; 

fOtp vLf;fr; Rj;jp MFk;.[17] 

❖ Mtpd;; ghy; my;yJ japupy; xU rhkk; nfhjpf;f itj;njLf;f Rj;jp 

MFk;.[16] 

❖ gRNkhhpy; fpop fl;b xd;wiu kzpNeuk; vhpf;f Rj;jp MFk;.[39] 

❖ gor;rhw;wpy; 3 ehl;fs; Cw itj;njLj;J cyh;j;jp vLf;f Rj;jp MFk;.[16] 

❖ vUf;fk; ghypy; 3 ehs; Cw itj;njLf;fTk;.[16] 

NrUk; gpwkUe;Jfs;: 

❖ gto gw;gk;:[19]  

jPUk; Neha;fs;: thjgpj;jfg Ruq;fs;> fLg;G thjk;> eLf;F thjk;> gpbg;G 

thjk;> ngUk;ghL> Nahdpg;Gw;W> fy;yPuy; tPf;fk;> rak;> ,uhrr; rpye;jp.  

 

❖ gtor; nre;J}uk;: 

jPUk; Neha;fs;: #jf rd;dp> eLf;fy;> rj;jp Fd;kk;> gTj;jpuk;> ,uj;j 

%yr;#L> thapiyg;G> jiyapYk; ifapYk; cz;lhFk; vhpr;ry;. 

 

❖ nfhbg; gtor; Rz;zk;: [19] 

msT: 2 Kjy; 3 Fd;wpnail 

jPUk; Neha;fs;: rak;> ,Uky;> Rthrfhrk;. 

 

❖ etuj;jpd mf;fpdpf; Fkhud;:[40]  

msT: Fd;wpnail 

jPUk; Neha;fs;: rd;dpghj Ruk; 

 

❖ ,uzpa fw;gurk;:[40]   

msT: 2 khj;jpiufs;. 
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jPUk; Neha;fs;: thjgpj;jfg rd;dpfs;> Gj;jp $u;ik cz;lhFk;. 

 

❖ fghq;Fr #uzk;: [17]    

msT: miu Njhyh 

jPUk; Neha;fs;: rak;> cl;bz ,Uky;> cl;fhq;if> if fhy; vhpr;ry;. 

  

❖ fUtq;f Nahf gw;gk;:[21] 

msT: 1 – 2 Fd;wp (260 – 900 kp. fp) 

jPUk; Neha;fs;: %yk;> rak;> fhrk;> Fd;kk;> Nkfk;. 

 

❖ fUtq;f gto nre;J}uk;:[21] 

msT: 2 – 4 Fd;wp (260 – 900 kp. fp) 

jPUk; Neha;fs;: ntl;il Neha;> Nkf Neha;. 

 

❖ gto Gw;W gw;gk;:[19]  

msT: 2 - 3 Fd;wp  

jPUk; Neha;fs;: ,uj;jfhrk;> ,uj;jq;ff;fy;> ,Uky;. 

 

❖ kfhG+gjp gw;gk;:[17] 

msT: 1 - 2 Fd;wp  

jPUk; Neha;fs;: ePuilg;G> fy;yilg;G> rijailg;G> ePnuupr;ry;> ePh;f;fl;L> 

khh;G Neha;> rak;> <is> Nkffhq;if. 

 

❖ jphpNyhf rpe;jhkzp:[41] 

msT: 1 tuhfd; (3.5fpuhk;) 

jPUk; Neha;fs;: ftpir> #iyf;fl;L> ghz;L> ngUtapW> gTj;jpuk;> 

typg;G. 
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❖ Rtu;z khj;jpiu:[42] 

msT: 1 khj;jpiu 

jPUk; Neha;fs;: Ruk;> rd;dp> fhrk;> Rthrk;> typg;G> ,rpT> ,Uky;. 

3.2.2. IN MODERN ASPECT: 

            Coral reefs are one of the most ancient and dynamic ecosystems of India. Coral 

reefs not only provide a sanctuary to a myriad of marine life but also plays key role m 

protecting the coastline from erosion.  

CORAL REEFS IN INDIA: 

❖ All the three major reef types occur in India (atoll, fringing and barrier). Within 

these habitats are some of the most diverse, extensive and least disturbed reefs 

in the Indian Ocean. To this day, many of these reefs are largely unstudied.  

❖ The mainland coast of India has two widely separated are as containing reefs: 

The Gulf of Kachchh in the northwest, which has some of the most northerly 

reefs in the world and Palk Bay and Gulf of Mannar in the southeast. In addition 

to these, there are patches of reef growth on the West Coast, for example coral 

reefs at Malvan. 

❖  Coral reefs on the Tamil Nadu coast (South East Coast) are located in Palk Bay 

near Rameswaram and in the Gulf of Mannar. Mandapam peninsula and 

Rameswaram Islands separate Palk Bay from the Gulf of Mannar (between 

Rameswaram and Tuticorin). [43] 

CORAL BIOLOGY: 

❖ Corals are the most conspicuous inhabitants of reefs and provide the habitat 

amongst which fish and other reef animals exist.  

❖ The term 'coral' has been used to describe a variety of different invertebrate 

animals from the Phylum Cnidaria including hard corals, soft corals, precious 

corals and hydro corals.  

❖ Most often the word coral refers to hard corals from the Order Scleractinia.  

❖ Scleractinia corals are divided into reef-building corals (hermatypic corals), 

which form the primary structure of coral reefs, and non-reef building corals 

(ahermatypic corals), which do not contribute significantly to reef formation.  



28 | P r e c l i n i c a l  s a f e t y  e v a l u a t i o n  o f  A n n a p a v a l a  C h e n d u r a m  

 

❖ Hermatypic corals usually contain millions of tiny algal cells, called 

zooxanthellae, within their tissues.  

❖ These algae are a primary energy source for the reef building activities of 

hermatypic corals.[43] 

CORAL TAXONOMY:[44] 

Zoological classification: 

❖ Kingdom        - Animalia  

❖ Subkingdom - Radiata  

❖ Phylum - Cnidarians  

❖ Subphylum - Anthozoa 

❖ Class  - Anthozoa  

❖ Subclass - Octacorallia  

❖ Order             - Alcyonaceae  

❖ Suborder - Scleraxonia  

❖ Family            - Coralliidae 

❖ Genus            - Corallium 

❖ Species           - Corallium rubrum (Linnaeus 1758) 

TYPES OF CORAL: 

❖ Hard corals – These marine animals in the phylum Cnidaria that build 

themselves a hard skeleton. The individual animals are known as polyps and 

have a cylindrical body crowned by an oral disc in which a mouth is fringed 

with tentacles. Although some species are solitary, most are colonial. The 

founding polyp settles and starts to secrete calcium carbonate to protect its soft 

body.[45] 

 

❖ Soft corals – These are an order of corals that do not produce calcium 

carbonate skeletons, formerly known as gorgonians which can bend with the 

tides.  

MORPHOLOGY OF CORAL: 

                  It is a small shrub/ tree like in appearance. It occurs in slender, cylindrical 

https://en.wikipedia.org/wiki/Phylum
https://en.wikipedia.org/wiki/Cnidaria
https://en.wikipedia.org/wiki/Skeleton
https://en.wikipedia.org/wiki/Polyp_(zoology)
https://en.wikipedia.org/wiki/Colony_(biology)
https://en.wikipedia.org/wiki/Calcium_carbonate
https://en.wikipedia.org/wiki/Coral
https://en.wikipedia.org/wiki/Calcium_carbonate
https://en.wikipedia.org/wiki/Calcium_carbonate
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 and generally branched with consistently red in colour. It is made up of numerous 

minute pieces and longitudinally furrowed. In smell it resembles frankincense. With a 

crackling sound it easily breaks. In a raw state a cortical substance is covered over the 

stems and branches of soft small polyp which is the habitat of the polyp.[46] 

PHYSICAL PROPERTIES: [28] 

❖ Colour – Deep red to soft pink 

❖ Hardness – 3 to 4 (Mohs) 

❖ Specific gravity – 2.6 – 2.7 

❖ Refractive index – 1.486 – 1.658 

❖ Crystal system – Amorphous 

❖ Double refraction – 0.172 

❖ Transparency- Translucent to opaque 

❖ Lustre – Vitreous, waxy  

❖ Cleavage - None  

CONSTITUENTS OF CORAL: 

             Animal or organic matter, 8 p.c., carbonate of lime 83 p.c., magnesium 

carbonate 3.5 p.c., and oxide of iron 4.5 p.c. The red colour is due to its containing 

iron.[24]  

THERAPEUTIC USES: [24] 

❖ As a local astringent, it is used in the preparation of tooth powders. 

❖ Its chief use is in cough, phthisis, asthma, low fever, urinary diseases, 

spermatorrhoea, gleet and gonorrhoea, carbuncle, scrofulous affections, as a 

nervine tonic in headache, giddiness and vertigo.  

❖ It was found useful in the cases of chronic bronchitis and pulmonary 

tuberculosis. 

❖ It is given as an antacid to check vomiting and to cure dyspepsia and bilious 

headache. 

CORALS IN ASTROLOGY:[28] 

❖ The first benefit of the red coral is victory over enemies and adversaries. 
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❖ The red coral benefits in overcoming procrastination and laziness and gives the 

impetus and the individual to take tasks to their logical conclusions. 

❖ Another powerful benefit of the red coral is its impact on the mental health. The 

red coral also imparts courage and helps in overcoming fear and nervousness. It 

is great gemstone for boosting self- esteem. 

❖ The red coral represents strength of marriage and long life of the spouse. It 

protects women from widowhood and should be worn after proper astrological 

analysis. 

3.2.3 SCIENTIFIC VALIDATION IN CORAL: 

❖ Velpandian et al., 2013[48] evaluated the clinical efficacy of Kodipavala 

chunnam in hepatitis patients. Kodipavala chunnam normalize the raised liver 

parameters after a course of treatment. 

 

❖ Velpandian et al., 2013[49] studied the acute and sub - acute toxicity studies on 

Kodi Pavala chunnam according to OECD guidelines. Kodi pavala chunnam 

did not cause any toxicity in both acute and sub - acute toxicity study. 

 

❖ Velpandian et al., 2013[50] reported that the hepato protective activity of kodi 

Pavala  chunnam in experimental rats. The liver damage was induced by CCl4 

in Wistar rats. The haematological, biochemical parameters are near normal in 

treated group.  

 

❖ Thanigaivelan et al., 2011[51] evaluated the haemostatic activity of Pavala 

parpam in Swiss albino mice. Pavala Parpam showed marked reduction in both 

bleeding and clotting time. The significant reduction in bleeding was 

comparable to that of standard. 

 

❖ Himanshu S et al., 2008[52] clinically studied the effect of pravala bhasma in 

hyperacidity patients. It showed better results. 

 

❖ Prabhakara N. Reddy et al., 2003[53] had evaluated the anti - osteoporotic 

activity of pravala bhasma by inducing progressive bone loss in female Sprague-

Dawley rats by ovariectomy followed by low calcium diet. The CT scan 
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revealed significant increase in combined cortical thickness and cortical and 

periosteal area ratio. The calcium and phosphorus, excretion in urine is 

comparatively decreased in treated group.  

 

❖ Rosalind Marita et al., 1988 [54,55] had evaluated the anti - atherosclerotic 

activity of Anna Pavala chendooram, on experimentally induced atherosclerosis 

on Rabbits. It was evaluated by separation of plasma and aortic phospholipids 

into individual lipids and incorporating radiolabel from 14C-acetate into 

phospholipids. The plasma cholesterol level was reduced up to 65% and the 

HDL level was increased. The atheroma formation and the plasma 

sphingomyelin levels were also reduced. 
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3.3. vYkpr;ir 

 

3.3.1 IN SIDDHA ASPECT: [56]  

   

 

 

 

 

 

 

gad;gLk; cWg;G:  

     ,iy> fha;> gok;> gourk;> vz;nza;. 

,iy> fha;> gok;: 

Rit – Gspg;G> jd;ik – ntg;gk;> gpupT – fhu;g;G 

nra;if: Fspu;r;rpAz;lhf;fp 

Njhy;: 

Rit – Gspg;G> fhu;g;G> jd;ik – ntg;gk;> gpupT – fhu;g;G 

nra;if: jbg;Gz;lhf;fp> mfl;Ltha;tfw;wp. 

fhapd; nghJf;Fzk;: 

             jPnjY kpr;rq;fha; Nlu;Kj;Njh lj;ijAKs; 

             thjfg #iyiaAk; khnfhba – rhjpnaDQ; 

             ru;j;jpFd; kj;ijAKs; jq;fkUe; jpl;lijAk; 

             gpj;jntg;ig Ae;jzpf;Fk; NgR. 

mfj;jpau; Fzthflk;. 
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,J Kf;Fw;wk;> #iy> the;jp> Fd;kk;> ,LkUe;J> moy;Neha;fs; 

,tw;iwg; Nghf;Fk;. 

goj;jpd; nghJf;Fzk;: 

jhfk; FefNeha; jhohr; rpypgjNeha; 

Ntfq;nfhs; cd;khjk; tPWgpj;jk; - khfz;Nzha; 

fd;dNdha; the;jpAk;Nghq; fl;Lth jpj;njhopypy; 

kd;ndYkpr; rq;fdpia tho;j;J.   

mfj;jpau; Fzthflk;. 

