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PREFACE

Sharira-kriya is the fundamental subject for the study of
Ayurveda. This subject explains all the basic concepts
starting from Triguna, Panchamahabhuta, Tridosha &
their sub-types, Dhatu, Upadhatu, Mala, Prakriti, Agni,
~ Dietetics, Digestion, Nutrition, Respiration and
Circulation. The subject also deals with the fundamental
concepts of Embrylogy and the formation of fetus.

If the concept of Sharira-kriya is understood correctly, all
other subjects, which depends on this subject like Vikriti
Vijnana and Kayachikitsa are also understood in proper
way. Many important concepts in Kayachikitsa like how
basti acts on Vata dosha, how basti treatment is effective in
joint disorders, why Sima Pitta is digested by herbs and
minerals having good smell are all based on the concepts

in Sahrira-kriya.

We have taken great care to include all the necessary
references from various classical texts like Charaka
Sambhita, Sushruta Samhita, Ashtanga Sangraha and
Ashtanga Hridaya with their explanations. These
explanations are according to the references and wherever
necessary, we have made them easier to understand by
adding examples from day to day life also. Syllabus of
Sharir kriya has an excellant blend of treasure of Ayurvedic
knowledge, supplemented by essential concepts from
Modern physiology (like cardiac cycle, ECG, Lung
function tests, Digestion etc.). This matter has been
included properly. So Students will not need to refer any
other beok for modern physiology. -
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We have also taken care to include line diagrams at proper
places to explain the points mentioned in the text, so that
the students will understand the subject better. The entire
book,has been written as per the syllabus of CCIM, New
Delhi and like our other text books, we are sure that
students and teachers will appreciate our work.

Prof. Subhash Ranade
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Tel. 91-20-25653630

E-Mail : drrrdeshpande@yahoo.com
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Chapter 1
Introduction

In Paper One of Sharira-kriya Vijnan we have discussed the
physiological aspect of Doshas. The main components of
human body are - Dosha, Dhatu & Mala. Now in this Paper
Two, we will learn about the remaining components e.g.
Dhatu & Mala. '

Human physiology deperds on balanced state of dosha,
dhatu & mala. Doshas are the main bio-energies which are
responsible for the physiological activities. These activities
take place through the media of dhatu & mala. Dhatus or
tissues can be called as the stabilizing pillars of the body
(‘9rond_ ¥1ad:’). Malas are excretory products formed during
metabolic activity of the body.

There are seven types of dhatus such as

1] Rasa 2] Rakta 3} Mamsa 4] Meda
5] Asthi 6] Majja 7] Shukra ‘

To understand the concept of health & disease, one should
first understand the concept of dhatu.

Etymology of the word dhatu is ‘g - ¥rafd’ which means
dharana, or to support the body. Dhatus are those
constituents which support the body. Well nourished dhatus
give strength to body & maintain health & immuniry.
Dhatus of weak quality are prone to diseases. Immunity &
strength of dhatu can be improved by rasayana chikitsa._

Dhatus & its Relation to Health
wda 3wl

The human body continuously undergo wear & tear process.
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Formation of new dhatus & destruction of old one is a
continuous process. During childhood rate of tissue
formation (anabolism) is rapid while in old age rate of tissue
deterioration (catabolism) is more.

Tissues are replenished by food, air & water. Ingested food
undergoes transformation. The process of transformation of
food is called as Pachana (Digestion). Digestion in annavaha
srotas is called as sthoola pachana (Primary phase of
digestion).

Sthula pachana is divided into three stages according to
predominance of rasas (tastes) in food. Madhura
avasthapaka, amla avasthapaka, katu avasthapaka are the
three phases of sthoola pachana. During this process ahara
rasa is formed from the ingested food, under the influence of
samana vayu & Agni. This ahara rasa gets absorbed from
grahani (small intestine) & is brought to the heart. Ahara
rasa consists of nutrients of seven dhatus. Dhatu receives
ahara rasa, which is pumped & propelled from heart to
various channels. Nutrients of each dhatu undergo further
transformation. In secondary phase of digestion, stable
tissues or sthayi dhatus are formed.

Dhatu-agni or tissue fire, ranjaka pitta and vyana vayu are
essential for the tissue formation during sukshma pachana.

For the formation of each dhatu a separate dhatu-agni or
dhatvgni is required. There are seven dhatu-agnis for seven

dhatus.

Agni located in each dhatu is called dhatu-agni. Hypo-
activity or hyperactivity of dhatu-agni results in excess or
depletion of tissue respectively.

‘TR AT 9T P |

At St wrqgfesaey@:’ I (A Hr.Su. 11/34)

The above verse also explains inter-relationship between
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jatharagni & dhatu-agni. The normal state of dhatu-agni is
essential for proper nourishment & formation of dhatu.

Following table indicates types of Agni in the body:

1. Jatharagni 1
2. Dhatvagni 7
3. Panchabhautik agni 5

Formation of Ahara rasa is a result of Sthula pachana. Ahara

rasa consists of nutrients of seven dhatus. Sukshma pachana
involves formation of sthayi dhatus (stable tissues) from the
poshaka dhatus (unstable tissues or nutrients) present in
ahara rasa.

Dhatu-poshana Nyayas
(Theories of tissue formation)

1) Kshira-dadhi nyaya - Theory of total transformation
2) Kedari-kulya nyaya - Theory of irrigation
3) Khale-kapota nyaya - Theory of selectivity.

We have already seen the detailed information of these three
theories in the first volume of Sharira kriya vijnana. Proper
formation of dhatu depends on balanced state of dhatu-agni
& also on well functioning of srotasas because,

‘TSSO T WA A wee: .
w9 ¥ F9aT 4Iq: MG 9a:’ 11 (Cha.Chi. 8/39)

Poshaka dhatus (nutrients) are acted upon by their respective
dhatu-agnis in the respective srotasas and from that poshya
dhatus or stable tissues are formed. (Cha. Chi. 8) This verse
explains importance of dhatu-agni as well as srotasas.
Deranged state of srotas also leads to malnutrition &
malformation of dhatus.

Concept of Srotas

The term ‘srotas’ means channel or system in which some
tissue or other material is formed, secreted or transported.
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Nirukti (Etymology) of Srotas

g wa’ |
The word srotas is derived from the Sanskrit dhatu - ‘sru’.
Meaning of ‘sru’ is to secrete, to permeate, to flow. The

structure through which substance is either secreted or
circulated or transported is called as srotas.

Srotasas are innumerable but grossly there are 16 srotasas in
the body as follows:

1) Prana vaha srotas
2) Anna vaha srotas
3) Udaka vaha srotas
4) Rasa vaha srotas
5) Rakta vaha srotas
6) Mamsa vaha srota
7) Medo vaha srotas
8) Asthi vaha srotas
9) Majja vaha srotas
10) Shukra vaha srotas
11) Purish vaha srotas
12) Mutra vaha srotas
13) Sweda vaha srotas
14) Artava vaha srotas
15) Stanya vaha srotas and
16) Mano vaha srotas.

The following verses give information about colour, shape &
structure of srotas.

‘= |y’ | (Dalhan on Su.Sha. 9/10)

Those structures having 'kha' (cavity or space) are called as
srotas. ’

U JORGAv 7 |
ity detvarsar samEg 3 1 (Cha.Vi. 5/25)
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Colour of srotasas is similar to that of dhatus they carry.
Srotasas can be straight or tubular in shape, some are very
small in size or some are be large in size.

Definition of Srotas

“ATEIER <8 Ygd @fanfs aq |

Hrawfeta fagd famemfrafsay (Su.Sha. 9/13)
Srotas can be defined as a structure whose moolasthana

(root) has ‘kha’ (cavity) in it & it is different than that of sira
& dhamanis.

Functions of Srotasas

1) Formation of dhatu takes place in srotas.

2) Transportation of nutrients takes place in srotas.

3) Transformation or metabolism occurs in srotas.

4) Excretion of waste products is the main functions of
srotas.

Roots of Srotasas
(Moola sthana of srotasas)

Moola sthanas (roots) of srotas are the controlling organs of
srotas.

Moola sthanas are the sites of utpatti (formation) or vahana
(transportation) of a particular substance to which the srotas
belongs. They can also be the easiest sites for the
examination of that srotas. Moolasthana of srotas controls all
other organs related to that channel. Some time the root of
channel is the easiest one for its examination. Hence
examination of the moolasthana is important for clinical
examination.

From the above description, it is clear that jatharagni
(digestive fire), dhatu-agni (tissue fire) and srotasas are the
important factors on which proper formation of dhatus
depends. Along with doshas, dhatus & malas, srotasas also
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play important role in maintaining health. Unobstructed
srotasas allow manufacture of new tissues and proper flow of
nutrients & waste materials. Impaired functions of srotas
leads to stagnation of doshas, dhatus & malas in the srotasas,
hence they must be kept clean to maintain health.

The following table indicates mula-sthana - controlling
organs - of every dhatu:

No. | Dhatu Moola sthana

1 Rasa vaha srotas Hriday, Sira

2 Rakta vaha srotas Yakrit, plecha, rakta vaha sira
3 Mamsa vaha srotas | Snayu, twacha

4 Medo vaha srotas Vrikka, vapavahana

5 Asthi vaha srotas Medo dhatu, jaghana

6 Majja vaha srotas Asthi dhatu, sandhi

7 Shukra vaha srotas Vrishana, shephas

Concept of Kala
Definition of kala is stated in the following verse :

‘greaTeraTaRAare:’ | (Su.Sha. 4/5)
Internal lining of the different dhatus, organs is called as

‘kala’,

Kala can be compared with mucous membrane or the
membrane that produces particular substance.

Formation of Kala

Kala is formed in the intra uterine life.

‘TSRl faTEET W s |

SRS FAred: HSarad I (A.Hr. Sha. 3/9)
Kleda (moistufe) is present inside the dhatus & ashayas or
organs. Due to heat, kleda inside the dhatu & ashayas get
converted into kalas.

Seven kalas & their location are shown in the following

table:
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No. | Kala ’ Location

1 Mamsa-dhara kala Sira, snayu, srotas.

2 Rakta-dhara kala Yakrit, plecha, dhamani.

3 Medo-dhara kala Udara, anu asthi (small bones)
4 Shleshma-dhara kala | Sandhi

5 Purisha-dhara kala Pakvashaya (colon)

6 Pitta-dhara kala Grahani (small intestine)

7 Shukra-dhara kala Sarva shareera ( whole body)

Time Required for Dhatu Formation:

“FIT MAuTA uRgfoeg Tad | (Cha.Chi. 15/21)

Formation of dhatu is a continuous process. Charaka has
compared dhatu formation to fetching of water with pulley
from well. Charaka further elaborates that dhatu formation
depends on activity of dhatu-agni.

Due to hyperactivity of dhatu-agni, the process of dhatu
formation becomes rapid. On other hand dhatu formation
will slow down if there is hypoactivity of dhatu-agni.

According to Charaka Samhita in one week all seven dhatus

are formed. Rasa dhatu is formed on first day after ingestion
of food & shukra dhatu is formed on the 7th day.

Sushruta has expressed different opinion about time factor
regarding dhatu formation. According to Sushruta after
formation of ahara rasa every dhatu is formed serially on
every Sth day. Rasa dhatu is formed on 1st day of ingestion
of food & on every 5th day, other new dhatu is formed.
Hence shukra dhatu is formed on 30th day.

Dhatu Formation according Formation according
to Charka sambhita to Sushruta Samhita
Rasa 1st day 1st day
Rakta 2nd day 5th day
Mamsa 3rd day '10th day
Meda 4th day 15th day
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Dbatu Formation according Formation according
to Charka sambita to Sushruta Sambhita
Asthi 5th day 20th day
Majja 6th day 25th day
Shukra 7th day - 30th day

Time taken for dhatu formation is important to understand
duration & effect of chikitsa (treatment) of particular dhatu.
For e.g. effect of haematinic medicines on rakta dhatu can be
observed only after five days from the onset of chikitsa
because rakta dhatu is formed on 5th day. Twenty one days
are required for healing of the fractured bone, as asthi dhatu
is formed on 20th day.

Main Functions of Dhatus

‘fror Sfee A9 FR HROTg |

THERY i 9% w9 A Fa I (A.HreSu. 11/4)
No. Dhatu Function
1 Rasa Preenana (Gratification)
2 Rakta Jeevana (Maintenance of life)
3 Mamsa Lepana (To cover various organs)
4 Meda Snehana (Lubrication)
5 Asthi Dharana (To support)
6 Majja Purana (To fill the bony cavity)
7 Shukra Garbhotpadana (Reproduction)

Tissue Excellence
(Dhatu Sarata)

Tissue excellence or dhatu sarata is a quality assessment of
seven dhatus. Examination of dhatu sarata is done at
physical & psychological level. Detailed symptoms of dhatu
sarata are explained in the concerned chapters.

Definition of Dhatu-sarata

faye: o1g; Wr: 3=

(C.Vi. 8/102, Chakrapani)
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Vishuddhatara dhatu is called as Sara dhatu. This means

dhatu with excellent or optimal qualities.

Types of Dhatu-sarata
Sarata of seven dhatus & the eighth Sattva sarata (optimal
quality of mind) have been explained as follows:

1) Uttam Sara dhatu - Best quality
2) Madhya Sara dhatu - Medium quality
3) Asara Sara dhatu - Low quality

Clinical Importance of Dhatu-sarata

Quantitative assessment of dhatus must be done.

1) To assess the strength of each dhatu, and
2) To assess immunity of dhatu

Uttama Sara - best dhatu sarata has good strength & good
immunity. Asara dhatus are tissues with poor quality and
they are very weak. Hence they are prone to diseases. Asara
dhatus can be strengthened by rasayana chikirsa.

Upadhatus (Secondary Tissues)

Secondary tissues are byproducts of tissues hence called as
secondary tissues. |

T W ad g wved: o |

TR @9 ¥ 9 A5 FgE™E:’ (| (Cha.Chi. 15/7)

W =g T Fred wafy Tesf )

YEHETa: e 91 awr R 1

We T Hereddiig qeEH |

§f g A @ FeEE:” |

(Sharngadhar. 1/5/16-17)

Table showing dhatus & their respective upadhatu:

No. | Dbhatu Upa dhatu

1 Rasa i) Stanya - breast milk
' ii) Raja -menstrual fluid
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No. | Dhatu Upa dhatu

2 Rakta 1) Sira - blood vessels
ii) Kandara - tendons

3 Mamsa i) Vasa - fat in the muscle
i1) Twacha - skin

4 Meda Snayu - flat muscle

5 *Asthi Danta - teeth

6 *Majja Kesha - hair

7 Shukra Ojas

*According Sharngadhara Samhita danta & kesha are
upadhatu of asthi & majja dhatu respectively, while
according to Sushruta Samhita, Ojas is the secondary tissue

of shukra dhatu.

Upadhatu or sub tissues are byproducts of dhatus. They do
not support the life like dhatus. When damaged secondary
tissues takes longer time for healing than the main tissues.
Generally main tissues except shukra, do not leave the body,
while upadhatu can leave the body without giving harming
the body. ( If the tissues leave the body then it can create
serious condition). Upa dhatus do not follow the chain of
nourishment like dhatus.

Dhatu Mala (Waste Products of Dhatu)
Dhatu mala is formed during metabolism of dhatu.
‘F%: frd A 9@y &S @ 9 |
Wersfcafagmst urEr el 7em:’ 11 (A Hr.Sha 3/63)
‘TR favgd, @ 9 FRISTT: |
fird, wiTe @wer, wel: @ew] AE: i
W g I, 757 WRstafaeEad, |
(Cha.Chi. 15/18-19)
Dhatus & their respective waste products :

No. Dbatu Dbatu mala
1 Rasa Kapha
2 Rakta Pitta
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No. Dbatu Dbhatu mala

3 Mamsa Kha-mala

4 Meda Sweat

5 Asthi Hair, nails

6 Majja Akshi-vit, sneha
7 Shukra Ojas

According to Ashtang Sangraha Ojas is a waste product of
shukra dhatu.

Symptoms of Dhatu Vriddhi & Kshaya
(Symptoms of increased & decreased dhatu)

Symptoms of dhatu vriddhi & kshaya are explained in the
concerned chapters. These symptoms are the applied study
of every dhatu, so one should learn the symptoms & causes

of dhatu vriddhi & kshaya.
Anjali-pramana

Anjali pramana is a measure to assess quantity of various
constituents of body. One anjali is the unit equal to one
handful of a person.

‘qqSH  CUTSHATHT,  TEged:  [EeRRefemEe: 4w
TR, B W, g ghve; s o, o fee, 9@
T, T q9EE, 3 O9CE:, T e, Aiasheniatd: e
AR S, AT AT S | (Cha.Sha. 7/15)

Table showing Anjali pramana of various body constituents.

Bodly Constituents Anjali pramana
Udaka 1
Rasa
Rakta
Faeces
Kapha
Pitta
Urine

LS AR RN N Ro ol No ) el
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Body Constituents Anjali pramana
Vasa (far in muscles) 3
Meda 2
Majja 1
Mastishka (brain) 123
Shukra %)

Embryological Development of Organs

Dhatus participate in the embryological development of
various organs.

~Sushruta in Sharira sthana has mentioned embryological
development of organs.
g 3vgs:” |

‘TGS YA T TS WA |

& e fee aggraeEmaf

EENSIEIUES R R S ERA TS

IR TEAHFFTHIEHITE, FFHRE ||

FEYOTAHT FRIfSSral S | (Su.Sha. 4/26-28)

‘THIC: TSI, 9T, WRgaRHS: JUIKG, Y0, TfUrdnhHTest

Fa | (Su.Sha. 4/31)
Guda, unduka (anal canal), antra (intestine) & basti
(bladder) are developed from rakta dhatu & tridoshas.
Vrikka (kidneys) are developed from medo dhatu. Sira &
snayus (vessels and tendons) are developed from meda &
rakta dhatu. Vrishana (testes) are developed from meda
dhatu & kapha dosha. Jivha (tongue) is developed from
rakta, mamsa dhatu & kapha dosha. Heart is developed from
rakta dhatu & kapha dosha. Phupphusa (lungs) are

developed from shonita-phena.

Outline for Study of Dhatu

For the systematic study of dhatu one should follow the
specific pattern which is as follows :
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1] Nirukti of dhatu (Etymology)

3} Metabolism of dhatu

4] Functions of dhatu

5] Properties of dhatu

6] Anjali pramana of dhatu

7] Upadhatu & mala of dhatu

8] Symptoms of dhatu Vriddhi & dhatu kshaya

o



Chapter 2
Ahara Rasa

Concept of Ahara-rasa

Living body is continuously subjected to wear & tear
process. Dhatus needs constant nourishment. Nourishment
of the body or dhatu depends upon the quality of food. Food
is converted to body constituents by the process of digestion.
Panchabhautika food which consists of all six rasas is able to

nourish Panchabhautik body.

o wifew aqiita veue Gfvede swfdde @
T ITHE R TRIGIOTE 4 dSd: T TR 9
W fd 3=’ | (Su.Su. 14/3)

The Panchabhautika, shadrasatmaka (sweat, salty, sour,
bitter, pungent, astringent tastes ) food undergoes the
process of digestion & sara, sukshma (subtle), tejobhuta
ahara rasa is formed.

Absorption of Ahara-rasa
TR favea: SR SRS WeUia: WHMEed: 3R
faufiy, ged m=sfa’ | (Sharngadhar)
‘W] Ted Afd FHETEANG: | (Sharngadhar)

Due to action of jatharagni, ahara rasa containing all the

nutrients (sarabhuta) is formed in grahani, due to action of
samana vayu, ahara rasa is absorbed from grahani & brought
to the heart. From here it is circulated throughout the body
to all the cells.

Circulation & Formation of Ahara-rasa

‘g Foam Sgfdufs: o oY e qwW, W 9
sl ¥ =ae: 9 fdvm Fod v o st adafa adafd
URAfS AYAfd T SFGERIHA FH | , (Su.Su. 14/3)
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Ahara-rasa which is brought to heart enters the twenty four
dhamanis arising from heart & set into circulation. There are
twenty four dhamanis emerging from the heart, out of which
ten branch off in upward direction, ten branch off inferiorly
& four branch off laterally. Ahara resa which has entered
heart & its dhamanis is circulated through these dhamanis
in superior, inferior and lateral directions.

Tarpana (nourishment), vardhana (growth), dharana (to
support), preservation (yapana) are the functions of ahara
rasa.

‘adaf 3fa o, srafa 3fa wepfagerd ) awafa sfa g€
affamoregeTd | (Su.Sha. 14/3, Dalhan)
According to Dalhana, functions of ahara rasa vary at
different stages of life. Tarpana & vardhana are predominant
in children while in old age ahara rasa maintains the
physiological activities which are called as ‘yapana. In
middle age body is fully developed & dharana (support) of
developed body is the chief function of ahara rasa durin

middle age. :

In this way ahara rasa is formed from food. It consists of
nutrients of seven dhatus. Nourishment of dhatu is the
important function of ahara rasa. Improper food, behavior,
imbalanced agni can affect ahara-rasa, therefore one should
have balanced diet, for proper formation of ahara rasa &
ultimately for proper nourishment of body.

%



Chaprer 3
Rasa Dhatu

Rasa dhatu is the First dhatu in the body being nourished

from ahara-rasa.
T Tt W 3T8: 78: ST 3 ST W' | (Su.Su. 14/13)
Nirukti (etymology)

Dhatu which is being continuously circulated in the body is
called as rasa dhatu.

Synonyms
Soumya dhatu, ahara prasada, dhatu sara, ahara teja,
agnisambhava, asrikkara are the synonyms of rasa dhatu.

Site
‘T ged WY | § gedn aqfdvfa g srufaes sehm: g,
TY ° IEME: e fadnm: Fee TR o1 ofe: adafd’ |
(Su.Su. 14/3)

Heart & twenty four dhamanis emerging from heart is the
site of rasa dhatu. Rasavaha srotas is the site of rasa dhatu.

Heart & dhamanis arising from heart are the moolasthana of
rasavaha srotas.

Panchabhautika Constitution
B Ts I (o B ©(Bhanumati on. Su.Su. 15/8)

Jala mahabhuta is predominantly present in rasa dhatu.

Metabolism

Ao TS AeA-Tg-SupmfaemYr fifaw: o wafy, g
I — 3R TATA -1 79, R W: Wg_Afaudarg 7d: &
TS 9IS TR | (Dalhan on Su.Su. 14/10)



RasaDhatu 17

Rasa dhatu is formed from the poshaka rasa (nutrients of rasa
dhatu) present in ahara-rasa. Poshya rasa dhatu is formed
from the poshaka rasa dhatu. Rasa dhatu is formed in
rasavaha srotas. Dhatvagni of rasa dhatu plays vital role in
the metabolism of rasa dhatu. Rasa dhatvagni transforms
nutrients of rasa dhatu into poshya rasa.

Poshaka Rasa Rasavaha srotas. 1) Formation of poshya
Dhatvagni of ~ rasa dhatu.
rasa dhatu 2) Formation of poshaka
rakta dhatu
3) Formation of
upadhatus, raja &
stanya
4) Formation dhatu
mala - kapha

Quality of food can affect metabolism of rasa dhatu. Cold,
liquid, unctuous food promotes formation of rasa dhatu
while dry food, lighter food like toast, popcorn, or fasting
lcads to malnutrition of rasa dhatu.

Time taken for the formation
‘W@ & & 3T @ T’ | (Dalhan on Su.Su. 14/15)

Rasa dhatu is formed in twenty four hours.

Qualities
‘W@sfy vasEd (F&:) | (A. Hr. Su. 11/8)
While describing qualities of rasa dhatu, Vagbhata in

Ashtang Hridaya says that rasa dhatu is similar to Kapha
dosha.

Liquidity, coldness, unctuousness, dullness are the qualities
of rasa dhatu. These qualities help rasa dhatu to make

preenana of the body. Colour of rasa dhatu is white like
Shleshma.

28K II
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Quantity ‘

Ia ITHEE: [EE SRR § W 3 SRR’ |
(Cha.Sha. 7/15)

Quantity of rasa dhatu is 9 anjali. Proper functioning of rasa

dhatu, absence of symptoms of rasa vriddhi or rasa-kshaya

indicates normal (9 anjali) quantity of rasa dhatu.