,J kaf;fk;> the;jp> tha;Fkl;ly;> ePh;Ntl;if> ntwp> fz;Nzha;> 

fhJtyp Nghf;Fk;. 

tof;FKiw: 

❖ vYkpr;rk;goj;ij urKk; CWfhAkhff; fw;gKiwaha;g; gj;jpaj;JlNd 

MW khjk; nfhs;s eiu> jpiu> gpbg;G> ngUtapW> gf;f#iy> Klk;> 

ntwp> kaf;fk;> kdNrhu;T jPUk;. 

❖ ,g;gourj;NjhL ru;f;fiu $l;b ePu; Nru;j;Jg; ngUf;fp ePu;tplha;f;F 

mUe;jyhk;. 

❖ Ruj;jpy; cz;lhFk; the;jpf;Fk;> tha;Fkl;lYf;Fk; ,g;gourj;jhy; 

nra;ag;gLk; rhjprk;gPu Fok;G ew;gyidj; jUk;. 

❖ gts gw;gj;ij ,g;gor;rhw;Wld; Nru;j;J rPjf;fopr;ry;> ngUq;fopr;ry;> 

mjprhu fopr;ry; ,itfSf;F nfhLf;fyhk;. 

❖ fopr;rYf;fhf kUe;Jfs; nfhLj;J mlq;fhj fopr;rYk;> the;jpAk; 

Neupl;lhy;> rPufj;ij Njd; tpl;L tWj;J> ,jd; gourj;ij Nru;j;J 

ePu;tpl;Lf; fha;r;rpf; nfhLf;f clNd fopr;rYk; the;jpAk; epw;Fk;. 

❖ ,jd; ,iyiaf; fhbapypl;L ePuhfhukhfg; gUFtJ ek; ehl;Lg; gof;fk;. 

❖ NkYk; ,g;gourk; gytifahd rpj;j> MAu;Ntj kUe;Jfspy; NrUk; 

ruf;fhfTk;> Rj;jpf;Fk; mjpf mstpy; gad;gLfpwJ.   
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NrUk; kUe;Jfs;: 

❖ nrsghf;fpa nrhz;b #uzk;[41] 

     msT: ntUfb 

jPUk; Neha;fs;: mrPuzk;> Fd;kk;> tapw;W Neha;> Ngjp> rPjRuk;> ke;jRuk;>               

#rpfhthA jPUk;. 

 

❖ ghtd fLf;fha;:;[41] 

msT: 1 khj;jpiu 2 Ntis 

jPUk; Neha;fs;: vO#iy> the;jp> Fd;kk;> Kj;Njhlk;> Rthrfhrk;> Ruk;> 

fpuhzp> %yk;> ehrpfhgPlk;> tPf;fk;> ghz;L> mUrp> #iy> tapw;WNeha;> 

jhJtpUj;jp cz;lhFk;. 

 

❖ #iyg;gplhuk;:[41] 

jPUk; Neha;fs;: #iy> typ> 8 tif Fd;kk;> gPypif> kNfhjuk;> ePuhik 

typ> tapw;wpy; Vw;gLk; gpzpfs; jPUk;. 

 

❖ vYkpr;rq;fLF:[41] 

msT: ghjp vYkpr;ir 

jPUk; Neha;fs;: fhkhiy> ghz;L> Nrhig. 

 

❖ fy;ahzp urk;: [41]  

jPUk; Neha;fs;: rd;dp 

 

❖ Kiyg;ghnyz;nza;: [17] 

msT: fhyzh vil jpdk; xU Ntis. 

jPUk; Neha;fs;: vYk;GUf;fp> fpuhzp> mjprhuk;> rPjf;fLg;G> fzr;#L> 

%yr;#L> ehl;gl;l nts;is. 
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❖ ehuq;fj; ijyk;: [17] 

msT: ];ehdk; nra;aTk;. 

jPUk; Neha;fs;: fhjpy; rPo; tUjy;> kz;ilf; fug;ghd;. 

 

❖ <];tu #lhkzpj; ijyk;: [17] 

msT: ];ehdk; nra;aTk;. 

jPUk; Neha;fs;: Nej;jpu Neha;fs;. 

 

❖ Nkf uh[hq;f fpUjk;: [17]  

msT: 1 Njf;fuz;b 

jPUk; Neha;fs;: ePh;r;RUf;F> nts;is> rij milg;G> ngUk;ghL> 

vYk;GUf;fp. 

 

❖ rq;F gw;gk;: [17] 

msT: ½  my;yJ  1 gzntil  

jPUk; Neha;fs;: khh;Neha;> khh;G vhpr;ry;> khuilg;G> ePh;r;RUf;F> nts;is. 

 

❖ gQ;r ytz gw;gk;: [17] 

msT: ½  my;yJ  1 gzntil  

jPUk; Neha;fs;: #jff;fl;L> tapw;Ws; cz;lhd fl;b> kNfhjuk; jPUk;. 

fUTaph;j;j ngz;zpd; mOf;if ntspg;gLj;Jk;. 5 khjj;jpw;F cl;gl;l 

fh;g;gpzpfs; ,jid cz;zyhfhJ. 

 

❖ ghrhz Rz;zk;: [17] 

msT: 2 mhprpnail 

jPUk; Neha;fs;: rd;dp Njhr Ruq;fs;. 
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❖ Nkfuh[hq;f gw;gk;: [17] 

msT: ½ my;yJ  1 gzntil  

jPUk; Neha;fs;: ehl;gl;l rak;> fhrk;> Gz;Giu> vYk;GUf;fp jPUk;. 

 

❖ gto gw;gk;: [17] 

msT: ½ Fd;wpnail  

jPUk; Neha;fs;: Nkf rk;ge;jkhd cly; vhpr;ry;> fhq;if> ePh;vhpr;ry;> 

ePh;f;fl;L.  

 

❖ fUtq;f gw;gk;: [17] 

msT: ½ - 1 Fd;wpnail  

jPUk; Neha;fs;: mjprhu Ngjp> gpurtj;jpw;F gpd; tUk; fpuhzp> rak;> <is> 

,Uky;> jPuh tpf;fy;> vypf;fb. 

 

❖ jhkpu gw;gk;: [17] 

msT: 1 muprpnail  

jPUk; Neha;fs;: Ruk;> Fl;lk;> ghz;L> #iy> thjNuhfk;> mf;fpdp ke;jk;. 

 

❖ mar;nre;J}uk;: [17] 

msT: 1 – 1 ½  Fd;wpnail  

jPUk; Neha;fs;: Rthrfhrk;> <is> ,Uky;. 

 

❖ kfh kz;Lur; nre;J}uk;: [17] 

msT: 1 – 1 ½  Fd;wpnail  

jPUk; Neha;fs;: tPf;f Nuhfq;fs; jPUk;. ,uj;j tpUj;jp cz;lhFk;. 

 

❖ ,ypq;ff; fl;Lr; nre;J}uk;: [17] 

msT: 2 muprpnail. 
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jPUk; Neha;fs;: rd;dpghj Ruq;fs;> thj rk;ge;jkhd Nuhfq;fs;. 

 

❖ jhkpu nkOF: [17] 

msT: ½ - ¾ Fd;wpnail. 

jPUk; Neha;fs;: Fd;kk;> ngUtapW> gpbg;G> tpuzk;> Rthrfhrk;> jpkph;> 

jbg;G> thj Nuhfq;fs;. 

 

❖ rk;gPu fw;gk;:[18] 

msT: 1 – 2 tuhfndil 

jPUk; Neha;fs;: gpj;j ghz;L> Nrhif> ,uj;jf; FiwT> mrjp> Nrhk;gy;. 

 

❖ mag;nghb ,sfk;: [18] 

msT: 3½ - 5½ fpuhk;.  

jPUk; Neha;fs;: ghz;L> Nrhif> kQ;rs; Neha;fs;> nrhpahik Neha;fs;. 

 

❖ Nyhf kz;^u khj;jpiu: [18] 

msT: 1 khj;jpiu  

jPUk; Neha;fs;: ghz;L> Nrhif> fhkhiy. 

 

❖ fhe;jr; nre;J}uk;: [18] 

msT: 3 – 4 Fd;wpnail 

jPUk; Neha;fs;: ,iug;gpUky;> rak;> ghz;L> Nrhif. 

 

❖ kfh Rakhf;fpdp nre;J}uk;: [18] 

msT: 2 – 4 Fd;wpnail 

jPUk; Neha;fs;: tsp Neha; 80> Fd;kk; 16> thA 26 jPUk;.  
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❖ MWKf tlfk;: [18] 

msT: 1 – 1½ khj;jpiu  

jPUk; Neha;fs;: ghz;L> Nrhif> Ritapd;ik> ff;fy;. 

 

❖ m];l ghz;L tpNehj nkOF: [18] 

msT: 1 khj;jpiu 

jPUk; Neha;fs;: vz;tif ghz;L> er;Rg; ghz;L> fhkhiy> Nrhif. 

 

❖ jhk;gpu gw;gk;: [18] 

msT: 1 Fd;wpnail 

jPUk; Neha;fs;: Fl;lNeha;. 

 

❖ mg;gpufr; nre;J}uk;:[21] 

msT: 2 - 3 Fd;wpnail 

jPUk; Neha;fs;: fhrNeha;> NkfNeha;> kJNkfk;> ntl;il Neha;fs;. 

 

❖ gspq;F mg;gpufr; nre;J}uk;: [21] 

msT: 2 - 3 Fd;wpnail 

jPUk; Neha;fs;: gpuNkfk;> ePh;f;fLg;G> ePnuupr;ry;> ntl;il> rak;> 

,iug;gpUky;. 

 

❖ fhhPa gw;gk;: [21] 

msT: 2 - 3 Fd;wpnail 

jPUk; Neha;fs;: fhrNeha;> NkfNeha;> rak;> ,iug;G> gpuNkfk;> gpukpak;. 

 

❖ ehf gw;gk;: [21] 

msT: 4 - 6 Fd;wpnail 

jPUk; Neha;fs;: if fhy; fWg;G> Cuy;> jbg;G> Gil.  
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❖ nts;sp gw;gk;: [21] 

msT: 1 - 2 Fd;wpnail 

jPUk; Neha;fs;: ghz;L> Ruf;fl;b> cg;G Neha;> #iy> fgRuk;> ,uj;jNgjp> 

,uj;j%yk;.  

 

3.3.2 IN MODERN ASPECT: 

VERNACULAR NAMES:[57] 

❖ Tamil - Elumichai 

❖ Sanskrit – Nimbaka, limbaka, mahajambiram, vijapura 

❖ English – Lemon 

❖ Hindi – Jambira, paharikaghju 

❖ Telugu – Peddanimba 

❖ Malayalam – Cerunarakam 

❖ Kannadam - Brihat nimbe, dodda nimbe. 

❖ Panjabi – Khuttia 

HISTORY & HABITAT:[58] 

            In 1493, first lemon tree in America is planted by the Italian navigator 

Christopher Columbus. The major producers of lemon today are USA, Italy, Turkey, 

Israel, Spain and Greece. In India, the cultivation is carried out in UP, Madhya Pradesh, 

Karnataka and Punjab. In India though the most popular variety of citrus fruits 

cultivated and used is acid lime. It is grown largely in Andhra Pradesh, Bihar, Gujarat, 

Maharashtra, Rajasthan, and Tamil Nadu, and to a limited extent in other states of 

country. Areas with dry climate and low rainfall are best suited for growing limes. 

Lemons can be grown in heavy rainfall humid regions. The best season of planting is 

June to August. 

TAXONOMY OF LEMON:[59] 

❖ Kingdom         – Plantae 

❖ Subkingdom   – Tracheobionta 
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❖ Super division – Spermatophyta 

❖ Division           – Magnoliophyta 

❖ Class                – Magnoliopsida 

❖ Subclass           – Rosidae 

❖ Order               – Sapindales 

❖ Family              – Rutaceae  

❖ Binomial name - Citrus limon. 

VARIETIES:[60] 

             Two kinds of limes are found in the Indian market - Pati and Kagzi. The lemon 

though belonging to the same stock, differs from the lime fruit in being bigger in size 

with a rough, thin and loose rind. 