Functions
‘Sor S AW: WE GO |
THER: T O AE FH FA T 1| (Ash.Hr.Su. 11/4)
@ g e Wy T T (Su.Su. 15/51)

Preenana (gratification) & raktapushti (nourishment of
rakta dhatu) are the functions of rasa dhatu. Preenana means
to provide enough fluids to all the cells in the body. As the
dried plant becomes fresh after receiving water, similarly all
dhatus become physiologically active due to preenana of rasa
dhatu. Therefore in clinical practice oral rehydration therapy
or transfusion of intravenous fluids is the line of treatment
for the patient of dehydration. Dehydration is rasa kshaya in
which rasa dhatu is depleted in the form of vomiting or
diarrhea.

Formation & functioning of rasa dhatu affects rakta dhatu
because dhatus are interdependent. Therefore proper meta-
bolism of rasa dhatu will lead to rakta pushti or proper
formation of rakta.

Symptoms of Rasa-sarata
‘T TR R TR AR WY ¥ @ E-
RV | W AR gEsreEie ekt e 9
3=y’ | (Cha.Vi. 8/103)
g EEr e | (Su.Su. 35/16)
“HRER TR R e wsfufe:’ |
(Dalhan on Su.Su. 35/16)
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Person who is endowed with uttam rasa-sarata has soft,
smooth skin. Loma (hair on the skin) of such skin are very
fine, sparse & deeply rooted. Person with uttam rasa-sarata is
endowed with happiness, intelligence, wealth, health &
longevity. He usually does not suffer from any skin disease
and if gets inflicted with skin disease, it is easy to cure.

Upadhatus
Stanya (breast milk) & raja (menstrual fluid) are the
upadhatus (secondary tissues) of rasa dhatu.

Mala
T W T A FH AaH 9 (S.S.Sha. 6/29)
TG m afger | (A.Hr.Su. 30/45)
Kapha & according to Ashtang Sangraha, lasika are the

malas (waste products) of rasa dhatu. Unctous fluid which
oozes from the wound is called as lasika

Disorders of Rasa dhatu

Symptom of Rasa-vriddhi
(Symptom of increased rasa dhatu)

Over indulgence of cold, heavy, oily, sweet food, stress can

lead to.vruddhi of rasa dhatu.
‘T AR TTd ST WA I UEAfd | (Su.Su. 15/14)
‘WS yAwa (F5:)' | (A.Hr.Su. 11/8)

Utkleda (nausea), Praseka (ptylism) are the symptoms of rasa
vriddhi.

Langhana (fasting), dry & light food is the line of treatment
in rasa vriddhi.

Symptoms of rasa-kshaya
(Symptoms of decreased rasa dhatu)

W Ve 5 TN A VR ST W g ST S o
El (A.Hr.Su. 11/9)
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Dry skin, dyspnoea, emaciation, intolerance of speech thirst
are the symptoms of rasa kshaya. Fasting, dry, light food,
excretion, traveling, less sleep leads to rasa kshaya.

Brimhana therapy which includes food like wheat, meat,
ghee, dairy products and plenty of sweet and sour liquids like
fruit juices, meat soup is the line of treatment for rasa kshaya.

Importance of Rasa dhatu
‘WS gy g W W e | (Su.Su. 14/12)

Sushruta advises to protect rasa dhatu by taking nutritious
food & with proper regimen.

Body fluids, Plasma and Lymphatics

Water is present in the body in the form of various body

fluids.
Distribution of body fluid is as follows:
Body fluids
I

Extracellular fluids Intraceliular fluid
L

Interstitial fluid  Transcellular fluid Plasma

In the 70 kilogram person, the total body water is GO percent
of the body weight. Fluid which is present in the interstitial
spaces of the cells as interstitial fluid.

Interstitial fluid is formed from plasma. It occupies
intercellular spaces, and provide nutrition, gases to tissue
cells. Cells excrete their metabolites into interstitial fluid. It
is a great reservoir of water.

Plasma

When the formed elements are removed from the blood, a
straw coloured liquid is left, which is called as plasma.

1) Plasma is also a extracellular fluid which consist of water



Rasa Dhatu 21

and other solid constituents like albumin, globulin,
fibrinogen.

Albumin, globulin, fibrinogen are called as plasma proteins.

Albumin is required to maintain osmotic pressure of blood.
Various antibodies belong to globuiln. Fibrinogen is
required for blood coagulation.

2) Plasma acts as a medium of transport for glucose, amino
~ acids and fatty acids.

3) Plasma conducts respiratory gases.

4) Various enzymes and hormones are present in the plasma.
5) Plasma conduct waste products like urea, uric acid,
creatinine to the excretory organs.

6) Electrolytes like Na’, K* Ca*, Mg* are dissolved in
plasma.

7) Chlorides, phosphates, Carbonates are also conducted in
plasma.

Trancellular Fluids

The special extra cellular fluids are called as transcellular
fluids, they are as follows :

1) Cerebrospinal fluid

2) Synovial fluid

3) Intra ocular fluid

4) Pericardial, pleural, peritoneal fluids.
5) Gastro intestinal fluids.

Intracellular Fluid

Fluid which is present within the cell is called as intracelular
fluid. Intracellular fluid contains large amount of potassium
and phosphate ions.

Intracellular fluid contains very small amount of sodium and
chloride ions.
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Lymph and lymphatic system

The fluid which is present in the lymphatic system is called
as lymph. Lympbhatic system consist of : '

1) Lymphatic capillaries

2) Lymphatic vessels

3) Lymphatic nodules

4) Lymphatic glands

Lymphatic capillaries are microscopic blind vessels, which
are present in the intercellular spaces.

Lymph capillaries join to form lymphatic vessels.
Lymphatic vessels join together to form lymphatic ducts.

Right lymphatic duct opens into subclavian vein, while left
throacic duct open into superior vena cava.

Lymphatic vessels contains valves, they have thinner walls.

Lymphatic system is connected with venous system at the
opening of thoracic duct and right lymphatic duct. The
lymphatic system is a closed system.

Aggregation of lymphatic tissue is called as lymphatic
nodules. Lymphatic nodules are present along the pathway
of lymph vessels. Tonsils, spleen, thymus are lymph organs,
which are the part of lymphatic system. '

Formation of lymph
Lymph is a fluid, which is formed from the interstitial fluid.

Lymph is formed in the inter cellular spaces. Fluid and
proteins which are not absorbed back in the venous end of
the capillaries, enters the lymphatic capillaries, and returns
to the blood through lymphatic system. The fluid that enters
the lymph capillaries is called as lymph. The proteins which
are absorbed in the lymph capillaries are very important and
they should be preserved and brought back to circulation
through lymph. :



Rasa Dhatu 23

Composition of lymph
Lymph consists of 94% water. It consists of proteins, fats,
glucose etc.

Functions of h
1) Lymph supplies nutrition and oxygen to the parts where
blood cannot reach.
2) It drains away excess interstitial fluid and maintains
volume of interstitial fluid.
3) Lymph returns protein to the blood from tissue spaces.
4) Lymph is rich in lymphocytes, which act as defensive cells
of the body.
5) The lymphatics remove bacteria from the tissue.
6) Lymph is filtered in the lymphatic nodules.
7) Lymphocytes are produced in lymph nodules and lym-
phatic organs.



Chapter 4
Rakta Dhatu

Rakta dhatu is the Second dhatu being nourished from
Ahara rasa.

Etymology (Nirukti) of Rakta dhatu

The word rakta is derived from the Sanskrit word-
‘W A, 91 T TEvige: Ted 9 91 W S et

The name rakea indicates red colour of this tissue.

Synonyms
Rudhira, shonita, kshataja, asrik, asra, lohita.

Site
‘ftTaRT wew aFd g <l 9 (Cha.Vi. 5/8)
AR B (i) T JhaeiEE e 9 9 |
(Su.Sha. 9/12)

Liver (yakrit), spleen (pliha) are roots of raktavaha srotas.
According to Sushruta, blood vessels supplying rakta to every
smallest structure of the body is also a root of raktavaha
srotas.

Liver and spleen are sites of formation and vitiation of rakta
dhatu. Especially liver is the main organ of examination in

the diseases of rakra dharu.
Teliar THERT W SngwRE: T W frewa: 9 fag 9%
el 9 Wafa’ | (Su.Sha. 4/10)

Raktadhara kala is present inside liver, spleen and blood
vessels. It is concerned with formation and storage of rakta

dhatu.
S —— (Su.Sha. 5/8)
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Liver and spleen are considered as raktashaya (organ where
blood is stored) or the controlling organs of this system.
These organs are also store-house for rakta dhatu.
THIfEAT  FETREOTHY faeieeT g5d wEHR |
(Chakrapanidatta on Cha.Chi. 24/36)

Heart is also the seat of rakta dhatu. Rakta dhatu is circulated
throughout the body by heart.

. Metabolism
Formation of poshaka rakta dhatu takes place in the
raktavaha srotas. Nutritive part homologues to rakta dhatu
is converted to rakta dhatu in the raktavaha srotas.

A T wedw A ageAd |

oo, @ o W@ WeEgssfd’ | (Cha.Chi. 15/18)
According to Charaka, rasa dhatu is colorless & consists of
nutrients of seven dhatus. Liquid white colored rasa when
enters raktavaha srotas - liver & spleen - gets red colour due
to action ranjaka Pitta.

TeAfT SRR e e sTemeaTyphisita’ |

(Cha.Su. 28/4)
‘T GG A W: TFeAEH A T’ |
(Su.Su. 14/4)

In Sushruta Samhita, ranjaka pitta is described as ranjaka
agni. According to Sushruta, agni & pitta dosha are same so
he has used the term agni to five types of pitta dosha. Hence
role of ranjaka pitta & rakta dhatvagni is same.

‘qq q TP i afer e e S |9, 9 W wE
Ih: | (Su.Su. 21/10)
Under the influence of rakta dhatvagni, rakea dhatu is
formed in the raktavaha srotas.

According to Kshira-dadhi nyaya, rakta dhatu is formed after
rasa dhatu, while according to Kedara-kulya nyaya, rakta
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dhatu is formed in the raktavaha srotas after five days from
ingestion of food.

Metabolism of Rakta dhatu

Nutrients of Raktavaha srotas 1) formation of
rakea dhatu  Agni of rakta dhatu”  poshya rakta dhatu
2) Formation of waste
product of rakta
dhatu
~3) Formation of
poshaka mamsa

dhatu

In this way on the 5th day rakta dhatu is formed from ahara-
rasa. '

Constitution of Rakta dhatu
‘Th ﬁm i (Bhanumati on Su.Su. 15/8)

Every substance is made of five mahabhutas. Hence they are
also present in the rakta dhatu, & qualities of rakta dhatu can
be explained on the basis of five mahabhutas.

TrEvitfaeh g TR ety ag: IER: |

‘faedr ggar T WA YA v | (Su.Su. 14/8-9)
Five qualities of rakta dhatu | Element
Visrata - fleshy odor Earth (Prithvi)
Dravata - fluidity Water (Jala)
Raga - red colour Fire (Teja)
Spandana - pulsation Ether (Vayu)
Laghuta - lightness Air (Akasha)

In spite of existence of five mahabhutas, rakta dhatu has
dominance of teja & jala mahabhuta.

Qualities
prciel s cibbicercicurll
Temhewant 9 fayg fafgemfia 1 (Cha.Su. 24/22)
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To explain colour of rakta dhatu, it is compared with many
red colored substances that exist in nature. Hence blood
which oozes from the body is red like red colored insect
(indragopa) which is seen mainly in rainy season, blackish
red like lac, small bright red fruit (like gunja) or yellowish
orange red like gold.

Red color of gunja & lac has been compared with the color
of human blood, to study relationship between colour of
skin & colour of blood. In darker skin persons the colour of
blood is like lac, while in lighter skin persons the color of

blood is dark red.
In Vata constitution, colour of skin is dark.

In Pitta & Kapha constitution, the skin color is from light to
fair or white.
“Th gAY STaRERTae |
fod T 9 @i fag e wa’ it
v (Sharngadhar 1/6/10
Rakta dhatu which supports the life is sweet, heavy, mobile
& sweet in taste.
‘ol i ferd w9 aofa: |
wfowe TE e @fieeara faa’ | (Su.Su. 21/17)
The most important quality mentioned here is that rakta
dhatu is a warm dhatu (anushnasheeta). However it has also
been said that rakta dhatu is neither hot nor cold, it
maintains body temperature.
‘TSR, sread sifeEnf e A |
(Su.Su. 14/22)

When rakta dhatu is in a state of health then it possess the
following qualities:

Healthy rakta dhatu is red like an insect called as iindragopa
(cochineal insect).
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Asamhata - Healthy rakta dhatu is neither thin nor thick
and it never coagulates while flowing in the blood vessels.
When rakea dhatu oozes out of body, then only it clots. This
property of non-coagulation in the intact blood vessel is
called as asamhata.

Qualities According to Ashtang Sangraha
(A.S.Su. 36/5)
1) Sweet & slightly salty in taste,
2) Neither hot nor cold,
3) Do not stain the cloth.

Symptoms of Vishuddha Rakta dhatu
‘g AR auRaT |
gat-ad g@a?«ﬁm fagreh qod a@=ef= ol

(Cha.Su. 24/24)

When rakta dhatu is in the balanced state, then following
symptoms should be seen in person having purest form of
rakta dhatu:

1) Cheerful healthy complexion,

2) Energetic active sense organs,

3) Proper inclination of sense organs towards their
subjects,

4) Good digestion,

5) Unobstructed natural urges, and

6) Healthy nourishment of body.

Anjali Pramana - 8 anjali.

As anjali pramana is a subjective measure, absence of
disorders of rakta dhatu indicate normal volume of rakta

dhatu.
‘o) (3fSeTE:) o | (Cha.Sha. 7/15)
QrEeTEr § A T fae” | (Su.Su. 15/37)
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Functions of Rakta dhatu
S (e ) | (A.-Hr.Su. 11/4)
‘Sad AW SroTaReE | (Hemadri on A. Hr.Su. 11/4)
‘qq fags fe #fR scEvigEr |
Ak o smor: WfeT fe erfEda’ Il (Cha.Su. 24/4)

1) To support the body is the main function of rakta dhatu
2) To maintain life process is the most important function of
rakta dhatu.

Rakta dhatu conducts prana to every dhatu, every cell of
body. The air inhaled during the process of inspiration
become vital prana (life) for human body. This prana along
with rakta dhatu is supplied to every organ, tissue & cell to
perform physiological activities.

Prana is an energy without which body will not function.
Body cannot survive without prana, & rakta dhatu is a

medium for the conduction of prana, hence life depends on
rakta dhatu.

Therefore hemorrhage or obstruction to blood flow can

affect life.
h FuivEE wiEyE steafd = (Su.Su. 15/5)
"G o v TR |
@ fat: §eg W gt T
(Su.Sha. 7/14)

3) Nourishment of dhatu: Rasa & rakta dhatu circulates in
the body & supply nutrients to tissues.

4) Nourishment of mamsa dhatu: Proper nourishment of
mamsa dhatu depends on proper formation of rakra dhatu.
Proper functioning of mamsa dhatu depends on rakta dhatu.

During contraction of mamsa dhatu, it needs more & more
prana, which rakta dhatu provides to mamsa dhatu.
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Hence disorders of rakta dhatu can affect nourishment &
functions of mamsa dhatu.

5) Varnaprasad (Maintenance of skin colour): Cheerful
complexion is a symptom of pure rakta dhatu. Healthy rakta
dhatu maintains normal colour of skin.

In the decrease of rakta dhatu, skin becomes whitish. In the
vitiation of rakta dhatu colour of skin may become red, black
or yellowish.

In necrosis colour of skin at particular region changes.

In skin diseases like leukoderma, the color of the skin
changes.

6) Sparshajnyana (Sensation of touch): Proper conduction
of rakta dhatu is responsible for knowledge of touch.

If skin is properly supplied by rakta, then one can get proper
sensation of touch. Obstruction to the blood flow to
particular region affects touch sensation.

Vitiation of rakra dhatu can cause tenderness of the skin.

In kushtha, due to vitiation of rakta & Vata dosha there is
loss of touch sensation.

Role of Rakta dhatu in the formation of

various organs in Intra uterine life
‘T ApqeliE Wi, DT, ugE:,  wie-

fohgsa IvgE:’ | . (Su.Sha. 4/25)
‘TS SUTETE, T, NATgRmHAE THET, guuh, ITaHEaQest
T | (Su.Sha. 4/31)

In the embryonic life, rakta dhatu plays important role in the
formation of liver, spleen, lungs, colon, kidenys and hearts.

Rakta Dhatu sarata

‘FUifrE TR ntNRTaTEadedet 9 e v
FIT] THERIT | 91 SRl @ Saar vuf w-fae sigamimafaee
SRR ST < | (Cha.Vi. 8/106)
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‘FeramTgAEarEe e ®F | (Su.Su. 35/16)

Individuals who possess uttama rakta dhatu sarata are
endowed with following symptoms:

Ears, eyes, oral cavity,
tongue, palms, soles, nail, } Color of these organs is red
forehead, penis

These organs are very lustrous, glossy. Such individuals are
very attractive, handsome.

They cannot sustain strenuous job or, hot climate. They are
endowed with intelligence, happiness and beauty.

Disorders of Rakta dhatu

Symptoms of increased Rakta dhatu
(Rakta vriddhi)

Due to over indulgence of oily, pungent food, due to hot
climate, rakta dhatu increases & following symptoms of
increases rakta dhatu can be seen:

‘h R faaquie 9 | (Su.Su. 14/16)

Redness of eyes & skin, engorgement of blood vessels.

Symptoms of decreased Rakta dhatu
(Rakta kshaya)

Malnutrition, improper diet causes deficiency of rakta
dhatu. '

‘T TaryrChfa: farstreassmr |1 (A.Hr.Su. 11/17)

Craving for sour, cold food and collapsing of veins are the
symptoms of decreased rakta dhatu.

Decreased rakta dhatu results in Vata vriddhi. Craving for
sour food reduces vata dosha.

Importance of Rakta dhatu
W B qoi wfRvlg uri |
TG I W & o9 ofa feafd’ | (Su.Su. 14/44)
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Sushruta says that rakea dhatu is a root of living body; it
maintains life, so one should take proper care of rakta dharu
by proper diet that gives nourishment to rakta & proper
regimen.

BLOOD

Blood is a connective tissue, which is made up of plasma and
blood cells. Blood is a red, opaque and slightly alkaline

tissue,

Composition of Blood

Blood is composed of plasma and different types of cells.
Blood cells remain suspended in the plasma.

Constituents of Blood

1) Water is the main constituent of blood.

2) Inorganic constituents like sodium, potassium, calcium,
iron, copper, phosphorus etc.

3) Urea, uric acid, creatine, ammonia etc.

4) Serum albumin, serum globulin, fibrinogen, prothrom-
bin etc.

5) Glucose, fats, amino acids, vitamins.

6) Red blood cells, White blood cells, Platelets.

Functions of Blood

1) Transport of oxygen from the lungs to the tissues and CO,
from the tissues to the lungs.

2) Transport of glucose, fats and amino acids to the liver and
to other tissues.

3) Transport of hormones, vitamins to their places of
activity.

4) Blood carries waste products of cellular act1v1ty and brings
them to kidneys, lungs or intestine.

5) Blood maintains water balance.

6) Blood maintains acid-base equilibrium.
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7) Blood regulates body temperature.

8) White blood cells of blood protects body by their pha-
gocytic action.

9) Viscosity of blood helps to maintain blood pressure.

Blood Corpuscles
Blood corpuscles are also called as blood cells. Blood cells are
suspended in the plasma.

Types of Blood cells are :

1) Erythocytes (Red blood cells)
2) Leucocytes (White blood cells)
3) Thrombocytes (Platelets)

Erythrocytes

@@

Neutrophil Eosinophil Basophil
Monocyte T Lymphocyte B Lymphocyte

Fig 1 : Blood cells

Erythocytes (Red blood cells

The mature human red blood cell is a biconcave, non-
nucleated disc. The mature R.B.C. is very soft and flexible,
so that it can easily squeeze through narrow capillaries. Mean
diameter of R.B.C. is 7.2 microns. Red blood cells contain a
pigment called as Haemoglobin.

3SK.1II
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Normal count of R.B.C.

In Male - 4.5-5.5 million/cu.mm.
In Female - 3.5 - 4.5 million / cu.mm.
New born baby - 6-7 million / cu.mm.

Physiological variations of red blood cells count

1) Red blood cell count is lowest during sleep and maximum
in the evening.

2) Red blood cell count rises during muscular exercise.

3) Red blood cell count rises at higher altitude.

4) Red blood cell count rises at higher temperature.

Functions of red blood cells

1) Carriage of oxygen.
2) Transport of carbon dioxide. Red blood cells contain
enzyme called as carbonic unhydrase which removes CO,

from the blood.

Source of energy of red blood cell

Red blood cells require energy to perform its functions. Red
blood cell depend on plasma glucose for its metabolic
activities.

Development of Red Blood Cells
1) In early embryonic life, red cells are produced in the yolk .
sac.

2) During middle trimester of gestation, red cells are
produced in the liver and spleen.

3) During later part of gestation and after birth, red cells are
produced in red bone marrow. Red bone marrow is present
in the cavities of the bones. Red bone marrow is also called as
Mpyeloid tissue.

The process of formation of Erythrocyte or red blood cell is
called as Erythrpoiesis.

After birth upto age of twenty, red bone marrow of almost all



Rakta Dhatu 35

bones produce red blood cells. But after the age of twenty,
the marrow of long bones become fatty except at the
proximal portion of tibia and fibula.

Hence after the age of twenty, red bone marrow of vertebrae,
sternum, ribs and ileum produce red blood cells.

Hormones required for Erythrpoiesis are:

1) Erythropoietin (EPO)- This hormone is secreted by
kidneys.

2) Thyroxine and Testosterone.

Stages of Erythropoiesis

In red bone marrow, blood cells develops from pluripotential
haemocytic stem cells.

Red blood cells, White blood cells and Platelets originates

from haemocytic stem cells of red bone marrow.

The early offspring cells orignated from stem cells are called
as committed cells. ‘

The different committed cells produce colonies of particualr
types of blood cells. The colonies produced from committed
cells are called as colony-forming unit CFU.

A committed stem cell that produces red blood cell is called
as CFU-erythrocyte, in the same manner, CFU for white
blood cells are produced.

Erythroblast is a precursor cell, which develops from CFU-
erythrocyte. '

Stages of erthropoiesis are shown in the following chart:

Pluripotential stem cells

Committed cells

1
CFU - erythrocyze
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Proerythroblast

l
Early erythroblast

I
Intermeidate erythroblast

|
Late erythroblast

|
Reticulocyte

l
Erythocyte

Time taken for erythropoiesis
It takes 7 days for the formation of mature, non nucleated
erythrocyte.

Life span of Red blood cell- 120 days.
Site of fate of Red blood cell- Liver and Spleen.

Fate of red blood cells

1) As the red blood cells grow older, thcy become fragile,
they change their shape and size.

2) Red blood cells burst and hemoglobin is released.
3) Phagocytosis of hemoglobin takes place in liver and
spleen.

4) Iron in the hemoglobin is released and reutilised for the:
formation of new red blood cells or iron is stored in liver in
the form of ferritin.

5) The prophyrin part of hemoglobin molecule undergo a
series of transformtion, and converted into biliverdin.
Biliverdin is reduced to free bilirubin.

6) Free bilirubin is absorbed through the hepatic cells.

7) In the liver free bilirubin conjugates with glucuronic acid,
and conjugated bilirubin is formed in the liver.



Rakia Dhatu ’ 37

8) Conjugated bilirubin is excreted into the bile and then
into the small intestine.

9) In the intestine half of the conjugated bilirubin is
converted to urobilinogen and stercobilinogen.
10) Urobilinogen is absorbed and excreted in the urine.

11) Stercobilinogen is excreted in feces.

Hemoglobin
The red pigment of red blood cell is called as hemoglobin.

Hemoglobin consist of two parts:
1) globin, 2) haem

Globin is a specific simple protein while haem is a
metalloporphyrin, where the metal is iron.

Functions of Hemoglobin

1) Carriage of oxygen from the lungs to the tissues.