PARTS USED:[60] 

            Rind of the ripe fruit (Limonis cortex, officinal), essential oil of the rind (oleum 

limonis) and expressed juice of the ripe fruit (Succus limonis). 

CONSTITUENTS: [58,60] 

                A pale-yellow volatile oil derived on either by distillation or by simple 

expression from the fresh outer part of the pericarp or finely grated rind of the fruit. 

Lemon is richer in juice and citric acid than lime. The average amount of citric acid 

available from 100 c. c of lemon juice is 3.7%. Lemon contains many vitamins (niacin, 

riboflavin, thiamine, choline, pantothenic acid, foliate, vitamin C, vitamin B6) and 

minerals (calcium, copper, iron, manganese, magnesium, phosphorus, potassium, zinc), 

which are needed for human body. 

ACTION: 

❖ Rind – Stomachic, Carminative. 

❖ Lemon oil – Bitter, aromatic, stomachic and carminative in doses from 2 to 4 

drops, but is rarely employed in this form. 

❖ Lemon juice – Antiscorbutic and refrigerant, primarily anti – alkaline and 

secondarily antacid. 

❖ Bark – Febrifuge. 

❖ Seeds – Vermifuge. 
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MEDICINAL USES:[60] 

❖ Lemon oil is used as a local application of in some forms of ophthalmia but with 

doubtful results. 

❖ Nimba thailam applied is of special use in leprotic ulcers. 

❖ Lemon oil is applied to check postpartum haemorrhage and is highly prized in 

medicine as a flavouring agent. 

❖ In rheumatic affections such as plerodynia, sciatica, lumbago, pain in the hip 

joints etc., the administration of lemon juice with the addition of impure 

carbonate of potash and honey is recommended by sarangadhara. 

❖ Lemon juice and gun powder is applied topically for scabies. 

❖ Juice of the baked lemon is excellent remedy for cough when mixed with an 

equal quantity of sugar or honey and taken in teaspoonful doses. 

❖ A decoction of the lemon is a very valuable remedy in the treatment of ague. 

❖ Lemon juice is recommended to be taken in the evening for the relief of 

dyspepsia with vomiting and bilious headaches. 

❖ Preserved with sugar or honey lemons are recommended for sore throat and are 

considered to act as detergent; they are administered before purgatives to 

prepare the body for them and afterwards to check excessive action.   

❖ Daily consumption of lemon water helps to purify the blood and also 

significantly improves mental health. It is a powerful antiseptic and can be used 

to disinfect cuts, abrasions and scrapes. In order to keep good health.[58] 

3.3.3 SCIENTIFIC VALIDATION OF LEMON: 

❖ Chikako et. al., 2019 [61] studied the Effects of lifelong intake of lemon 

polyphenols on aging and intestinal microbiome in the senescence. This result 

suggested that the lemon polyphenols has anti-aging effects not only on host 

health but also on the intestinal environment. 

 

❖ Yoji kato et. al., 2014 [62] evaluated the effect of ingestion of lemon and walking 

in the management of blood pressure. This study suggested that the walking and 

lemon ingestion have the effect of lowering systolic blood pressure by 

respectively different action mechanisms. There may be an additive or 

synergistic effect in movement and lemon ingestion. 
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❖ Elham et. al., 2014[63] evaluated the Antiviral Activity of Citrus Limon, 

Matricariarecutita L., Allium ascalonicum L., and Rosa damascene against 

Newcastle Disease Virus.The results of this test showed Limon had the most 

antiviral activity and could reduce viral pathogenicity of NDV as 100 - fold. 

Matricariarecutita L., Allium ascalonicum L. could reduce activity of virus as 

3.8 and 40.5-fold respectively, but Rosa damascene did not have any significant 

effect on virus. 

 

❖ Boshtam et. al., 2013[64] evaluated the impact of fresh lime juice and peel on 

atherosclerosis progression in an animal model. Based on the results, citrus peel 

and juice increase plasma antioxidant capacity in rabbits, and can thus prevent 

or decelerate the process of atherogenesis. However, lime peel is more effective 

than lime juice. 

 

❖ Alshatwi et. al., 2011[65] conducted the study on methanolic extract of lemon 

juice was investigated in the anti-tumour activity on the MUF-7 breast cancer 

cell line by in vitro. The expression of a pro-apoptotic gene, bax was increased 

and the expression of an anti-apoptotic gene, bel-2 was decreased by LE extract 

treatment, resulting in a shift in the Box; Bel-2 ratio to one that favoured 

apoptosis. 

 

❖ Ashok kumar et. al., 2011[66] studied the Antibacterial activity of five different 

solvent extracts (ethyl acetate, acetone, ethanol, petroleum ether and water) 

prepared by soxhlet extractor from two citrus fruit peel (Citrus sinensis and 

Citrus limon) were screened against five pathogenic bacteria Staphylococcus 

aureus, Bacillus subtilis, Escherichia coli, Klebsiella pneumonia and Salmonella 

typhi. The highest antibacterial potentiality exhibited by the acetone peel extract 

of Citrus limon as very potent as the antibiotics such as metacillin and penicillin. 

 

❖ Yasmin khan et. al., 2010 [67] studied the hypolipidemic effects of citrus lemon 

juice in rabbits after high cholesterol diet for four weeks. The citrus lemon juice 

(1ml/kg/day) revealed a significant reduction in serum cholesterol, 

triglycerides; low density lipoprotein levels and resulted in an increase in high 
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density lipoprotein. These results suggest that the hypolipidemic effects of citrus 

lemon juice may be due to its antioxidant effect. 

 

❖ Penniston et. al., 2008 [68] studied the quantity assessment of citric acid in 

lemon juice, lime juice and commercially available fruit juice products. Lemon 

juice and lime juice are rich sources of citric acid, containing 1.44 and 1.38 g/oz, 

respectively. Lemon and lime juice concentrates contain 1.10 and 1.06 g/oz, 

respectively. The citric acid content of commercially available lemonade and 

other juice products varies widely, ranging from 0.03 to 0.22 g/oz. 

 

5.4 STANDARDISATION OF DRUG: 

                   Siddha pharmacopoeia established in recent times have imposed more on 

standardization aspect of the formulation. Starting from preparatory phase to storage 

each and individual step involved in formulating Siddha preparation has its own quality 

check evaluations. Bioactive phytocomponents nanoparticles present in preparations 

like Chenduram have the unique advantage of multiple modes of action.[69] The 

measurement of standards for drugs is an important criteria. The modern medicine 

industry uses standard raw materials and standardized production procedures.[70] Hence 

the standardisation procedure is essential to check the quality standards of the drug. The 

standardization process can be carried out chemically, spectroscopically.  

 

5.4.1 FOURIER TRANSFORM INFRARED SPECTROSCOPY: (FTIR) [71] 

                    Fourier transform infrared spectroscopy generates time-domain spectra as 

the immediately available data, in which the intensity is obtained as a function of time. 

Fourier transform is introduced to inspect frequency-domain spectra from the 

corresponding time-domain waveform since direct observation of a time domain 

spectrum is not possible. It is the only analytical tool which provides both ambient 

temperature operation and the ability to directly monitor the vibrations of functional 

groups which characterize molecular structure and govern the course of chemical 

reactions 
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5.4.1.1 Principle of FTIR: [72] 

                      In infrared spectroscopy, IR radiation is passed through a sample. Some 

of the infrared radiation is absorbed by the sample and some of it is passed through 

(transmitted). The resulting spectrum represents the molecular absorption and 

transmission, creating a molecular fingerprint of the sample. An infrared spectrum 

represents a fingerprint of a sample with absorption peaks which correspond to the 

frequencies of vibrations between the bonds of the atoms making up the material. 

Because each different material is a unique combination of atoms, no two compounds 

produce the exact same infrared spectrum. Therefore, infrared spectroscopy can result 

in a positive identification (qualitative analysis) of every different kind of material. In 

addition, the size of the peaks in the spectrum is a direct indication of the amount of 

material present. With modern software algorithms, infrared is an excellent tool for 

quantitative analysis. 

 

 

 

 

 

 

 

 

 

 

5.4.1.2 Applications of FTIR:[72] 

❖ It can identify unknown materials. 

❖ It can determine the quality or consistency of a sample.  

❖ It can determine the number of components in a mixture. 

5.4.2 SCANNING ELECTRON MICROSCOPE: (SEM) [73] 

                    A scanning electron microscope (SEM) scans a focused electron beam over 

a surface to create an image. The electrons in the beam interact with the sample, 

producing various signals that can be used to obtain information about the surface 

topography and composition. It is a powerful magnification tool that utilizes focused  
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beams of electrons to obtain information. The high resolution, three dimensional images 

produced by SEM, provides topographical, morphological and compositional 

information, makes them invaluable in a variety of science and industry applications. 

 

5.4.2.1 Principle of SEM: 

SEM uses an electron beam instead of a beam of visible light in an optical 

microscope, which is directed towards the specimen under examination. When a 

specimen is hit with a beam of the electrons known as the incident beam, it emits X- 

rays and three kinds of electrons: primary back scattered electrons, secondary electrons 

and Auger electrons. The SEM uses primary back scattered electrons and secondary 

electrons. The electrons interact with atoms in the sample, producing various signals 

that contain information about the sample’s surface topography and composition. The 

electron beam is generally scanned in a raster scan pattern and the beam’s position is 

combined with the detected signal to produce an image. 

 

 

 

 

 

 

 

 

 

  

5.4.2.2 Applications of SEM: 

            SEM can detect and analyse surface fractures, provide information in 

microstructures, examine surface contamination, reveal spatial variations in chemical 

compositions, provide qualitative chemical analyses and identify morphology of the 

crystalline structures. SEM can be essential research tool in fields such as life sciences, 

biology, gemmology, medical, forensic science and metallurgy. SEM has practical, 
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industrial and technological applications such as semiconductor inspection and 

assembly of microchips for computer. 

5.4.3 X – RAY POWDER DIFFRACTION: (XRD) [74] 

                  X-ray – diffraction is a rapid analytical technique used for phase 

identification of crystalline material and can provide information on unit cell 

parameters. The atomic planes of a crystal cause an incident beam of X-rays to interfere 

with one another as they leave the crystal. The phenomenon is called X-ray diffraction. 

The X-ray diffraction pattern of a pure substance is, therefore, like a fingerprint of the 

substance. The powder diffraction method is thus ideally suited for characterization and 

identification of polycrystalline phases.  

5.4.3.1 Principle of X- ray diffraction: 

             The distance between the plans of atoms that constitute the sample can be 

measured by applying Bragg's Law. 

             Bragg's Law is nλ=2d sinθ, where the integer n is the order of the diffracted 

beam, λ is the wavelength of the incident X-ray beam, d is the distance between adjacent 

planes of atoms (the d-spacings), and θ is the angle of incidence of the X-ray beam. 

5.4.3.2 Advantages of XRD: 

❖ Measure the average spacings between layers or rows of atoms  

❖ Determine the orientation of a single crystal or grain  

❖ Find the crystal structure of an unknown material  

❖ Measure the size, shape and internal stress of small crystalline regions. 
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4. WORK PLAN 
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5. MATERIALS & METHODS 

 Annapavala Chendhuram is the type of chenduram, belongs to the 32 types of 

internal medicine in Siddha system. The preparation of this drug has treatise by G. D. 

Naidu in his Siddha pharmacopoeia.  

5.1.1 Ingredients of Annapavala chenduram: [10] 

S. No Tamil Name Botanical/Chemical name Quantity 

1. Annabedhi Ferrous sulphate 227 gms 

2. Kodipavalam Corallium rubrum 170 gms 

3. Elumichai Citrus limon Required 

amount 

 

5.1.2 Steps involved in the preparation of Annapavala chenduram: 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Procurement of raw drugs 

Authentication of raw drugs 

Purification process 

Grinding of drugs with lemon 

juice and made it as villai 

Incineration with 300 cow 

dung cakes  

Final drug –  

Annapavala chenduram 
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5.1.3 Procurement of the raw drug: 

                The raw drug Annabedhi and kodipavalam were procured from the 

authenticated raw drug shop at Chennai. Lemon was procured from the Vegetable 

market, Tambaram, Chennai. 

5.1.4 Authentication of the raw drugs: 

               Department of Geology, University of Madras, Chennai authenticate the 

Kodipavalam and Annabedhi samples by analysing the microscopical characters and 

literature sources. 

5.1.5 Purification process of raw drugs:  

❖ Annabedhi:[16] 

Annabedhi was soaked in Lemon juice for 3 days and made it dry under the shade 

in earthen vessel. 

❖ Kodipavalam:[16] 

Kodipavalam was soaked in the lemon juice for 3 days in an earthen vessel. It was 

kept under the sunlight for 3 days. After that, on 4th day kodipavalam was washed 

with the water and wiped with cloth. 

5.1.6 Preparation method of Annapavala chenduram:[10] 

            The trial drug Annapavala chenduram was prepared in the Gunapadam 

Laboratory, National Institute of Siddha, Chennai. The purified Kodipavalam and 

Annabedhi were made into a fine powder separately and both powders were placed in 

kalvam (mortar). It was ground well with lemon juice for six hours. Then it was made 

in to villai (pellets) and dried in sunlight. The pellets were kept into an earthen vessel 

which was closed with another vessel and 7 clay cloth made to the margin of earthen 

vessels and the set up was dried in sunlight for one day. After that, it was kept in a deep 

pit and subjected to the pudam process (incineration process) was done with 300 cow 

dung cakes. Once it cools, the pudam was opened and the pellets were taken out. The 

collected pellets were weighed, grounded well to make the powder and stored in a clean, 

dry, airtight glass container. 

Dose: 120 – 260 mg 

Adjuvant: Honey, Ghee, butter or impural legiyam. 
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Indication: Kasam (cough), swasakasam (bronchial asthma), Shayam (pulmonary 

tuberculosis), raktha ushnam (bleeding disorders), pitha ushnam (pitha diseases), mega 

ushnam (mega diseases) and aththi juram (bone tuberculosis). This chenduram may be 

given for all diseases with suitable adjuvant as an alternative medicine. 

Purification of Raw drugs 

 

 

           

 

     

           

  

 

 

 

      Annabedhi – Before purification                      Annabedhi – After purification 

 

 

 

 

 

 

 

 

 

     Kodipavalam – Before purification                Kodipavalam – After purification 
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Preparation method of Annapavala chenduram 

 

 

  

 

 

 

 

 

                  Fine powder of Annabedhi                 Fine powder of Kodipavalam 

 

  

 

 

 

 

 

 

                Annabedhi and Kodipavalam                                   Villai in clay sealed  

                                                                                                         earthen vessel 

                 grinding with lemon juice                         

 

 

 

 

  

 

 

                                                                                                Final drug 

Incineration with 300 cow dung cakes    
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5.2 STANDARDISATION OF THE ANNAPAVALA CHENDURAM: 

5.2.1 Qualitative analysis of Annapavala chenduram for acid & basic radicals: 

Preparation of the extract:  

            5gm of Annapavala chenduram is weighed accurately and placed in a 

250ml clean beaker and added with 50ml of distilled water. Then it is boiled well for 

about 10 minutes. Then it is cooled and filtered in a 100ml volumetric flask and made 

up to 100ml with distilled water. This preparation is used for the qualitative analysis of 

acidic/basic radicals and biochemical constituents in it. The biochemical analysis of 

Annapavala Chendhuram was done at Biochemistry Lab, National Institute of Siddha, 

Chennai-47. 

 

 

S. No Experiment Observation 

1. Appearance of the sample Brownish red in colour. 

2.  
1.1.1.1 Solubility: 

a. A small quantity of the sample was 

shaken well with distilled water. 

b. A little quantity of the sample was 

shaken well with con. HCl / Con. 

H2So4. 

 

Sparingly soluble. 

 

 

Completely soluble. 

3. Action of heat: 

             A small amount of the sample is 

taken in a dry test tube and heated gently at 

first and then strong. 

 

 

White fumes evolved. 

4. Flame test: 

            A small amount of the sample is 

made into a paste with con. HCL in a watch 

glass and introduced into non – luminous part 

of the Bunsen flame. 

 

 

Bluish green flame 

appeared. 

5. Ash test: 

           A filter paper is soaked into a mixture 

of sample and cobalt nitrate solution and 

introduced into the Bunsen flame and 

ignited. 

 

 

 

No yellow colour flames. 
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Test for acid radicals of APC: 

S. No Experiment Observation 

1. Test for Sulphate: 

       2ml of the extract is taken in a test tube 

to this added 2ml of 4% ammonium oxalate 

solution. 

 

Cloudy appearance 

present. 

2. Test for chloride: 

       2ml of the extract is added with dil. 

Hno3 till the effervescence ceases. Then 2ml 

of silver nitrate solution is added. 

 

Cloudy appearance 

present. 

3. Test for Phosphate: 

       2ml of the extract is treated with 2ml of 

ammonium molybdate solution and 2ml of 

Con. Hno3. 

 

Cloudy yellow 

appearance present. 

4. Test for Carbonate: 

       2ml of the extract is treated with 2ml 

magnesium sulphate solution. 

 

Cloudy appearance 

present. 

5. Test for Nitrate: 

       1gm of the substance is heated with 

copper turnings and concentrated H2So4 and 

viewed the test tube vertically down. 

 

Characteristic changes 

present. 

6. Test for sulphide: 

       1gm of the substance is treated with 

2ml of con. HCL.  

 

Rotten egg smelling gas 

evolved. 

7. Test for Fluoride & Oxalate: 

        2ml of extract is added with 2ml of dil. 

Acetic acid and 2ml calcium chloride 

solution and heated. 

 

Cloudy appearance 

present. 

8. Test for Nitrite: 

        3 drops of the extract is placed on a 

filter paper on that 2 drops of acetic acid and 

2 drops of benzidine solution is added. 

 

Characteristic changes 

present. 
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Test for Basic radicals of APC: 

 

 

 

S. No Experiment Observation 

9 Test for Borate: 

         2 pinches of the substance are made into 

paste by using sulphuric acid and alcohol 

(95%) introduced into the blue flame. 

 

Bluish green color 

flame appeared. 

S. No Experiment Observation 

1. Test for Lead: 

       2ml of the extract is added with 2ml of 

potassium iodide solution. 

 

Yellow precipitate 

present. 

2. Test for Copper: 

       2ml of the extract is added with excess 

of ammonia solution. 

 

Blue colour 

precipitate present. 

3. Test for Aluminium: 

       2ml of the extract is added with excess 

drops of sodium hydroxide. 

 

Characteristic 

changes present. 

4. Test for Iron: 

       2ml of the extract is treated with 2ml of 

ammonium thiocyanate solution. 

 

Mild red colour 

present. 

5. Test for Zinc: 

        2ml of the extract is added with excess 

drops of sodium hydroxide. 

 

White precipitate is 

formed. 

6. Test for Calcium: 

       2ml of the extract is added with 2ml of 

4% ammonium oxalate solution. 

Cloudy appearance 

and white precipitate 

present. 

7. Test for Magnesium: 

        2ml of extract is added with excess 

drops of sodium hydroxide. 

 

white precipitate 

present. 

8. Test for Ammonium: 

        2ml of extract is added with few ml of 

Nessler’s reagent and excess drops of 

sodium hydroxide. 

 

Brown colour 

appeared. 
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Miscellaneous test for APC:  

S. No Experiment Observation 

9.  Test for Potassium: 

       A pinch of the substance is treated 

with 2ml of sodium nitrite solution and 

then treated with 2ml cobalt nitrate in 30% 

glacial acetic acid. 

 

Yellow precipitate 

present. 

10. Test for Sodium: 

       2 pinches of substance are made into 

paste by adding HCL and introduced into 

the blue flame of Bunsen burner. 

 

Yellow colour flame 

present. 

11. Test for Mercury: 

       2ml of the extract is added with 2ml 

of sodium hydroxide solution. 

 

Yellow precipitate 

obtained. 

12. Test for arsenic: 

       2ml of the extract is treated with 2ml 

of sodium hydroxide solution.  

 

Brownish red 

precipitate is 

obtained. 

S. No Experiment Observation 

1.  Test for Starch: 

       2ml of extract is treated with weak 

iodine solution. 

 

Blue colour present. 

2. Test for Reducing sugar: 

       5ml of Benedict’s qualitative solution 

is taken in a test tube and allowed to boil for 

2 minutes and added 8 to 10 drops of the 

extract and again boil it for 2 minutes. 

 

Brick red colour 

present. 

3. Test for Alkaloids: 

       2ml of the extract is treated with 2ml of 

picric acid. 

 

Yellow precipitate 

obtained. 
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5.2.2 ANALYTICAL SPECIFICATION OF ANNAPAVALA CHENDURAM: [75] 

                The analytical specification of chenduram was done according to the protocol 

given by Pharmacopoeial Laboratory for Indian Medicine (PLIM), Dept of AYUSH, 

Ministry of Health and Family Welfare, New Delhi. Physico chemical analysis were 

carried out in Omegaa laboratories (Analytical testing and research center), Namakkal. 

 

Sl. No Tests 

1. Organoleptic characters: 

Colour  

Odour  

Taste 

2. pH 

3. Loss on drying at 105 degree C 

4. Particle size 

5. Total ash 

6. Acid –Insoluble ash 

7. Water soluble extractive 

8. Alcohol soluble extractive 

       9. SEM/XRD/EDX/XRF  

     10.  Lusterless 

     11.  Fine powder to enter within lines of finger 

     12.  Floats on water 

4. Test for Tannic acid: 

       2ml of the extract is treated with 2ml of 

ferric chloride solution.  

 

Black precipitate is 

obtained. 

5. Test for unsaturated compound: 

        2ml of the extract is added with 2ml of 

the potassium permanganate solution. 

Potassium 

permanganate is 

decolourised. 

6. Test for Amino acid: 

         2 drops of the extract are placed on a 

filter paper and dried well. 

 

Violet colour 

developed. 

7. Test for type of compound: 

          2ml of the extract is treated with 2ml 

of ferric chloride solution. 

 

Red colour 

developed. 
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     13.  Smokeless 

     14.  Tasteless 

 

5.2.2.1 Physico chemical analysis of Annapavala chenduram:  

 pH of the APC: [75] 

             pH value of the Annapavala Chendhuram were determined by using the 

suitable pH meter. 

Acid insoluble ash:  

           3 gm of Annapavala Chendhuram was incinerated in silica dish at a temperature 

not exceeding 450º until free from carbon. Then it was taken after cooled.  

          The ash was boiled for 5 minutes with 25 ml of dilute hydrochloric acid. The 

insoluble matter collected by using filter paper. Then it was washed with hot water and 

ignite to constant weight. Calculate the percentage of acid-insoluble ash with reference 

to the air-dried drug. 

Extract of Ether: (Total fat) 

               3gm of Annapavala Chendhuram was put in to an extraction thimble, 

extraction process continued for 6 hours with solvent ether. Filtered the extract 

quantitatively into a tared evaporating dish and evaporated off the solvent on a water 

bath. The residue was dried at 105º to constant weight. Then it was calculated and the 

percentage of ether-soluble extractive with reference to the air-dried drug. 

Determination of crude protein: [76] 

                Transfer 2gm of Annapavala chenduram in the kjeldahl flask. Add about 

10gm of potassium sulphate or anhydrous sodium sulphate, about 0.5gm of copper 

sulphate and 25ml of concentrated sulphuric acid. Place the flask in an inclined position, 

and heat below the boiling point of the acid until frothing ceases. Increase heat until the 

acid boils vigorously and digest for a time after the mixture is clear or until oxidation 

is complete. Cool the contents of the flask. Transfer quantitatively to the round bottom 

flask with water, the total quantity of water used to be about 200ml.  

                 Add a few pieces of pumic stone to prevent bumping. Add carefully the 

sodium hydroxide solution in quantity which is sufficient to make the solution alkaline 

by the side of the flask. Assemble the apparatus taking care that the tip of the dip tube 
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extends below the surface of the standard sulphuric acid in the receiver. Mix the 

contents of the flask by shaking and distil until all ammonia has passed over into the 

standard sulphuric acid. Titrate with standard sodium hydroxide solution.   

Determination of crude fibre: 

                  2gm of Annapavala Chendhuram weighed accurately and fat extracted for 

about 8 hours with petroleum ether using a Soxhlet apparatus. Transfer the fat-free dry 

residue to a one litre conical flask. Take 200ml of dilute sulphuric acid in a beaker and 

bring to the boil. Transfer the whole of the boiling acid to the flask containing fat free 

material and immediately connect the flask with a reflux water condenser and heat, so 

that the contents of the flask begin to boil within one minute. Continue boiling for 30 

minutes and filter through a fine linen funnel. Wash with boiling water until the 

washings are no longer acid to litmus.  Bring to the boil some quantity of sodium 

hydroxide solution under a reflex condenser.  