2) Transport of Carbon dioxide from the tissues to the lungs.
3) Hemoglobin helps to maintain acid-base balance by
removing CQO, in the blood.

4) Bile pigments are formed from the hemoglobin.

Normal value of hemoglobin
Males = 14gms - 16 gms%
Females = 11gms - 14 gms%
Mew born baby = 23 gms%

Oxygen carriage capacity of haemoglobin

At normal temperature pressure, one gram of haemoglobin
combines with 1.34 ml of oxygen.

Factors affecting red blood cell formation and haemoglobin
formation are as follows :

1) Food, rich in proteins is required for erythropoiesis and
Hb formation.
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2) Vitamin B,, & Vitamin C are required for proper forma-
tion of red blood cells and Hb.

3) As iron is an important constituent of haemoglobin, diet
rich in iron is required for Hb formation. Daily 12 mgm iron
is required.

White blood cells (Leukocytes)

Types of leukocytes

Division of leucocytes is done on the basis of granules
present in the cytoplasm and number of lobes of the nucleus.

Types of leukocytes
Granulocytes Agranulocytes
I |
| ! ] | |
Neutrophil Eosinophil Basophil Monocyte Lymphocyte
Normal W.B.C. count = 4000-11000/ cu.mm.

The ratio of the total W.B.C. count with the total red cell
count is 1:700. For one W.B.C., there are 700 Red blood
cells.

Physiological variations of W.B.C. count

1) Diurnal variation - In the morning or after rest, the
W.B.C. count is lowest. The W.B.C. count is highest in the

evening,.
There i is no obvious cause for such variations.
2) Durmg muscular exercise, W.B. C count rises.

3) In new born baby, W.B.C. count is very high. In new born
baby, W.B.C. count is 20,000/cu.mn.

Leucopoiesis
Process of formation of white blood cells is called as
leucopoiesis. Granulocytes and Monocytes are formed in red
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bone marrow. Lymphocytes and Monocytes are formed in
spleen and lymphatic tissue. Monocytes to some extent are
formed in red bone marrow.

Development of Granular leucocytes

Granulocytes are developed from the haemocytic stem cells
of red bone marrow.

Colony forming unit - CFU for each granulocyte and
monocyte originate from the stem cells of red bone marrow
and mature granulocytes are developed from their respective
colony forming units.

Development of Lymphocytes
Lymphocytes are formed in spleen, tonsils, lymphatic
nodules.

In embryo T lymphocytes are processed in thymus, therefore
called as T cells, while B cells are produced in bone marrow,
then T and B lymphocytes become embedded in lymphoid
tissue. The white blood cells are stored in the bone marrow.
Lymphocytes are stored in lymphoid tissues.

Life span of Leucocytes
Leucocytes Life-span

Neutrophils | 2-4 days

“Eosinophils | 8-12 days
| Basophils 12-15 days
Lymphocytes | 1-2 days

Monocytes 2-3 days

Percentage of White blood cells
Neutrophil = 60 - 70%
Eosinophil = 1 - 6%

Basophil = 0 - 1%

Lymphocyte = 20 - 45%
Monocyte = 2 - 4%
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Functions of White blood cells

1) Phagocytosis - The process of engulfing the foreign
particles and bacteria and destruction of bacteria is called as
phagocytosis.

Stages of phagocytosis are as follows :

* When an infection occurs, neutrophils and monocytes mi-
grate to the site of infection.

* Monocyte enlarges and enlarged monocytes are called as
phagocytic macrophages.

* Microphages attach to the surface of micro-organisms.

* Projections are formed from the cell membrane of mi-
crophages.

* Projections fuse with each other to form phagocytic
vesicles. v

* Micro-organisms are trapped in the phagocytic vesicles.

* Digestive enzymes of macrophages digest the trapped mi-
cro organisms, and micro-organisms are destructed.

- 2) Antibody formation is the important function of T
lymphocytes.

3) In the process of repair, fibroblast are formed from
leucocytes. '

4) Basophil secrete 'Heparin', which prevents intravascular
clotting.

5) Eosinophil acts against parasites and allergies.

Clinical significance of total W.B.C. count

Whenever there is an infection, W.B.C. count increases.

Leucocytosis - When total W.B.C. count is more than
11,000/cu.mm, the condition is called as leucocytosis.

Leucopenia - The condition in which total W.B.C. count is
below 4000/cu.mm then this condition is called as
Leucopenia.
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Leukemia - is the malignant condition, in which number of
white blood cells is greatly increased.

The following table indicates the various condition in which
there is increase in the number of white blood cells:

Type of WBC Condition

1) Neutrophilia Pneumonia, Meningitis, Trauma,
(Rise in neutrophils) | Appendicitis

2) Eosinophilia Worms, Filaria, Asthma

3) Basophilia Chronic myeloid leukemia

4) Lymphocytosis Tuberculosis, Malaria, Typhoid

5) Monocytosis Chronic inflammation, Tuberculosis

There are various conditions, which develops leucopenia. In
the first weak of typhoid, body develops leucopenia.

Thrombocytes (Platelets)

Thrombocytes are round shaped or oval shaped cells of
blood. Thrombocytes are developed in i1ed bone marrow.
Platelets are non nucleated cells. In peripheral blood smear,
platelets appears in clumps.

The number of platelets = 2,50,000 - 4,50,000 / cubic mm
of blood.

—~—

Functions of platelets

1) Platelets initiate blood clotting.

2) Platelets repair delicate capillary walls.

3) Speed of clot retraction depends on the number of
platelets present.

Decreased platelet count produces haemorrhage under the
skin and mucous membrane, this condition is called as
purpura.

Haemostasis and blood coagulation

Prevention of blood loss is called as haemostasis.
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Steps of haemostasis are :

1) Vascular spasm
~ 2) Platelet plug formation
3) Blood coagulation

Vascular spasm
Contraction of blood vessel immediately after the injury is
called as vascular spasm. Vascular spasm reduces blood flow.

Platelet plug formation

Platelets migrate to the injured tissue. When platelets comes
in contact with damaged surface, platelets begin to swell,
they becomes sticky and adhere to the damaged surface.
Adherence of large number of platelets to the damaged tissue
is called as platelet plug formation. If the damage is small,
platelet plug can stop bleeding. If the tissue damage is not
small, then fibrin is required to stop the blood. -

Blood Coagulation

Blood coagulation is a third step of haemostasis. This step
begins after 15 seconds of injury, if the injury is severe.

Blood coagulation requires various chemicals called as
coagulation factors. Coagulation factors are formed in the
liver. Vitamin K is required for the formation of coagulation
factors: Coagulation factors are present in plasma. There are
13 coagulation factors. These factors become active only
after injury to the tissue or blood vessel.

The coagulation factors are as follows:

Coagulation Factors Synonym

1 Fibrinogen
II Prothrombin
111 Thromboplastin

v Calcium ion
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Coagulation Factors Synonym
\% Proaccelerin
VI Not named
Vil Serum prothrombin

Conversion accelerator

VIII Anti hemophilic factor A
IX Christmas factor
X Stuart factor
XI Antihemophilic factor C
X - Hageman factor
XIII Fibrinase

Fibrinogen and prothrombin are protein in nature.

Thromboplastin is present in the plasma as well as on the
surface of every tissue.

Thromboplastin present in the plasma is called as intrinsic
thromboplastin, and extrinsic thromboplastin is present on
tissue surface.

Proaccelerin is required to convert prothrombin into
thrombin.

Factor VII accelerates formation of extrinsic thromboplastin.

Antihemophilic factor and christmas factor enhances
formation of intrinsic thromboplastin.

Process of formation of fibrin is as follows :

1) With the help of calcium ions, thromboplastin converts
prothrombin into thrombin.
Thromboplastin + Prothrombin + Calcium ion = Thrombin

2) Thrombin interacts with fibrinogen to form fibrin. Fibrin
is a clot which stops bleeding.

Thrombin + fibrinogen = Fibrin

3) Fibrin or clot seals the damaged walls of blood vessels and
bleeding is stopped.
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Within one or two weeks, clot is converted into fibrous
tissue, or the small clots are removed. Removing of blood
clots is called as lyses of blood clots. Plasminogen which is a
plasma protein become active and is converted into plasmin.
Plasmin digest fibrin and other coagulants and break the
clot.

Disorders of coagulation

A condition in which abnormal clot develops in a blood
vessel, is called as thrombosis.

Blood Coagulation Tests

Bleeding time, clotting time, prothrombin time are the
laboratory tests, which are done to judge the coagulation
process in the body.

Normal bleeding time - 2 to 3 minutes
Normal clotting time - 4 to 9 minutes
Normal prothrombin time - 12 seconds.

Blood Groups

Knowledge of blood groups is essential especially during
blood transfusion.

The blood of donor must match with the blood of recipient.
If blood of donor and recipients are not compatible, then
hemolysis of donors corpuscles takes place inthe recipients
body, which can cause dangerous effects; so before blood
transfusion blood groups must be matched and crossed

checked carefully.

Blood group can be identified on the basis of agglutinogen
present on the surface of red blood cells.

Three hundred blood group systems exists but the most
important systems of blood group are ABO system and Rh
system.

ABO system of blood group consist of agglutinogens and



Rakia Dhalu 45

agglutinins. Agglutinogens are present on the surface of red
blood cells and agglutinins are present in the plasma. ABO
system consist of A and B agglutinogens. Agglutinins of
ABO system are called as Anti-A and Anti-B agglutinins.

Individuals having 'A" agglutinogen belong to blood group
'A’, person having 'B' agglutinogen on red blood cells has
blood group 'B'. Individuals who manufactures 'A’ and 'B’
agglutinogen belong to blood group 'AB'. In blood group
'O’ no agglutinogens are found on the surface of red blood
cells.

Agglutinogens and Agglutinins of ABO system is shown in
the following table:

Group | Agglutinogen on RBC | Agglutinins present in plasma
O Absent Anti A, Anu B
A A Anti B
B B Ant A
AB | Aand B Neither Anit A nor Anti B

Rh system of blood group

The agglutinogen of Rh system is called as D agglutinogen.
D agglutinogen is also called as D antigen. Rh system does
not contain any agglutinin in the plasma.

If D agglutinogens are present on the red blood cells then
blood group is called as Rh +ve blood group. If D
agglutinogen is absent, then blood group is called as Rh -ve

group.

Hazards of Incompatible blood transfusion

1) If blood group of donor and recipient does not match
with each other and if such mismatched blood is given to
recipient then there is cross reaction between recipient's
agglutinins and the agglutinogens of donors blood. Due to
cross reaction, blood cels agglutinate and are hemolysed.
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2) Recipient suffer from hemolytic jaundice.

3) Renal failure is the hazardous effect of incompatible blood
transfusion.

To avoid these hazard, blood groups must be checked and
cross match before blood transfusion.

Clinical significance of Rh system

If a Rh -ve female is impregnated by Rh +ve male, and if the
fetus is Rh +ve, then during dilivery, while cutting the
umbilical cord, some Rh +ve blood cells of baby may escape
and enter the maternal blood. Rh -ve blood can make
agglutinins against Rh +ve blood cells. Therefore mother's
blood prepares Rh agglutinins against Rh +ve agglutinogens.
Rh agglutinins circulates in the mothers body and if that
female again becomes pregnant, then during the pregnancy,
agglutinins cross the placenta and enter the fetal blood. If
blood group of fetus is Rh +ve, then fetal blood hemolyses
and this results in the hemolytic disease of the new born
baby, which is called as erythroblastosis fetalis. To avoid the
risk of Rh incompatibility, within 48 hours of dilivery, anti
D antibody injection is given to mother, and next pregnancy
‘would be safe. '

1) Knowledge of blood group is essential before blood
transfusion.

2) Blood groups of donor and recipient must be same.

3) Blood groups help in identifying paternity.

4) Detection of blood group of pregnant woman is necessary
to avoid Rh incompatibility.

5) Blood group help to identify criminal case.

T



Chapter 5
Mamsa Dhatu

Mamsa dhatu is the third dhatu formed and nourished by
ahara-rasa.

Synonyms

(Amarakosha. 2/6/63)
Pishita, taras, palala, Kravya, amisha are the synonyms of
mamsa dhatu.
Site of Mamsa Dhatu
Channel of mamsa dhatu and mamsa-dhara kala is the seat
of mamsa dharu.
Mamsadhara Kala
q| NIH WU AW (Fen) = w9 e Sae
waf=r’ | (Su.Sha. 4/8-9)
It is the first kala produced in the body, which is the site of
“ sira, srotas and dhamanis.
‘HEEH WA g &% 9 | (Cha.Vi. 5/8)
‘wivER 8, TN WYY Waed ¥’ 1 (Su.Sha. 9/12)

Roots of mamsavaha srotas are snayu and twacha - skin

Movement of skeletal muscles depends on snayu hence
snayu is a root of mamsavaha srotas.

Skin is the secondary tissue of mamsa dhatu.

Function of mamsa dhatu and skin is same i.e. to cover or
lepana; hence skin is also a root of mamsavaha srotas.

Metabolism of Mamsa Dhatu
‘A () Staafa =70 (Su.Su. 15/5)
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Poshaka mamsa dhatu is formed during the metabolism of
poshya rakta dhatu.

Hence formation of mamsa dhatu depends on rakta dhatu.

Thg, AftAvarHer: fod e wifiten, ST wiew 3 |
TS STIERTATA, A SSRGS

AT: Wi | (i&‘ﬁ ) | (Dalhan. on Su.Su. 14/10)
Nutrients of =~ Mamsavaha 1) Formation of mamsa
mamsa dhatu  srotas dhatu

agni of mamsa 2) Nourishment of
upadhatu and mala
of mamsa dhatu
3) Formation of
poshaka meda dhatu.

Heavy, oily food, sweet food, non vegetarian food nourishes
mamsa dhatu.

Mamsa dhatvagni acts on poshaka mamsa dhatu and poshya
mamsa dhatu is formed, along with it upadhatus and mala
are formed in its srotas.

Time required for formation of mamsa dhatu
‘AR (WA=R) 3 veurE: o W dafhy duf s@f
T’ | (Su.Su. 14/14)

According to Sushruta, mamsa dhatu is formed on 20th day.

Constitution of mamsa dhatu
‘arE o | (Bhanumati on Su.Su. 15/8)

Mamsa dhatu predominantly consist of prithvi (earth)
mahabhuta.

Qualities

F faeiiarefaryd way oer Aver] | IRRETqEHRIeAReEfS
e | (Cha.Su. 27/59)
Mamsa dhatu is slightly cold, heavy and unctuous.
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uanti
‘QeUrEeAr g uftt 7 fae (Swe:Su. 15/37)

Functions of mamsa dhatu

Lepana is the most important function of mamsa dharu.
(Are) A (3% F4H) | (A-HrSu. 11/4)

Skin is the upadhatu of mamsa dhatu which covers whole

body. Skin is an intact sense organs, which protect the body
from infection.

‘aid TR AW 7, | (Su.Su. 15/5)

Nourishment of medo dhatu is the important function of
mamsa dhatu.

‘srsfavy faferd Seifdwerd e | (Su.Sha. 4/29)

Formation of peshis in the intra-uterine life is the function of
mamsa dhatu.

Peshis are formed from mamsa dhatu during fetal life. Vayu
divides mamsa dhatu in different types of peshis. To give
strength and support to the body is the function of peshis.

Mamsa dhatu is the medium of Vata dosha. Symptoms of
vitiated Vata dosha reveal the close relationship between Vata
dosha and mamsa dhatu. Tremors (kampa)- twitching of
muscles, muscle stiffness, joint stiffness (stambha), muscle
pain, paralysis, hernia, prolapse these are the few symptoms
of vitiated Vata dosha which shows impaired functioning of
mamsa dhatu.

Upadhatus (secondary tissue) of mamsa dhatu

HiFg 99 9 T | (Cha.Chi. 15/7)
Vasa (muscle fat) and twacha are upadhatus of mamsa dhatu.
TEE Gl e | ' (Cha.Chi. 15/18)

Mala (waste product) of mamsa dhatu: Malas which accu-
mulate in the external orifices of the body is called as a kha-
mala which is 2 mamsa mala.

4SK. 11
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Symptoms of mamsa-sarata
VEAACFHCHRIUCEPNAEHC  Faey:  Worareeer:

TEReAIRIafaaT: THEROT | | WX e gfan steted foxd foat gam

AN T SO 3gy Qe IR | (Cha.Vi. 8/104)

‘sfoxE eiftgafy niEnfad 9 Wi’ | (Su.Su. 35/16)

Temples, forehead, nape, eyes, cheek, jaws, neck, shoulder,
abdomen, axillae, chest, arms, legs, joints of an individual
who is endowed with mamsasara, are firm, heavy, and
properly covered with mamsa dhatu. Bony structures are
invisible as bones are covered with mamsa dharu.

Such individuals are endowed with forgiveness, patience,
non-greediness, wealth, knowledge, happiness, politeness,

simplicity, health, good strength and longevity.
Disorders of Mamsa Dhatu
Symptoms of Mamsa-vriddhi

‘aid fepretRiTedieagsTy 3fE e 91 (Su.Su. 15/8)
Heaviness of body, flabbiness of buttocks, cheeks, arms,
thighs etc. are the symptoms of Mamsa-vriddhi. Over indul-
gence of sweet, heavy and oily food, lack of exercise are the
causes of Mamsa-vriddhi.

Symptoms of mamsa |

‘AR rgrefTUehaeg yseal dfwae T’ 1l (A.HrSu. 11/18)

Over indulgence of dry, light food, over exercise are the
causes of Mamsa-kshaya.

Fatigue of the eye muscles, emaciation of cheeks, buttocks,
pain in joints (arthralgia) are the symptoms of decrcase in
mamsa dhatu.

In decreased mamsa dhatu, diet and regimen homologues to
mamsa dhatu is advised, for e.g. diet containing wheat, meat
of various animals, fish as well as massage with mahanarayan
oil, dhanvantara or mahamasha ol is advised.
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ashwagandha, milk and naranyan oil are indicated in
mamsa-kshaya.

MUSCLE TISS
‘Movement’ is the important body function.

Muscle tissue is an important connective tissue which is
essential for movement of the body.

Special Features of Muscle Tissue

Contraction and relaxation are the two movements of
muscles. Due to these movements, muscle can perform
following, functions: Motion, maintenance of posture and
heat production. '

Motion - Walking, running, respiratory movements, cardiac
movements etc.

Maintenance of posture - Partial -contraction of skeletal

muscles maintains posture of body in stationary positions
for e.g. standing and sitting.

Heat production - Due to contraction of skeletal muscle,
heat is produced in the body.

Muscle tissue forms walls of body cavities and supports the
organs in the cavities. Muscles help in respiration, so help in
maintenance of acid base balance.

Types of Muscle Tissue
!
' |
Skeletal muscle Cardiac muscle Visceral muscle
tissue (Striated tissue (Striated tissue (Non striated
muscle tissue) muscle tissue) muscle tissue)

Functional Division of Muscle Tissue
I

Voluntary muscle Involuntary muscles
e.g. skeletal muscles e.g- 1) Smooth muscles
2) Cardiac muscles
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Histology of Muscle Tissue
Cells of muscle tissue are called as muscle fibers.

-Band A-Band -Band
: : I

sy
e SECCCCCCeC
R

Thin myofilament Cross bridge Thick myofilament

Fig. 2 : Muscle fibre with thick and thin myofilaments

Sarcolemma - It is an outermost coveringof muscle fiber.

Sarcoplasm - Cytoplasm in the muscle cell is called as
sarcoplasm.

Contents of Sarcoplasm - It consist of many nuclei,
sarcoplasmic reticulum and transverse tubules.

Each skeletal muscle fiber consists of thick myofilament and
thin myofilament. Thick and thin myofilaments are arran-
ged in compartments called as sarcomer.

In the sarcomer there is alternate arrangement of thick and
thin myofilaments which overlap each other.

Alternate arrangement of thick and thin myofilament gives
striated appearance to skeletal muscles.

Thick myofilaments are made up of following protein are 1)
Actin and 2) Myosin.
Proteins from which thin myofilaments are formed are:

1) Actin

2) Troponin

3) Tropomyosin.
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Cross bridges - Projecting heads of myosin are called as cross
bridges. They consist of actin and ATP binding sites.

Sarcomers are separated from each other by narrow line
called as Z line.

Sarcomers consist of dark area called as "A' band and light
area called as 'I' band.

Axon terminal w
(Telodendron) Sarcolemma
Synaptic vesicle Subneural

Sarcoplasm

Synaptic end bulb cleft

Synaptic
cleft

Synaptic
( %gutter “-\{\oc’

Fig 3 : Neuromuscular Junction

Neuromuscular_junction - Contraction and relaxation are
two movements of skeletal muscle. Skeletal muscle must
receive stimulus for its contraction by a motor neuron. Every
muscle fiber receives motor nerve fiber (motor neuron).
Axon is the thread like process of motor neuron which
transmits motor stimulates from neuron to muscle fiber.

Axon terminal
When axon of motor nerve reaches surface of muscle fiber,

this axon divides into branches. This branching of axon of
motor neuron is called as axon terminal.

Motor end plate

The region of sarcolemma of muscle fiber in contact with
axon terminal is called as motor end plate. '
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Neuromuscular junction consists of axon terminal of a
motor neuron + motor end plate.

Synaptic end bulb: These are the bulb like structures present
at the distal end of axon terminals. Synaptic end bulbs
consist of neurotransmitter called as acetylcholine (Ach)

Synoptic cleft - It is a space between axon terminal and
sarcolemma.

Synoptic Gutter - The portion of sarcolemma which
surrounds axon terminal is called as synaptic gutter.

Physiology of Muscle Contraction
1) Motor neuron conducts stimulus to muscle fibers.

2) Due to nerve action potential, synaptic end bulb releases

acetylcholine (Ach).

3) Acetylcholine diffuses across the synaptic cleft of neuro-
muscular junction.

4) Due to Ach, muscle action potential develops and that
spreads over sarcolemma.

5) Sarcoplasmic reticulum releases calcium ion into sarcole-
mma. L e

6) Due to calcium 1ons,troponm&;' tropomyosin move and
due to this movement, ‘myosin binding sites on actin gets
exposed. ‘ L

7) Muscle needs energy for contracaen |
8) ATP is the source of cncrgy for comractxon
9) Due to action potcntxal encrgy is obtained from ATP

molecules.

10) The energy formed m ATP sphts, and activates myosin
cross bridges of myosin. - '

11) Myosin cross bndgammhne w1th myosin bmdmg sites

of action.
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Relaxed sarcomeres
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Shortening of Sarcomeres

Fig. 4 : Sliding Filament Theory

12) Thin and thick myofilaments slide overlap each other.

13) Due to sliding of filaments, the sarcomeres shorten and
muscle fibers contract and contraction of muscle takes place.

14) After contraction Ach become inactive.

15) Calcium ions go back to sarcoplasmic reticulum. Thin
and thick myofilaments move to resting pasjtion. Sarcomers
returns to their resting length and muscle fiber relaxes.

In this way contraction and relaxation of muscle takes place.

Energy Source for Muscle
Contraction and Relaxation

1) ATP - It supplies energy for muscle contraction for short
duration, i.e. only for 5 to 6 seconds.

2) Phospho-creatine - Phospho-creatine is a high energy
molecule. It is a alternative source of energy. When muscles
required energy for a longer time then phospho-creatine is
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converted to energy. Phosphogen system provides energy for
15 second.

3) Glycogen lactic acid system: In prolonged muscle activity,
after phosphogen system, muscles uses glucose for energy.

Glucose is converted to pyruvic acid.

Formation of pyruvic acid doesn’t require oxygen so it is
called as anerobic respiration.

Conversion of pyruvic acid takes place in the muscle fiber.
Pyruvic acid — In presence of oxygen — CO,+H,0O

This process needs oxygen, so called as cellular or aerobic
respiration.

In absence of oxygen following events takes place:

1) Pyruvic acid in absence of oxygen is converted into lactic
acid.

2) Lactic acid produces energy called as glycogen lactic acid
system. Some lactic acid may leak in blood. Liver can convert
lactic acid into glucose.

3) Glycogen - Lactic acid system provides energy for 30 to 40

seconds of muscular activity.

Clinical application of muscle contraction and energy
Knowledge of muscle contraction, energy supply of muscles
is important in sports.