                  Wash the residue on the linen into the flask with 200ml of the boiling sodium 

hydroxide solution. Immediately connect the flask with the reflux condenser and boil 

for exactly 30 minutes. Remove the flask and filtering with cloth. Thoroughly wash the 

residue with boiling water and transfer to a gooch crucible prepared with a thin but 

compact layer of ignited asbestos. Wash the residue thoroughly first with hot water and 

then with about 15ml of 95% ethyl alcohol. Dry the gooch crucible and contents at 

105±1°C in the air oven to constant mass. Cool and weigh. Incinerate the contents of 

the gooch crucible at 600±20°C in a muffle furnace until all the carbonaceous matter is 

burnt. Cool the gooch crucible containing the ash in a desiccator and weigh.  

5.2.2.2 Siddha specification of Chendhuram: 

Floats on the water: 

            A pinch of the chenduram was sprinkled over the water in a vessel. The test 

drug was float on the water surface. It was noted.  

Finger lines test: 

Chendhuram should be very fine in manner. While the Annapavala chenduram 

taken between the thumb and index finger, it can fine enough to enter within the lines 

of fingers.  
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Tasteless: 

           Chenduram should be completely tasteless. This test was done by placing a pinch 

of the Annapavala chenduram at the tip of the tongue and then tasted.  

Lustreless: 

            If any shining particles present in the Chendhuram, it indicates the improper 

medicinal  

preparation. There should be no shining particles in the Annapavala Chendhuram. The 

Annapavala Chendhuram was taken in a petri dish and evaluated under the sunlight for 

any shining particles. 

5.2.3 SPECTROSCOPIC ANALYSIS: 

           Spectroscopic analysis for the characterisation of Annapavala Chendhuram were 

carried out in Avinashi lingam university, Coimbatore. 

5.2.3.1 Scanning Electron Microscopy (SEM) of APC:  

               The morphological features were recorded by FESEM (TESCAN MIRA 3) 

with an accelerating voltage of ~50 kV and an elemental composition was obtained 

using an energy-dispersive X-ray spectrometer. It is a fully PC-controlled scanning 

electron microscopes with a tungsten heated filament. 

 

 

 

 

 

 

 

 

 

5.2.3.2 Energy Dispersive X – ray analysis (EDAX) of APC: 

            Energy Dispersive X-Ray Spectroscopy (EDS or EDAX) is a chemical 

microanalysis technique used in conjunction with scanning electron 

microscopy (SEM). SEM uses energy dispersive X-ray spectroscopy (EDS) in the  

production of elemental maps, which accurately represent the distribution of elements  
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within the samples. The most typical use is elemental analysis, mineral orientation, 

morphology and contrast. 

                   

5.2.3.3 X- Ray diffraction measurement (XRD) of APC: 

             The sample was characterized by X’Pert PRO; PANalytical X-ray 

diffractometer using Cu Kα as the radiation source (λ =1.5406 Å) operated at 30 kV. 

The Sample was scanned from 10° to 80° at a scan rate of 1°s-1 at 2θ position. 

 

 

 

 

 

 

 

 

 

5.2.3.4 Fourier Transform Infrared Spectroscopy (FTIR) of APC: 

IRAffinity-1 is a compact Fourier transform infrared spectrophotometer that 

is housed within an elegant form. FTIR spectrometer (SHIMADZU) was used to 

analysis samples. The prepared powder samples were mixed with KBr in the ratio of 

1:100, and then, the pellets were prepared by subjecting it to a load of 5 tons cm3 and 

also a pellet-maker (hydraulic pellet pressure; Kimaya Engineers, India). The spectra 

were collected from wavelength of 4000 cm-1 to 400 cm-1 with 4cm-1 resolution 

over 40 scans. 
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5.3 TOXICITY STUDIES OF ANNAPAVALA CHENDURAM: 

                 To evaluate the safety profile of Annapavala Chendhuram, the acute and 

long-term toxicity study was conducted as per the WHO guidelines 1993.  

                 The complete study procedure of the animal experiments has been approved 

by the Institutional Animal Ethics committee, National Institute of Siddha, Chennai. 

Institutional Animal Ethics Committee (IAEC) approval number: (NIS/IAEC-

VII/28082018/15). The animal study was carried out in Animal house of National 

Institute of Siddha, Tambaram sanatorium, Chennai.  

5.3.1 ACUTE TOXICITY STUDY OF ANNAPAVALA CHENDHURAM: 

 

 

 

 

 

 

 

 

 

Experimentation details of Acute toxicity study: 

  

 

 

 

 

 

 

 

Species : Wistar rats 

Sex : Male and Female 

weight at start of test : 160-200gm b.wt 

Acclimatization Period : 7 days prior to dosing 

Housing : Polypropylene cages 

Husbandry : 12-hour light/12-hour dark  

Room temperature  22°C (±3°)  

Relative humidity  30–70% 

Feed and Water : Rodent pellet feed 

  RO purified water ad libitum 

Identification : Animals were kept in individual 

  cages and marked with picric acid. 

Groups/treatment regimen : Grouped by randomisation 

Test guideline : WHO 

Length of exposure to   

test substance : Single Dose 

No of animals : 5Male + 5 Female /group 

Control group : Vehicle (Honey) 

Test group : Annapavala Chendhuram. 
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Grouping of acute toxicity animals: 

                  The total of 20 animals (10 male + 10 female) were included in acute toxicity 

study. These animals were divided into two groups such as control group and high dose 

group. Each group consists of 10 animals (5 male + 5 female). Honey was administered 

to the control group (group I) and high dose of test drug (250mg/kg b. wt) was given to 

the group II animals. 

Table 5.3.1: Grouping of acute toxicity study 

Route of administration:  

                   Test drug was administered through oral route. 

Administration of Dose: 

                  The animals were fasted (only food was withheld) for 12 hours and weighed 

prior to dosing. A single dose of the test drug (250mg/kg/body weight) was 

administered by oral gavage. The food was withheld for another 4hrs after dosing and 

administration of the drug. 

Experiment details of acute toxicity study:  

                 The both sex Albino rats of weighing 160-200 g were obtained from 

authorized animal breeders of the animal laboratory in TANUVAS, Madhavaram, and 

Chennai and stocked in the animal house at National Institute of Siddha, Chennai. 

Animals were housed in a cage at 25°C and have free access to standard rat pellet diet. 

The animals were treated with Annapavala Chendhuram by oral route for single dose 

on the 1st day and monitored for mortality and behavioural parameters for the first 4 

hours after drug administration. Body weight of the animal was monitored at weekly 

intervals. After that, on 14th day, animals of both groups were weighed and sacrificed 

under the injection of thiopental sodium (intra peritoneal). The toxicological effect was 

assessed on the basis of mortality and behavioural parameters. 

 

 Groups No. of Rat 

   

 Group I: Vehicle control (Honey) 10(5M+5 F) 

   

 Group II: Test drug (Annapavala chenduram) – 10(5M+5F) 

 250mg/kg b.wt  

   

       Total 20(10M+10F) 
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Observations: 

                 Observation was made and recorded systematically and continuously 

observed after the substance administration as per the guidelines. 

❖ Mortality, behavioural changes. 

❖ ½ hour, 1 hour, 2 hours,4 hours and up to 24- hour observation. 

❖ All rats were observed twice daily for 14 days. 

❖ Body weight was observed once in a week. 

❖ Feed intake was calculated daily. 

❖ Water intake was calculated daily. 

 

a. Cage-side observation 

            Clinical observation includes Mortality, convulsion, tremor, sedation, 

excitation, abnormal gait, motor coordination, piloerection, head movements, reactivity 

to touch, gripping, grooming, exophthalmos, diarrhoea, salivation, lacrimation, posture, 

dyspnoea, coma. 

b. Gross necropsy 

            At the end of the 14th day (15th day), all the animals were sacrificed by using the 

injection of thiopental sodium. Gross necropsy includes an examination of the external 

surface of the body, all orifices, cranial, thoracic and abdominal cavities and their 

contents. Brain, lung, heart, spleen, liver, kidney, uterus, testes, ovary of all animals. 

5.3.2 LONG TERM TOXICITY STUDY OF ANNAPAVALA CHENDHURAM: 

Experimental animals: 

❖ Species                      : Wistar rats 

❖ Sex                            : Male and female 

❖ Weight at start of rest: 160 – 250gm 

❖ Housing                    : Polypropylene cages bedding with husk 

❖ Husbandry              : 12 hr light/ 12 hr dark photoperiod, 

                                  22°C (±3º) and relative humidity 30 – 70 % 

❖ Feed and water       : Rodent pellet feed 

                                  RO purified water ad libitum 

❖ Identification          : Animals were kept in individual cages and marked with                               

 picric acid. 
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Experimentation details: 

 
                   Groups/treatment regimen        : Grouped by randomisation 
 

Test guideline                            : WHO 
 

Length of exposure to 
 

test substance                            : 90 days 
 

No of animas                            : 10 Male +10 Female/group 
 

Control group                           : Vehicle (Honey) 
 
                   Test groups                               : Annapavala Chendhuram (Low, Mid,                            

High dose) 

  

Grouping of animals: 

                  The total of 70 animals were included in this study. Albino rats of both sexes 

are divided into four groups. The first group treated as vehicle control and second, third, 

fourth group were treated with Annapavala Chendhuram Low dose, Mid dose, and 

High dose respectively. The number of animals were 10, 20, 20, 20 in the group of 

control, low, mid and high dose respectively.  

Table 5.3.1: Grouping of long toxicity study 

 

         

 

 

 

                                                                          Total 70 (35 M + 35 F) 

Dose calculation: 

Animal dose = Human dose × Conversion factor (Surface factor for 200gm rat = 

0.018) 

                         = 260 × 0.018 = 4.68mg / 200gm rat 

    

  Per kg rat = 4.68 × 5 = 23.4mg (25mg)    

Groups No. of Rats 
  

Group I: Vehicle control (Honey) 10(5M + 5F) 
  

Group II: APC- low dose (25mg/kg b.wt) 20(10M + 10F) 
  

Group III:  APC - Mid dose (125mg/kg 20(10M + 10F) 

b.wt)  
  

Group IV:  APC – High dose (250mg/kg 20(10M + 10F) 

b.wt)  
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❖ Low dose = 25mg / kg 

❖ Mid dose = 25 × 5 = 125mg / kg 

❖ High dose = 25 × 10 = 250mg / kg 

Experimentation details of long-term toxicity study: 

                 The control animals were administered with honey as a vehicle. The other 

animals were treated with Annapavala Chendhuram by orally for 90 days and it was 

monitored for behavioural parameters for daily after drug administration. Body weight 

of the animal was monitored at weekly intervals. The food and water intake were 

calculated daily. All animals were weighed and sacrificed at the end of the study (91 

days) by using the injection of thiopental sodium. Mortality and behavioural parameters 

were observed throughout the study. Blood was collected from the anaesthetized 

animals from the abdominal aorta and the following investigations like Haematology, 

Biochemical analysis and Histopathology were done. 

Observations: 

                 Experimental animals were kept under observation throughout the course of 

study for the following 

❖ Mortality, behavioural changes 

❖ All rats were observed twice daily for 90 days 

❖ Body weight was observed once a week. 

❖ Feed intake was calculated daily. 

❖ Water intake was calculated daily. 

 

a. Cage-side observation 

               The animals were monitored for behavioural parameters like Alertness, 

Mortality, convulsion, tremor, sedation, excitation, abnormal gait, motor coordination, 

piloerection, head movements, reactivity to touch, diarrhoea, salivation, lacrimation, 

posture, dyspnoea, coma. 

b. Laboratory investigation: 

                 On the 91st day, the animals were fasted overnight, then anaesthetized to 

collect blood samples from the abdominal aorta in two tubes: one with EDTA for 

haematological parameters, another one without any anticoagulant and was centrifuged  
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at 4000 rpm at 40C for 10 minutes to obtain the serum for biochemical parameters. 

c. Clinical Biochemistry 

            At the end of the study, the animals were sacrificed, blood was collected in all 

the overnight fasted rats, through abdominal aorta. The blood sample was processed for 

the below- mentioned investigations Lipid profile test (total cholesterol, HDL, LDL, 

VLDL, triglycerides) Liver function test (AST, ALT, total bilirubin), Renal function 

test (creatinine, urea). 

d. Haematological Investigation: 

               Blood samples of control and experimental rats were analysed for haemoglobin 

(Hb), total red blood corpuscles (RBC), White blood corpuscles (WBC) count, platelet, 

mean corpuscular volume (MCV), Mean corpuscular haemoglobin (MCH), DC were 

calculated by an auto analyser. 

e. Histopathology 

             The organs included liver, kidney, spleen, brain, heart, lung and stomach of the 

animals were preserved, and they were subjected to histopathological examination. 

Control and high dose group animals were initially subjected to histopathological 

investigation. Various organs such as brain, heart, lung, liver, kidney, spleen, stomach, 

uterus, testes, ovary were collected from all the animals and preserved in 10% buffered 

neutral formalin, sliced, 5 or 6μm sections and was stained with Haematoxylin and 

Eosin. Examined for histopathological changes. 

 

f. Statistical analysis: 

               Findings such as body weight changes, food consumption, water intake, 

haematology and biochemical analysis were subjected to One-way ANOVA Dunnett’s 

test using a computer software program followed by Graph Pad in stat 3. 
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                                                        6. RESULTS 

 

            As per the literature, Annapavala chenduram was prepared and the Siddha 

specification of chenduram and physicochemical and spectroscopical analysis were 

done as per the guidelines given by Protocol for testing of Ayurvedic, Siddha & Unani 

medicines (PLIM guidelines), Department of AYUSH, Ghaziabad. After the 

preliminary analysis of the test drug, safety study was done on animals with the 

Annapavala chenduram. Results of these studies are as follows. 

6.1 Quality control analysis of APC: 

6.1.1 SIDDHA SPECIFICATION OF CHENDURAM: 

                     According to literature, the chenduram must be reddish [17] in colour, 

odorless, lusterless, smokeless on heating, micro fine in nature and weightless. The 

observed Siddha parameters of Chenduram are listed below in Table 6.1.1. 

1.1.1.2 Table 6.1.1 Organoleptic characters of Annapavala chenduram 
 

No Parameter APC 

1. Colour Brownish red 

2. Odour No odour 

3. Taste No taste 

4. Touch Smooth 

5. Appearance Powder 

 

6.1.2 Siddha specifications of Annapavala chenduram: 

Table 6.1.2 Siddha standardization of Chenduram 

N

o 

Parameter APC 

1

. 

Irreversibility  Irreversible 

2 Luster Nil 

3

. 

Smoke (heating) Nil 

4

. 

Weight (sprinkle test) Floats in the water 

5

. 

Fine enough enter within the 

lines of finger 

Enter into the finger 

lines 
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6.1.3 Physicochemical properties of APC: 

 The pH of Annapavala Chendhuram was 8.34. APC sample contains 

0.56% acid insoluble ash. Solubility of APC in the water was 6.75%. Crude protein and 

Crude fiber present in the samples were 0.32% and 5.34% respectively. Energy in APC 

was 30.8 Kcal. Ether extract of APC was 1.28%. Total carbohydrate and Total organic 

carbon were 25.40% and 2.14% respectively. Physico chemical properties of the APC 

have shown in Table 6.1.2. 

Table 6.1.3 Physicochemical analysis of APC 

 

No Parameter APC 

1 pH 8.34 

2. Acid insoluble ash 0.56% 

3. Solubility in water 6.75% 

4. Crude protein 0.32% 

5. Crude fiber 5.34% 

6. Energy 30.8 Kcal 

7. Ether extract (Total fat) 1.28% 

8. Total carbohydrate 25.40% 

9. Total organic carbon 2.14% 

 

6.1.4 Qualitative analysis of APC: 

Test for acid and basic radicals is a very basic study which helps to identify 

the presence of elements qualitatively and helps in the quantitative estimation of the 

same. The acid radicals present in the APC were sulphate, chloride, phosphate, 

carbonate and nitrate. The basic radicals present in the drug were Aluminium, zinc, 

Iron, calcium, magnesium, potassium and sodium. 
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Table 6.1.4 Test for acid radicals 

Sl. No Test APC  

1. Test for sulphate + 

2. Test for chloride + 

3. Test for phosphate + 

4. Test for carbonates + 

5. Test for sulphide - 

6. Test for nitrate + 

7. Test for fluoride and oxalate _ 

8. Test for nitrite _ 

9. Test for borate _ 

 

Table 6.1.5 Test for basic radicals 

Sl. No Test APC  

1. Test for lead _ 

2 Test for copper _ 

3 Test for aluminium + 

4 Test for iron + 

5 Test for zinc + 

6 Test for calcium + 

7 Test for magnesium + 

8 Test for ammonium - 

9 Test for potassium + 

10 Test for sodium + 

11 Test for mercury - 

12 Test for arsenic - 
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Table 6.1.5 Miscellaneous test for APC 

 

  

 

 

 

 

 

 

Acid and basic radicals present in APC: 

              

                                                       Table 6.1.6 Acid and Basic radicals in APC 
 

Acid radicals present sulphate, chloride, phosphate, carbonate and nitrate 

Basic radicals present Aluminium, zinc, Iron, calcium, magnesium, 
potassium and sodium 

Miscellaneous Alkaloids 

 

6.2 QUANTITATIVE ANALYSIS OF APC: 

6.2.1 Scanning Electron Microscopy of APC: (SEM) 

                  The SEM image of Annapavala Chendhuram showed the presence of 

uniform distribution of particles in the lower magnifications. If we closely observe the 

higher magnification SEM, the particles are agglomerated and form big particles. The 

particle size is estimated to about 200nm.  There is no distinct features or shape is 

observed in the SEM image. 

Sl. No Test APC  

1. Test for starch - 

2. Test for reducing sugar - 

3. Test for alkaloids + 

4. Test for tannic acid - 

5. Test for unsaturated compound - 

8. Test for amino acid - 
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Fig 6.2.1 SEM image of APC at 2.36 KX magnification 

 

 

 

 

 

 

Fig 6.2.2 SEM image of APC at 10.0 KX magnification 

 

 

 

 

 

 

 

Fig. 6.2.3 SEM image of APC at 20.0 KX magnification 
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Fig 6.2.4 SEM image of APC at 35.0 KX magnification 

 

 

 

 

 

 

 

 

6.2.2 Energy Dispersive X – ray analysis (EDAX) of APC: 

In Annapavala Chendhuram the mass percentage of carbon, oxygen, iron, 

magnesium, Sulphur, Chlorine, Calcium are 5.41, 39.75, 5.43, 2.21, 12.29, 0.86, 34.05 

respectively. (Table 6.2.1) 

 

Table 6.2.1 Elemental composition of APC 

 

 

 

 

  

 

 

 

 

 

Element Weight% Atomic% Net 
Intensity 

Error% 

C 5.41 10.29 25.25 11.15 

O 39.75 56.72 204.16 9.34 

Fe 5.43 2.22 10.89 13.24 

CO 0.00 0.00 0.01 99.99 

Mg 2.21 2.08 19.77 8.78 

S 12.29 8.75 78.96 4.29 

Cl 0.86 0.55 4.41 29.77 

Ca 34.05 19.39 93.18 4.54 
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Graph 1: Elemental composition of APC 

 

6.2.3 X – Ray diffraction analysis of APC: 

                 The XRD spectra depicts the structural composition present in the prepared 

Annapavala Chendhuram. The obtained peaks can be attributed to various possible 

compounds that may be present in the drug which is produced using the standard 

procedure as described earlier. Among them here, the peaks are determined and indexed 

based on the Fe2O3 phases extracted from the JCPDS-card-no.00-039-1346 and 

JCPDS-card-no. 00-033-0665. The dominating peaks are quite visible and attributed to 

the Fe2O3 and indexed as (040) and (311). The phases such as (211), (102) (511) and 

(441) are extracted from the Fe2O2CO3 and some of the other peaks could also indexed 

in the form of Fe based oxide with and without silica. 
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Graph 2: X – Ray diffraction of APC 

6.2.4 Fourier Transform Infrared Spectroscopy: (FTIR) 

                    In the FTIR spectra analysis, Annapavala Chendhuram exhibits the peaks 

at wavenumber of  3587 and 3672, 3340, 2360, 2970, 1743, 1388, 1126, 956, 871, 671, 

563, 516, 493, 447, 424cm-1 having the O-H stretch, N-H stretch, C-CH3 stretch, C=O 

stretch, C-H stretch, C-O-C stretch, Fe – O stretch which is mentioned at Table.6.2.2. 

The expanded region of the FTIR spectra between 4000 - 1500 cm-1 looks complex as 

there are many peaks present in this region. 
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Table 6.2.2 FTIR spectral details of APC 

 

 

 

 

 

 

 

 

 

 

 

 

FTIR peaks (cm-1) Vibrational modes Functional group 

3587, 3672 O-H stretch Alcohol group 

3340 N-H stretch Amine group 

2360, 2970 C-H stretch Alkane group 

1743 C=O stretch Carbonyl group 

1388 C-H stretch Alkane group 

1126 C-O-C stretch Esters 

871 – 671 Fe – O stretch Alkyl halides 

563 – 424 Fe – O stretch Alkyl halides 
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6.3 TOXICITY STUDY: 

6.3.1 Acute toxicity study: 

Acute toxicity study of APC was conducted as per WHO guidelines. No 

mortality or treatment related toxicity was noted in any animals during the 

experimental period. The animals were gained bodyweight gradually. (Table 6.3.1) 

There was no significant difference between the control & treated groups in food and 

water intake throughout the study period. Normal signs were noted in skin, fur, eyes, 

mucous membranes, salivation, and sleep in control and treated animals. No other 

signs like tremors, convulsions, lethargy, coma, diarrhea were observed during the 

study period. (Table 6.3.2) No pathological changes were observed in the vital organs 

of all groups during necropsy.  

Table 6.3.1 Body weight changes (gm) in acute toxicity 

 

Group 0th day 7th day 14th day 

Control group (honey) 204±40.21 210±38.50 221.4±43.34 

High dose group 206±36.27 215±41.17 223.2±49.60 

 

Table 6.3.2 Effect of Annapavala Chendhuram on behavioral parameters 

of Wistar albino rats 

 

1.alertness 2. aggressiveness 3. pile erection 4. grooming 5. gripping 6. touch response 

7. Decreased Motor Activity 8. Tremors 9. convulsion 10. Muscle spasm                        

11. Catatonia 12. Muscle relaxant 13. Hypnosis 14. Analgesia 15. Lacrimation 16. 

Exophthalmos 17. Diarrhoea 18. writhing 19. respiration 20. mortality 

 

(+) Presence of activity 

(-) Absence of activity 

Group 1 2 3 4 5 6 7 8 9 1

0 

1

1 

1

2 

1

3 

1

4 

1

5 

1

6 

1

7 

1

8 

1
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2

0 

Control 

group 

(honey) 

+ - - + + + - - - - - - - - - - - - + - 

High 

dose 

group  

+ - - + + + - - - - - - - - - - - - + - 
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6.3.2 Long term toxicity study (90 Days): 

             There was no mortality and treatment associated toxicity noted in all groups 

during the experimental period. 

Effect of APC on body weight: 

 

The animals in all groups gained body weight throughout the study period. 

There were no significant differences observed in the body weight of control and the 

treated groups. (Table 6.3.3 and Graph 6.3.1) 

Table 6.3.3 Effect of Annapavala Chendhuram on Body weight changes of 

Wistar rats in a long-term toxicity study 

 

Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in Low, Mid, 

High dose groups, one – way ANOVA followed by Dunnett’s test. Significant indicates 

that *P<0.05, **P<0.01 

 Control Low Mid High 

Day 1 198.3±29.74 198±29.77 176.45±24.73 194.35±33.27 

Day 15 206.4±33.09 213.6±31.55 208.75±40.64 217.65±46.06 

Day 30 216.45±37.49 214±33.83 213.1±40.87 220.65±45.85 

Day 45 221.95±37.68 227.4±41.21 224.5±44.31 235.6±45.8 

Day 60 233.55±42.94 240.55±48.04 228.65±43.8 245.8±50.2 

Day 75 241±46.51 244.15±50.03 233.2±48.26 256.95±52.6 

Day 90 256±51.41 260.8±53.95 251.1±59.16 265.45±58.84 



78 | P r e c l i n i c a l  s a f e t y  e v a l u a t i o n  o f  A n n a p a v a l a  C h e n d u r a m  

 

 

 

Graph 6.3.1 Body weight changes of APC treated Wistar rats 

 

Influence of APC in food and water intake: 

Water intake and feed intake of the control and drug treated animals were found 

to be normal throughout the study period. Feed and water intake of animals was 

assessed daily for 90 days. APC treatment did not influence any changes in the intake 

of food and water. Changes of feed intake in APC treated various group animals 

mentioned in table 6.3.4 and graph 6.3.2. Water intake of Wistar albino rats given in 

Table 6.3.5 and graph 6.3.3. 