Athletes consume large amount of carbohydrates just before
the event, this is called as carbohydrate loading.

Carbohydrate loading supply - additional energy to athletes.

For 100 meter running event, phosphogen system can
provide energy.

For 400 meter running event, glycogen lactic acid system
provides energy for 30 to 40 seconds.
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Types of muscle contractions

Isometric contraction, isotonic contraction, tetanus, treppe
and twitch.

Disorders of muscular system

Fibromyalgia, muscular hypertrophy, muscular atrophy,
myasthenia gravis, abnormal contractions like spasm,
tremors fibrillation.



Chapter 6
Medo Dhatu

Medo dhatu is the Fourth dhatu formed & nourished by
ahara rasa. :

Etymology (Nirukti)
‘Ueafy femifa o/ 3fa A

The word meda is derived from the Sanskrit word meaning
oleation or to apply oil. Medo dhatu is the unctuous dhatu

like ghee.

Synonyms

Mamsaja, mamsateja, asthikrit, vapa, vasa, goda.

Site
1) Medo dhatu is distributed throughout the body.
2) It is deposited under the skin.

3) But mainly it is deposited on buttocks, breast and
abdomen.

Medovaha srotas

‘YRl Siawi geR qol e 9 | (Cha.Vi. 5/10)
Vrikka (kidneys), vapavahana (omentum) are roots of
medovaha srotas.

In intrauterine life kidneys are formed from medo dhatu.

Anatomically large amount of fat is deposited around both
kidneys which is called as perinephric fat. The organ which
has been formed from medo dhatu, controls the formation
of medo dhatu after birth. Omentum is a storehouse or
depot of medo dhatu. According to Sushruta, kati (pelvic
girdle) is a root of medo dhatu.
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‘W3R B8, TANE %) IFH T (Su.Sha. 9/12)

Medodhara kala
Medodhara kala holds & nourishes medo dhatu.

el SR () A f T Seee slveftay 9 Wew] @
e e’ | (Su.Sha. 4/12)
Medodhara kala eccupies peritoneum and small bones &
mamsa. Medo dhatu is present inside the small bones.

Yot iy 7 tqr g aq AT ST RS @
(Chakrapanidatta on Cha.Vi. 6/28)

Small amount of medo dhatu is also deposited around
amashaya (stomach)

' Panchabhautika Constitution
1) Medo dhatu is made up of Jala and Prithvi
mahabhutas

U STeyfearTsy | (Bhanumati on Su.Su. 15/8)

2) According to Charaka, medo dhatu is made up of
Jala mahabhuta.
lis .
A AENOTHAGEEHE Te R WA ie: Wt |
(Dathan on Su.Su. 14/10)

After nourishment of mamsa dharu, ahara-rasa nourishes

medo dhatu.

‘qasfy foafgremEeE: @, WAsw A% uE, g -
sfeg | (Dalhan on Su.Su. 14/10)

1) According to Kshira-dadhi nyaya, medo dhacu is
formed after mamsa dhatu.

- 2) Oily, soft food products undergo digestion & accord-
ing to Khale-kapota nyaya, immediately medo dhatu
is produced in medovaha srotas.

3) Poshaka medo dhatu is acted upon by Agni of meda
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dhatu and poshya medo dhatu, its upadhatu and
mala are formed in medovaha srotas:
Nutrients of Medovaha srotasa 1) Formation of poshya
medo dhatu  Agni of meda meda
2) Formation of
poshakasthi
3) Formation of
upadhatu & mala

Time required for transformation of medo dhatu

‘FeaR (WA=R) 3 veymE:, d Tds Ui gefn sl
T’ | ‘ ‘ (Su.Su. 14/4)
On 15th day stable medo dhatu is formed.
Qualities

1) unctuousness, 2) softness, 3) heaviness and 4) stability.

Quantity
‘o Bew: (3isel)’ | (Cha. Sha. 7/17)

Anjali pramana of medo dhatu is 2 anjali.

Absence of symptoms of increase or decrease in medo dhatu
indicates normal quantity of medo dhatu.

‘QuEIHeT gfEt g famd (Su.Su. 15/5)
Functions of Medo dhatu

““E: (Aeh: 9% FH) | (A.Hr.Su. 11/4)

e Ve ged I ¥ | (Su.Su. 15/5)

1) To lubricate every cell of the body is the most important
function of medo dhatu.

2) It controls sweat formation.

3) It provides strength, energy to the body.

4) It controls dryness of Vata.

While empbhasizing lubricating action of medo dhatu,
Charaka has given following example - He says that
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leather becomes more sturdy and strong due to
application of oil or life of any machine can be improved
by lubricating it with oil. In the same way regular
application of oil on the body, provides strength to body
constituents. Oily massage increases longevity.

5) Proper nourishment of medo dhatu gives proper shape to
the body. ‘

6) Medo dhatu acts as shock absorber.

7) Medo dhatu protects body from excess cold or hot cli-
mate.

8) In starvation energy can be obtained from medo dhatu.

9) Asthiposhan is a another important function of medo

dhatu.

Symptoms of Medah sarata

‘UGS Ny favwa: e ASENum | W
e i@ e oTeld GEHRvERa oEs |

(Cha.Vi. 8/105)

Person having uttam meda sarata has unctuous complexion,
sweet voice. Eyes of such person are very unctous & moist.
Person having good quality of meda sarata has abundant
unctuousness in hair, nails, lips, urine & feces and teeth.

Such individuals are endowed with wealth, power, happi-
ness, enjoyment, charity. They are very delicate (cannot
withstand hard work) hence unable to bear physical strain.
‘FempRa(EEyEt el sTamfes] AgEr |
(Su.Su. 35/16)

In spite of bulky body such person cannot perform hard
work.

Upadhatus

A FgEE:” | (Cha.Chi. 15/17)
Snayu is the upadhatu of medo dhatu
(Refer ‘Upadhatu’ for detail information of snayu)

-
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Waste products
weE wew: (W)’ | (Cha.Chi. 15/18)

Sweat is the waste product of medo dhatu

Disorders of Medo dhatu

Symptoms of Increase in Medo dhatu
(Medo vriddhi)
‘Aeewd g sy Afd A femgeieeEaT |

(A.Hr. Su. 11/10)
Over eating of sweet, oily heavy food, lack of body exercise
leads to increase in meda dhatu. Fatigue, dyspnoea, pendulus
growth of buttocks, breast, abdomen due to deposition of
excess of medo dhatu.

Hot, light & dry food, heavy exercise, drugs like Triphala
guggulu, Yogaraja guggulu reduces medo dhatu.

Symptoms of Decrease in Medo dhatu
(Medah kshaya)

‘Vefy @ T <ig gfg: FIE | (A.Hr. Su. 11/17)
Symptoms of medah kshaya are loss of sensation (supti) in
the waist region. Enlargement of spleen, emaciation of the
body. Due to loss of medo dhatu spleen becomes palpable.
But it should be noted that spleen is not enlarged in this
condition.

Substances homologues to medodhatu i.e. heavy, oily, sweet

food along with proper rest, oil massage is advised in Medah
kshaya.

‘Aead wfefiels: qﬁmmﬁa#ﬁgtmﬁma'n
(Su.Su. 15/13)

Spleenomegaly, numbness around joints, dryness, craving
for nonveg food are also the symptoms of medah kshaya.

ADIPOSE TISSUE

Adipose tissue is a type of loose connective tissue.
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Connetive tissue

fig 5 : Histology - Cells of Adipose tissue - adipocytes

Adipocytes
Cells of Adipose tissue are called adipocytes.
Shape of adipocytes: Large, oval or round shape.
Distribution of adipose tissu
Adipose tissue is found in fbllowing structures:
1) Omentum ' 4) Around heart surface
2) Mesentery 5) Marrow of long bones
3) Perinephric region 6) Mammary glands (breast)
Adipose tissue is absent in
1) Eyelids 2) Scrotum  3) Labia minora
4) Cranial cavity 5) Lungs (except their roots)

Functions of adipose tissue
1) Gives specific shape to body,
2) Regulation of body temperature,
3) Storage of fat,
4) Provides energy,
5) Keeps the viscera in position,
6) Acts as shock absorber and

7) It secretes hormone Leptin.

&



Chapter 7
Asthi Dhatu

The hardest dhatu in the body is asthi dhatu or bone.

Synonyms
Kikas, kulya, medoja, medoteja, sara, karkara are the
synonyms of asthi dhatu.

Site
- It is present under the skin all over the body.

Moola sthana
‘siftgagEt Siad ASee Sud 9 (Cha.Vi. 5/8)

Medas dhatu & flat pelvic bones (jaghana) ( \,{

are roots of asthi dhatu.

/
Medas is formed before asthi dhatu. \ >
Nutrition of asthi dhatu depends on )

,. \-/

proper nourishment of medo dhatu.
Pelvic bones, are pillars of the body, which
serves the function of dharana, which is

|
!
\
|,

the function of asthi dhatu, hence jaghana \

is also a root of asthivaha srotas. { vy
NG

Kala Fig 6 : Asthi Dhatu

A1 T Fell [T W T AR’ |
(Dalhan on Su. Kalpa 4/40)
Purisha-dhara kala is the 5th kala which exist in large
intestine i.e. in pakvashaya. Function of purisha-dhara kala
is to separate constituents of kitta or waste products in colon.
Vayu which is produced in pakvashaya (as anna-mala) is a
poshaka vayu, which nourishes poshya vayu of the body.
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Pakvashaya and asthi, both are main seats of Vata dosha.
Therefore increased or decreased formation of Vara and
purisha affects all sites of Vata, especially asthi dhatu. Hence
purisha-dhara kala is also called as asthi-dhara kala.

Panchabhautika constitution

‘AR yfgefreiory | (Bhanumarti on Su.Su. 15/8)

In spite of presence of all 5 mahabhutas, asthi has predomi-
nance of prithvi and vayu mahabhuta.

Qualities
G- 3-SR FuT: TSR @ ST 3R S
afegr aal Jomy’ | (Cha. Chi. 15/31)

Due to predominance of prithvi mahabhuta, asthi dhatu is
very strong, rough, and dry and hard. Due to action of vayu

and Agni and prithvi mahabhutas, asthi become dry, rough
and hard.

Types
1) Nalakasthi - Long bones
2) Kapalasthi - Flat bones
3) Mandalakar asthi - Vertebrae
4) Ruchakasthi - Teeth
5) Tarunasthi - Cartilage
Metabolism

‘qaisfy FroafgremmATTe: @ e e gemish,
TS TS hecyfr, eisRy, R T |
(Dalhan on Su.Su. 14/10)
‘Sl EETq SRAd wdaramifa Fer fereagET, §E |
(Chakrapani on Cha.Vi. 5/12)
Precursor of asthidhatu (Poshak -asthi) is formed at the time
of formation of medo dhatu.
Metabolism of Asthi dhatu takes place in the Asthivaha

srotas.

58K I
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Nutrients of Asthivaha srotas 1) Formation of
asthi dhatu Agni of asthi poshya asthi
(Poshaka asthi) dhatu
2) Formation of
asthi mala & a
upadhatu

3) Formation of
poshaka majja

dhatu

Time taken for formation
According to Parashar, Asthi dhatu is formed on the 6th day

‘Th & TOR—"ARRsT: TS @fed |
(Chakrapani on Cha.Chi. 15/20-35)
According to Sushruta, Asthi dhatu is formed on 20th day.
‘AR (WA=K) 3 vgume: o ys defn dafn emifi:
e | (Su.Su. 14/4)
Functions
‘RO (IS I FH) | (A.-Hr.Su. 11/4)
‘IeReTe: W I faefa s
sferar: a9n @ firg A gI 11 (Su.Sha. 5/21)
1. Asthi dhatu supports the body, keeps body in erect
position. '
2. All soft structures like mamsa, sira, and snayus are situated
around asthi dhatu or bones. Snayus connect skeletal
muscles to bones. Snayus act like anchor hence muscles can
contract or relax. ,
3. Asthi dhatu forms skeleton of the body. Function of asthi
dhatu is compared to the hard core of bark of the tree.
4. Asthi dhatu protects various important organs, for e.g.
skull bone protects brain, ribs protects lungs and heart.
5. Majja poshana is a function of asthi dhatu.
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‘refif qgumYl wey: ¥ W (Sw.Su. 15/5)

Proper nourishment of majja dhatu depends on proper
metabolism of asthi, because poshaka majja dhatu is formed
during the formation of asthi dhatu.