Table 6.3.4 Effect of Annapavala Chendhuram on feed intake of Wistar rats 

 

 

Feed Control Low Mid High 

Day 1 
41±1.41 42.5±2.08 43±2.16 43.5±2.38 

Day 15 
43.5±2.12 45.5±2.08 44.75±1.25 47.75±1.25 

Day 30 
46.5±2.12 47.25±2.98 48.25±2.36 50±0.81 

Day 45 
47.5±3.5 50.25±2.87 51.25±2.21 53±0.81 

Day 60 
54.5±0.70 53.25±2.21 53±1.63 55.75±1.70 

Day 75 
56±2.82 56.25±1.25 55.5±1.29 57.75±2.64 

 

Day 90       59±1.41 59±2.16 57.5±1.29 60.75±2.21 
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Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in Low, Mid, 

High dose groups, one – way ANOVA followed by Dunnett’s test. Significant indicates 

that *P<0.05, **P<0.01 

Graph 6.3.2 Feed intake of APC treated Wistar rats 

 

Table 6.3.5 Effect of Annapavala Chendhuram on water intake of Wistar rats 

 

Control Low Mid High 

Day 1 

71±1.41 71.5±1.5 71.75±2.06 72.75±1.29 

Day 15 

75.5±0.70 71.75±0.95 74.25±1.70 76±1.82 

Day 30 

81±1.41 80.75±0.95 79.75±1.70 81±1.82 

Day 45 

83.5±0.70 85.75±0.95 84±2.94 84.75±0.95 

Day 60 

86.5±0.70 86±1.82 85.75±2.5 87.5±1.29 

Day 75 

91.5±2.12 90.75±1.70 90.5±2.08 92.25±1.70 

 

Day 90 94±1.41 94±2.16 96.25±1.5 96.5±1.29 
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Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in Low, Mid, 

High dose groups, one – way ANOVA followed by Dunnett’s test. Significant indicates 

that *P<0.05, **P<0.01. 

Graph 6.3.3 Water intake of APC treated Wistar rats 

 

Haematological parameters: 

                Haematological parameters were assessed in APC treated animals at end of the 

study and the results were recorded. It has shown in Table 6.3.6.  

Table 6.3.6 Effect of APC haematological parameters of Wistar rats 

 Control Low Mid High 

RBC (×106µ/l) 8.16±0.65 7.96±0.93 8±0.76 8.27±0.83 

WBC(×103µ/l) 8.57±1.67 8.13±0.95 8.15±0.9 8.60±1.27 

Haemoglobin 

(gm/dl) 

13.65±1.62 13.96±1.76 14.24±1.27 14.96±1.50 

Platelets(×103µ/l) 720.1±133.2 794.35±104.3 843.1±72.22 815.15±103.14 

MCH (pg) 18.03±1.19 18.12±1.08 17.94±1 17.88±1.48 

MCV (fl) 56.7±4.59 59.48±4.44 60.46±5 58.90±4.51 

Neutrophils (%) 2.93±0.63 3.17±0.55 2.85±0.7 3.08±0.53 

Eosinophils (%) 1.39±0.18 1.48±0.18 1.49±0.22 1.47±0.20 

Basophils (%) 0.1±0.3 0.15±0.35 0.2±0.4 0.15±0.35 

Lymphocytes 

(%) 

73.33±5.62 86.69±43.89 77.04±4.87 78.83±4.80 

Monocytes (%) 3.07±1.22 3.86±1.19 4±0.99 3.65±1.07 
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Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in Low, Mid, 

High dose groups, one – way ANOVA followed by Dunnett’s test. Significant indicates 

that *P<0.05, **P<0.01 

Graph 6.3.4 Hematological parameters of APC treated Wistar rats 

 

Graph 6.3.5 Hematological parameters of APC treated Wistar rats 
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Graph 6.3.6 Hematological parameters of APC treated Wistar rats 

 

Graph 6.3.7 Hematological parameters of APC treated Wistar rats 

 

 

 N – Neutrophils; E – Eosinophils; B – Basophils; L – Lymphocytes; M – Monocytes 
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Biochemical parameters: 

               Biochemical parameters were assessed in APC treated animals at end of the 

study and the results were recorded. It indicates the Liver function test, Renal function 

test and Lipid profile of APC treated animals which was compared with the control 

group.  

Hepatic parameters of APC: 

               Hepatic parameters were assessed for APC treated Wistar albino rats which 

was compared with the control group. This result revealed that no significant changes 

in liver parameters. All the parameters were normal within the limit. Liver function test 

of APC treated animals have shown in Table 6.3.7.  

Table 6.3.7 Effect of APC on Liver function of Wistar albino rats 

 Control Low dose Mid dose High dose 

T. 

Bilirubin 

0.4±0.14 0.42±0.12 0.44±0.13 0.43±0.11 

 

SGOT 83.6±5.73 84.8±5.68 85±6.14 84.6±5.86 

SGPT 18.2±7.24 26.15±6.80 24±5.98 26.85±5.42 

 Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in Low, 

Mid, High dose groups, one – way ANOVA followed by Dunnett’s test. Significant 

indicates that *P<0.05, **P<0.01. 

Graph 6.3.8 Hepatic parameters of APC treated Wistar rats 
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Graph 6.3.9 Bilirubin level of APC treated Wistar rats  

 

Renal parameters of APC: 

                 BUN and creatinine are the indicator for the renal function. This analysis 

was done at the end of the study. Test groups does not have any significant changes in 

levels of animals when compared to control group. BUN and creatinine levels of APC 

treated animals were normal compared to control group animals. It has shown in 6.3.8. 

Table 6.3.8 Effect of APC on Renal function of Wistar rats 

 Control Low dose Mid dose High dose 

BUN 13±2 14.3±2.49 15.15±2.1 14.45±2.33 

Creatinine 0.64±0.14 0.62±0.12 0.66±0.11 0.61±0.14 

 

Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in each treat 

groups, one – way ANOVA followed by Dunnett’s test. Significant indicates that 

*P<0.05, **P<0.01.        
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Graph 6.3.10 Renal function test of APC treated Wistar rats 

 

Lipid profile of APC: 

Lipid profile consists of total cholesterol, high density lipoprotein, low density 

lipoprotein, very low-density lipoprotein and triglyceride levels in blood serum of 

Wistar rats. Table 6.3.9 shown there was no significant changes in the lipid profile of 

animals when compared to the control group.  

Table 6.3.9 Effect of APC on Lipid profile of Wistar rats 

 

 Control Low dose Mid dose High dose 

T. 

Cholesterol 

130.6±18.74 124.85±10.33 122.93±10.06 129.96±7.36 

HDL 53.4±7.82 61.5±5.55 60.6±5.48 58.7±5.96 

LDL 60.2±12.60 61.15±11.44 64.6±10.74 62.9±10.53 

VLDL 16.43±2.39 14.76±1.77 14.95±2.37 16.99±1.98 

TG 34.2±6.83 35.1±6.83 35.45±5.63 32.8±6.97 
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Data expressed as Mean ± SD for N = 10 rats in control group and N = 20 in Low, Mid, 

High dose groups, one – way ANOVA followed by Dunnett’s test. Significant indicates 

that *P<0.05, **P<0.01.  

Graph 6.3.10 Lipid profile of APC treated Wistar albino rats. 
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HISTOPATHOLOGY REPORT OF LONG -TERM TOXICITY ANIMALS 

 (90DAYS) 

Histopathology of Brain (Male) 

   Control group                                                         High dose group 

      Low 10X magnification                                             Low 10X magnification 

 

 

  

 

 

 

 

 

       High 40X magnification                                             High 40X magnification

   

 

  

 

 

 

 

 

 

Control group: Regular marginal alignment on the neurons with promising histology 

were observed 

 

High Dose: No signs of pyknosis and perineural vacuolization. 
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Histopathology of Brain (Female) 

 

                       Control group                                                High dose group 

                 Low 10X magnification                               Low 10X magnification 

 

 

 

  

 

 

 

 

             High 40X magnification                                   High 40X magnification 

 

 

  

 

 

 

 

 

 

Control group: This report Shows normal histology of striatum. 

 

High Dose: Cerebellar section shows normal architecture of neurons. 
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Histopathology of Heart (Male) 

 

                   Control group                                                     High dose group 

              Low 10X magnification                               Low 10X magnification 

 

 

 

 

 

 

 

 

    High 40X magnification                                  High 40X magnification 

 

 

 

 

 

 

 

 

 

Control group: Showing the normal histological structure of myocardium. 

 

High dose: Fibrils and cross striations are equal distant. 
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Histopathology of Heart (Female) 

 

                 Control group                                                       High dose group 

       Low 10X magnification                                          Low 10X magnification 

 

 

 

 

 

 

 

 

 

         High 40X magnification                                          High 40X magnification 

 

 

  

 

  

 

 

 

 

Control group: Appearance of myofibrillar and cytoplasmic zone was normal 

 

High dose: Normal appearance of myocytes. 
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Histopathology of Lung (Male) 

 

                      Control group                                                High dose group 

                Low 10X magnification                             Low 10X magnification 

 

 

 

 

 

 

 

 

        High 40X magnification                                       High 40X magnification 

 

 

  

 

Control group: Arrangement of epithelial and muscular appears normal. 

 

High Dose: Bronchial opening appears regular with no signs of infiltration. 
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Histopathology of Lung (Female) 

 

                  Control group                                                High dose group 

            Low 10X magnification                                   Low 10X magnification                                                               

 

 

 

 

 

 

 

 

          High 40X magnification                                   High 40X magnification 

 

 

 

 

 

 

 

 

 

Control group: Alveolar epithelium and capillaries appears normal. 

 

High Dose: Inter alveoli septum and bronchioles appears normal. 
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Histopathology of Stomach (Male) 

 

                      Control group                                                    High dose group 

            Low 10X magnification                                        Low 10X magnification                                                               

             

 

  

             High 40X magnification                                   High 40X magnification 

 

 

Control group: Appearance of Sub-mucosa and gastric glands appear normal. 

 

High Dose: Appearance of glandular lumen was normal. 
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Histopathology of Stomach (Female) 

 

                  Control group                                                    High dose group 

            Low 10X magnification                                     Low 10X magnification                                                               

 

 

  

 

 

 

 

 

           High 40X magnification                                    High 40X magnification 

 

 

 

  

 

 

 

 

 

 

Control group: Mucosal wall appears normal with regular arrangement of connective 

tissue. 

 

High Dose: Gastric epithelium and mucosa appears normal. 
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Histopathology of Liver (Male) 

 

Control group                                                     High dose group 

         Low 10X magnification                                        Low 10X magnification                                                               

 

 

 

High 40X magnification                                  High 40X magnification 

 

  

 

 

 

 

 

 

 

Control group: Normal central vein, sinusoids and hepatocytes. 

 

High Dose: Cytoplasm appears normal with widen portal tract. 
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Histopathology of Liver (Female) 

 

                  Control group                                                    High dose group 

            Low 10X magnification                                       Low 10X magnification                                                               

 

 

 

 

 

 

 

 

 

             High 40X magnification                                  High 40X magnification 

 

 

 

 

  

 

 

 

Control group: Showing normal hexagonal hepatic lobules with normal, regular 

radiated hepatic cords. 

 

High Dose: Normal hepatocytes with occasional, appearance of variably pale necrotic 

changes was observed. 
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Histopathology of Kidney (Male) 

 

                  Control group                                                    High dose group 

            Low 10X magnification                                    Low 10X magnification                                                               

 

 

 

  

              High 40X magnification                                   High 40X magnification 

 

Control group: Showing normal, intact renal tubules as well as renal glomeruli. 

 

High Dose: Glomerular loop was normal with regular interstitium. 
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Histopathology of Kidney (Female) 

 

                  Control group                                                         High dose group 

            Low 10X magnification                                          Low 10X magnification                                                               

 

 

 

 

 

 

 

 

 

             High 40X magnification                                     High 40X magnification 

 

 

 

  

 

 

 

 

 

Control group: Showing normal, intact renal tubules as well as renal glomeruli. 

 

High Dose: Glomerular loop was normal with regular interstitium. 
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Histopathology of Spleen (Male) 

 

                     Control group                                                 High dose group 

            Low 10X magnification                                     Low 10X magnification 

  

       High 40X magnification                                      High 40X magnification 

 

 

 

 

 

  

Control group: PALS – periarterial lymphoid sheath was normal with no significant 

signs of enlargement. 

 

High Dose: Lymphoid follicles appears normal. 
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Histopathology of Spleen (Female) 

 

                     Control group                                                     High dose group 

              Low 10X magnification                                     Low 10X magnification 

 

 

      

      

  

 

 

 

              High 40X magnification                                  High 40X magnification 

  

 

 

  

 

 

 

 

 

Control group: PALS – periarterial lymphoid sheath was normal with no significant 

signs of enlargement. 

 

High Dose: Marginal sinus (MS) of the spleen and its sinus lining cells appears 

normal. 
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Histopathology of Uterus 

 

                     Control group                                                  High dose group 

            Low 10X magnification                                     Low 10X magnification 

 

   

 

  

 

 

 

 

 

              High 40X magnification                                High 40X magnification 

 

 

 

  

  

 

Control group: Regular histology of uterine epithelium and endometrial glands. 

 

High Dose: Arrangement of stratum basale, functionale and surface epithelium seems 

normal. 
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Histopathology of Ovary 

 

                     Control group                                                      High dose group 

            Low 10X magnification                                         Low 10X magnification 

 

 

 

 

  

  

High 40X magnification                                        High 40X magnification 

 

 

 

 

  

Control group: Granulosa cells around oocyte was normal and regular. 

 

High Dose: Appearance of antral follicle, primary oocyte and secondary follicles are 

normal. 
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Histopathology of Testes 

 

                     Control group                                                   High dose group 

             Low 10X magnification                                      Low 10X magnification 

 

 

 

 

 

 

 

 

            High 40X magnification                                     High 40X magnification 

 

 

  

Control group: Presence of mature somatic cells project the perfect histomorphology 

of testicular cells were observed. 

High Dose: Primary spermatocytes with large centred nucleus and dense chromatin 

were observed. 
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7. DISCUSSION 

 

  Rising popularity of Siddha system of medicine in recent years have 

increased the demand of Siddha preparations. It is challenging for the Siddha 

pharmaceuticals to produce the standard, genuine and safe drug in required quantity 

with utmost quality. Raw drug quality plays main role in the quality of preparatory 

medicines. The raw drugs of Annapavala Chendhuram such as annabedhi and 

Kodipavalam comes under the category of minerals. So, authentication for these 

minerals got from the Department of geology, University of Madras, Chennai. 

 Preparation of Chenduram and Parpam comprise the three procedures. (i.e.) 

Suddhi (Purification), Araippu (Grinding) and Pudam (Incineration). Purification 

process removes the impurities as well as enhances the drug activity.[75] The raw 

material annabedhi and kodipavalam purification process was done with lemon juice. 

After the purification, Annabedhi and kodipavalam loses its classical green and pink 

colour respectively. Lemon juice is a rich supplier of vitamin C and vitamin B complex, 

which acts as an intrinsic-factor in the absorption of iron in the body providing a 

synergistic effect. Acidic nature of lemon juice removes the impurity in raw materials 

and loss of water.[77] This reaction may be reason for colour changes after purification. 

 Standardisation of traditional medicine is the process of prescribing a set of 

standards and constant parameters that carry an assurance of quality, efficacy, safety 

and reproducibility of the drugs. [78] The analytical study was carried out with a view to 

know particular chemical configuration of the final product. Organoleptic characters of 

Annapavala chenduram have mentioned in Table 6.1. On organoleptic evaluation, 

Annapavala Chendhuram was brownish red in colour with no specific odour and taste. 

Specific colour of Chendhuram indicates the formation of specific compounds because 

each chemical compound possesses specific colour. Touch indicates physical properties 

such as smoothness, softness and fineness of Chendhuram. All the Siddha classical 

analytical parameters have definite significance. Siddha standardisation for 

Chendhuram given in Table 6.2. Floating of the test drug APC on the surface of the 

water indicated the weightless of the drug and Chendhuram enters into the creases of  
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fingers showed the micro fineness of the drug. 

Physico chemical analysis of APC mentioned in the Table 6.3. pH value 

represents alkalinity and acidic nature of formulation, pH of APC was 8.34. It was weak 

alkaline. pH of the drug plays main role in the drug absorption. The weak base is 

absorbed at a faster rate from the intestine (pH 7.50 – 8), this is because the basic 

substances can’t be ionized in basic medium. So, the uncharged substances can be 

passed easily due to its lipid solubility. This alkaline nature revealed that it would be 

absorbed well in the intestine. [79] 

The physical constant evaluation of the drug is an important parameter in 

detecting adulteration or improper handling of drugs. A high ash value is indicative of 

contamination, substitution, adulteration or carelessness in preparing the medicine. 

Acid insoluble ash in APC was 0.56%. This result gives an inference that the drug was 

prepared without any external contamination as this may affect the absorption of drug.  

Lower value of the acid insoluble ash suggests the greater physiological availability of 

the drug and gets easily digested in alimentary canal. [80] Crude protein and crude fibre 

present in the APC was 0.32% & 5.34% respectively. It indicated the protein and fibre 

amount in the Annapavala Chendhuram.  

 Presence of acid radicals in APC was sulfate, chloride, phosphate, carbonate 

and nitrate showed in Table 6.7. Chloride plays an important role for regulation of water 

balance, osmotic pressure, as well as acid base equilibrium. [81] Presence of nitrate 

stimulates the production of nitric oxide. Nitric oxide is important physiological 

signalling molecule that is used in, among other things, regulation of muscle blood flow 

and mitochondrial respiration.[82] Sulfate is a major contributor to the ionic strength of 

urine and alters the equilibrium constants governing saturation and precipitation of 

calcium salts.[83] Carbonate ions in the APC revealed that, pH and acid balance are 

regulated by the carbonate, as bicarbonate ions. [84]   Presence of phosphate ions which 

maintain blood sugar level, normal heart contraction, bone growth, and kidney function 

when consumed by human beings. [85]  

Presence of basic radicals in APC was Aluminium, zinc, Iron, calcium, 

magnesium, potassium and sodium was mentioned in Table 6.7. Sodium and potassium 
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of regulate the acid – base balance of the body fluids. Potassium ions are essential for 

contraction of cardiac and skeletal muscles. It is essential for the activity of nerves. 

Calcium present in body in great abundance. It is necessary for muscle contraction and 

normal transmission of nerve impulses. It is also played a vital role in the maintenance 

and regulation of acid-base balance. [86] Zinc is necessary to maintain the normal levels 

of Vitamin A in serum and the storage, secretion of insulin from the β – cells of pancreas 

require Zn. Iron mainly exerts its functions through the compounds in which it is 

present. Haemoglobin and myoglobin are required for the transport of O3 and CO2. Iron 

is associated with effective immune competence of the body. [87]  

Annapavala Chendhuram was scanned under FESEM to know the shape, size, 

arrangement and texture of particles. Chendhuram was well agglomerated. Most of the 

particles were very tiny (size 200nm), unarranged and irregular in shape with 

amorphous in nature. (fig 6.1 – 6.4) The SEM report and particle size analysis data 

indicated that the test drug obtained was nanometre in size. EDAX report showed the 

presence of carbon, oxygen, iron, magnesium, Sulphur, Chlorine, Calcium in different 

proportions, which proves that APC is a multi-mineral compound mentioned in Table 

6.8. Calcium is rich in the APC due to the presence of kodipavalam which contains 

85% calcium carbonate in raw drug. [88] 

 For the identification of the compounds present in the APC, XRD was carried 

out in which prominent peaks of ferric oxide were seen which confirms that final 

product is oxide form of ferrous.[33] Ferric means the iron atom has lost three electrons 

to form Fe+3, and ferrous means the iron atom has lost two electrons to form Fe+2. 

Studies done in ferric oxide revealed the same effect in iron metabolism compared with 

the ferrous form.[89] In the FTIR spectra, peaks range from 400 to 4000cm-1. The 

probable functional groups which can be correlated to some of the peaks present in the 

region are given Table 6.9. The region between the 400 to 1500cm-1 looks complex and 

many peaks (Fe-O) were exhibited in this range.  

This qualitative analysis on APC revealed that the medicine had prepared with 

authenticated raw drug and free from contamination. It revealed the combination of 

APC. 
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Annapavala chenduram is widely prescribed by siddha practitioners. Although, 

In the current literature no systematic information on toxicity is available on APC. 

Therefore, it was decided to conduct a toxicity study with WHO guideline, the research 

finding will not only add value to its ethnopharmacological profile, but also provides 

information on possible health hazards likely to arise from repeated administration over 

a limited period of time. In the acute toxicity study of APC, all the animals were found 

to be normal throughout the study periods. The high dose of APC (250mg/ kg) was 

administered as a single dose through oral route with honey. The animals were 

monitored for any behavioral abnormalities and mortality for 14 days. No mortality or 

morbidity was observed after the administration and also up to the end of the study 

period. The gross necropsy did not show any abnormality.[90] Body weight of these 

animals were observed 7 days once. There was gradual increase in the body weight of 

acute toxicity animals but no statistical significance was found between control and 

treated groups in body weight gain. [91]  

 In the Long - term toxicity study, the effect of APC on body weight during 90 

days treatment in rats was mentioned in Table 6.3.3. There was gradual increase in body 

weight of APC treated animals when compared to control during the experimental 

period. But no statistical significant was found in the body weight of the treated groups 

when compared with the control groups. The effect of feed and water intake of APC 

treated animals was mentioned in Table 6.3.4 and Table 6.3.5. There were no significant 

changes in feed and water intake when compared to the control group.  

The effect of APC on hematological parameters shown in Table 6.3.6 & 6.3.7. 

It reveals that there were no significant changes in the hematological and biochemical 

parameters. Serum enzymes such as Aspartate transaminase (SGOT), Alanine 

transaminase (SGPT) are useful biomarkers of liver injury. These are the enzymes 

found mainly in the liver, red blood cells, pancreas, heart, kidneys and biliary ducts of 

the liver. The levels of AST and ALT in serum are used to diagnose body tissues 

especially the heart and the liver is injured or not. [92] Research suggests that, when body 

tissues are damaged, additional AST and ALT are released into the bloodstream and 

raise the serum enzyme level. As a result, the amount of AST and ALT in the blood is 

https://www.sciencedirect.com/topics/nursing-and-health-professions/enzyme-blood-level
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directly associated with the amount of tissue damage. Parameters of liver function were 

within the normal limits when compared with the control group.   

               The kidney, an important organ of the renal system, plays a principal role 

in homeostasis by excreting urine. It achieves this by filtering waste products from the 

blood stream and converting the ultra-filtrate to urine. Measurements of some 

biological (biochemical) markers can demonstrate beneficial or harmful changes in 

kidney function, thereby serving as indices of renal function. Important biochemical 

markers that are often used for routine analysis of kidney function include creatinine, 

urea, uric acid. [93,94] The renal parameters not showed significant changes in treated 

groups when compared to the control group. The histopathological study on the organs 

such as brain, heart, lung, kidney, spleen, liver, stomach, uterus, ovary and testes were 

normal in high dose groups when compared to control. Normal levels of liver function 

and kidney function tests revealed that the safety of Annapavala chenduram. 
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8. SUMMARY 

 

❖ Raw drug of Annapavala chenduram was procured from the reputed shop in 

Chennai and got authentication from Department of Geology, University of 

Madras, Chennai. 

❖ As per the literature, APC was prepared in Gunapadam Laboratory, National 

Institute of Siddha, Tambaram sanatorium, Chennai. 

❖ Standardisation was done as per PLIM guidelines.  

❖ Physico – chemical analysis of APC revealed its quality standard. 

❖ Qualitative analysis of acid and basic radicals for APC showed the acid radicals 

such as sulphate, chloride, phosphate, carbonate and nitrate. The basic radicals 

present in the drug were Aluminium, zinc, Iron, calcium, magnesium, potassium 

and sodium. 

❖ The SEM analysis of the drug APC revealed that irregular shape and uniformity 

of the drug which was 200nm in size. 

❖ The EDAX associated with SEM showed the presence of elements like carbon, 

oxygen, iron, magnesium, Sulphur, Chlorine, Calcium. 

❖ The XRD patterns of samples indicated the presence of dominating peaks Fe2O3.  

❖ The FTIR analysis of APC revealed that the presence of alcohol, amine, alkane, 

carbonyl and alkyl halides (Fe- O) group which is ranged from 400 to                

4000cm-1. 

❖ Animal toxicity was done as per WHO guideline. 

❖ There was no mortality or drug related toxicity during acute toxicity study. 

❖ The long-term toxicity study did not show any toxic effects in the animals. 

❖ Hematological, Serological and histopathology reports revealed the no toxic 

effects during throughout the study period. 
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9. CONCLUSION 

 

                  Annapavala Chendhuram has been used for thyroid dysfunction by many 

practitioners. The qualitative and quantitative analysis of Annapavala Chendhuram was 

done as per PLIM guidelines. It revealed that the quality standard of drug. From the 

animal study, it is concluded that Annapavala chenduram along with proper adjuvant is 

not toxic on acute administration at a maximum oral dose level of 2000 mg/kg in Wistar 

rats. There was no mortality and drug related toxicity noted. In long term toxicity, 

hematological, biochemical and histopathological studies showed no significant 

adverse effects during the 90 days of the study. Hereby, safety of Annapavala 

chenduram has been proven through this study. Further efficacy studies and clinical 

trials on Annapavala Chendhuram will be more beneficial for the researchers and world. 
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❖ Institutional animal ethical committee certificate 

❖ Workshop on Research methodology certificate  

❖ Workshop on laboratory animal care and basic research technique 
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