Secondary Tissues - Upadhatus of Asthi dhatu

ST 3, 39T |
(Adhamalla on Sharngadhar 1/5/16-17)

According to Sharngadhara, teeth are upadhatus of asthi
dhatu.

(Detail information of teeth is given in chapter on

upadhatu.)

Waste products of asthi dhatu
‘SRS () | (Cha.Chi. 15/30)
‘F%:; & wEd @ 9 (Su.Su. 46/529)

Hair and nails are waste products of asthi dhatu.

Symptoms of Asthi sarata
Rl L U GUE I S BECIMI 1 o RS IS LG Lo I T
TR | & e R e aRREERT: et e |
(Cha.Vi. 8/109)
Heels (parshni), ankles (gulpha), knee joints, elbow (aratni),
clavicles (jatru), chin (chibuka), head, metacarpo-phalangeal
joints, nails and teeth bones of asthi sara person are larger,
and stronger. Asthi sara individual is very enthusiastic in
nature. Since the bones gives good strength and power, these
persons can carry out heavy manual work or exercise. They
are endowed with stable body and longevity.

‘TERREY geeag-areTay, fefy” | (Su.Su. 35/16)

According to Sushruta, head, shoulders, teeth, nails, bones,
mandibles of asthi sara person are prominent and are large in
size.
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Disorders of Asthi Dhatu
Symptoms of Increased Asthi-dhatu
(Asthi-vriddhi) |
‘remordifaeiy | (Su.Su. 15/18)

Extra bones like cervical spine or calcaneal spur (adhyasthi),
over crowding of teeth are (adhidanta) the symptoms of asthi

vriddhi.

Asthi dhatu and Vata dosha are related to each other. Their
relationship is called as 'ashrayashrayi sambandha'.

Symptoms of Decreased Asthi dhatu
(Asthi-kshaya)

Nferasheerye saTayg e = 1l (Su.Su. 15/13)
FUATTEYA ST S |
Foufteed w4 diwifreaia @ 1 (Cha.Su. 17/67)

Painful joints, pain in bones, falling of hair, breaking of nails,
unhealthy, weak teeth are the symptoms of asthi kshaya.

Excess of Vata has a reciprocal effect on asthi dhatu. This
means that if the patient has excess of vata, he may suffer
from asthi kshaya due to rarefaction of bones (osteoarthritic
changes). Effects of asthi kshaya can be observed on the
waste products of asthi dhatu i.e. on nails, hair and teeth.

Triphala guggulu, Yogaraja guggulu, oil massage and basti are
very helpful in asthi kshaya.

SKELETAL TISSUE

Skeletal tissue or bone is a connective tissue. Skeletal system
consists of all bones, joints and cartilages between joints.
Bony tissue consist of following structures:

Bone matrix: It is inter cellular substance. It surrounds cells
of bone tissue. Intercellular substance contains (1) collage-
nous fibers, (2) mineral salts.
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Mineral salts of bone

Calcium  phosphate, calcium carbonate, magnesium
hydroxide and fluoride etc. These salts are deposited in the
framework of collagenous fibers.

Because of these salts bone tissue hardens.

Cells of bone tissue

1. Osteogenic cells give rise to osteoblast cells.

2. Osteoblast cells are related with bone formation.

3. Ostecytes are mature bone cells or principle bone cells.
4. Osteoclasts cells function in bone degradation.

Type of bony tissue
Compact bone tissue & Spongy bone tissue

Compact bone tissue.

1. This type of bone tissue is present at diaphysis.
2. Provides protection and support to long bones.

Compact bone contains few spaces

Histology compact bone consist of:

1] Central canal (Haver— Osteocytes in lacunae Central canal
. A
sian canal)

2] Concentric lamellae -
These are rings of hard
intercellular substance and
are present around central
canal.

Canaliculi

3] Lacunae - Spaces bet-
ween the lamellae are
called as lacunae. Lacunae
contains osteocytes.

4] Canaliculi - These are

small canals radiating from

Matrix
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lacuna. Canaliculi connect with central canal. They provide
nutrients to ostescytes and remove waste products.

Central canal + concentric lamellae + lacunac + Canaliculi =
Haversian system.

Volkmann's canals: Blood vessels and nerves from the
periosteum enter compact bone through Volkmann’s canals.

Spongy bone: 1) Consists of larger spaces (2) These spaces
are filled with red bone maarow. Short, flat irregular bones,
epiphyses of long bone consist of spongy bone tissue.

Histology of spongy bone tissue

Spongy bone tissue consist of trabeculae. These are irregular
network of thin plates of bone. The spaces inside are filled
with bone marrow osteocytes and are present in marrow
cavity. .

Functions of skeletal system

1. Skeletal system supports the body

2. This system provides frame work

3. Gives support to soft organ

4. Muscles are attached to bones, hence movements are

possible.

5. Ribs protect heart, lungs. Cranial bones protect brain.

6. Bones store minerals.

7. Red bone marrow produces blood cells.
Disorders
1) Fracture -break in the bone structure is called fracture. It
may be partial, simple, compound, hair line or green stick.
2) Rickets -Vitamin D deficiency in children produce this
disease.
3) Osteoporosis - Bones become porous, weak due to
removal of calcium from bones.
4) Osteomyosytis -Infectious disease of bones.

o



Chapter 8
Majja Dhatu

The sixth dhatu nourished after asthi dhatu is majja dhatu. It
is embedded deep within asthi hence it is called as majja.

Synonyms

Majja Dhatu
(Mastishka : Cerebrum)

Maijja Dhatu
(Located inside Asthi dhatu)

Fig 7 : Majja Dhatu

Asthi sneha, asthi sambhava, shukrakara, vimajjana sara are
the synonyms of majja dhatu.

Site

‘HosraE BiaEl s e gk’ | (Cha.Vi. 5/8)
The cavity inside the long bones is filled with majja dhatu.
Majja dhatu is deeply situated in the body.

‘TRy 9 (3feay) woun wafe | wg@ sy fawmer ween q eva-
afya:’ | (Su.Sha. 4/12)

Moola sthana

Bones & joints are roots of majjavaha srotas.
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1] Majja dhatu resides in the long bones, poshaka majja
dhatu is obtained from asthi dhatu, hence bones are root of
majjavaha srotas.

The another view must be highlighted here to explore
relationship between hard, dry asthi dhatu & unctuous
heavy & soft majja dhatu. '

Asthi dhatu is very light and dry. The hollow part in asthi
dhatu is the main site of Vata dosha. Long bones have cavity
(akasha) inside them. Unctuous majja dhatu inside the long
bones keep the balance between asthi dhatu & Vata dosha.

2] Joints are also root of majjavaha srotasa.

@ 39 fomuy @9 Ao (&) |
(Dalhan on. Su. Kalpa 4/40)

The sixth Pittadhara kala is considered as majja dhara kala.

Majja dhatu & Mastulunga (Brain)
‘qA (3 T Frfy wuramfaess sfersre T 97 |
(A.S.Sha. 5/4)
Mastulunga (brain) is a sadyahpranahara marma. Mastu-
lunga is present inside the flat bones of skull. Astanga San-
graha describes mastulunga as a majja dhatu & appearance of
mastulunga is like solid ghee. Mastulunga is a majja dhatu.

Constitution
e Iy | (Bhanumati on Su.Su. 15/8)

There is predominance of Jala and Prithvi mahabhuta in
majja dhatu.

Metabolism
‘ST wSS ad: PR (Cha.Chi. 15/16)
‘afty wey: qf¥ 9 (Ff) | (Su.Su. 15/5)

Poshaka 131ajja dhatu is formed during three fold
transformation of asthi dhatu.
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Unctuousness of meda oozes through porous asthi dharu &
accumulates in the cavity of bones & after the action of
dhatu-agni of majja, stable majja dhatu is formed.

‘TASTT T FuAHTEYf AT Rd geuw T,
TS Toq; U T AT Tg; Tel Whi ges; e

RIEZ (Dalhan on Su.Su. 14/10)

Nutrients of ~ Majjavaha srotasa 1] Formation of

majja dhatu:  Agni of majja dhatu  majja dhatu

(Poshaka majja 2] Formation of

dhatu) poshaka shukra
dhatu

3] Formation of
majja mala
According to Khale-kapota nyaya, nutrients of majja dhatu
are directly transported to majjavaha srotas to form majja
dhatu. Almonds, walnuts, pure ghee are some majja
promoting substances.

Time taken for formation of majja dhatu
eI oAU uRgfee] T%ad | (Cha.Chi. 15/21)
AR (THA=RK) T Tgued: d Yo defy: defn Swif
g’ | (Su.Su. 14/4)

According to Charaka, dhatu formation is a cyclic process.

According to Sushruta Samhita majja dhatu is formed on
25th day after formation of ahara-rasa.

According to Parashar majja dhatu is formed on the 7th day

T fo TR wwW fem wewd
(Chakrapani on Cha.Chi. 15/32)

Waste products of majja dhatu
TSF: TSt | (Cha.Chi. 15/19)

‘Tifaey 9 Ve (TS W) | (Su.Su. 46/527)
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Sneha (oily substance) excreted through eyes, faeces & skin is
a waste product of majja dhatu.

Quantity
Tl (3T oo | Afasre srfsfer’ | (Cha.Sha. 7/15)

Anjali pramana of majja dhatu is one anjali. Anjali pramana
of mastishka is ¥2 anjali.

Qualities

Majja dhatu is a heavy and unctuous.

Symptoms of Majja sarata

g doa:  feryaie:  WedNgeeEy oS | d
it aoa: gafaaaREIEeEEAEg 96 | (Cha Vi, 8/110)
Person endowed with best quality of majja sarata has soft
skin, & strong body. Complexion of such person is
unctuous, voice is sweet. Joints are big, long & rounded.
Such person is endowed with longevity, strength, intelli-
gence, wealth, creativity, he loves children & gets respect in
the society. ,

‘FY IoAa femmiea Saraeed meed 9 A |

(Su.Su. 35/16)

According to Sushruta big eyes (maha netra) is a
differentiating symptom of majja sarata.

Functions f Majja dhatu
QUi (A 9 &) | (A.HrSu. 11/4)
‘Aol V98 90 YHRYE Qome T w001 (Su.Su. 15/5)
1. The most important function of majja dhatu is purana as
this dharu fills cavity inside the bones, and controls Vata

dosha.
2. As majja is an unctuous dhatu, it lubricates the body.

3. Nourishment of shukra dhatu is the function of majja
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dhatu. Poshaka shukra dhatu is formed during the meta-

bolism of majja dhatu.
Secondary tissue (upadhatu)
‘FIM: (TS I9U:) | (Sharngadhar 1/5/17)

According to Sharngadhara hairs are secondary tissue of
majja dhatu.

Disorders of Majja dhatu

Symptoms of Decreased Majja dhatu
(Majja kshaya)

‘FReA] oy W WARARRER | (AHrSu. 11/19)
Osteoporosis (asthi soushirya), giddiness fainting are the
symptoms of majja kshaya.

Symptoms of Increased Majja dhatu
(Majja vriddhi)
ARG HY TR FAI, FeRvaey 9 |
(A.-Hr.Su. 11/11)
Heaviness of body & eyes, formation of painful nodules at
interphalangeal joints (arunshi) are the symptoms of excess
of majja dhatu.

MYELOID TISSUE

(Bone marrow)

Bone marrow is present in the medullary cavities of the
bones. Bone marrow is the connective tissue.

Types
L

[

Red bone marrow Yellow bone marrow

1] Red bone marrow: It consists of stem cells which are called
as haemocytoblast. Haemocytoblasts of red bone marrow
gives rise to red blood cells, white blood cells & platelets.
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2] Red bone marrow is abounded in the of long bones, skill
bones, ribs & vertebrae & pelvic bones.

3] Yellow bone marrow: It chiefly contains fat cells & in the
cavity of long bones. ‘

Functions of Bone marrow:

1] Formation of blood cells
2] Storage of iron in the form of ferritin & haemosiderin.
3] Bone cells are formed in bone marrow.

# .



Chapter 9
Shukra Dhatu

This is the last dhatu formed & nourished from ahara-rasa.

Etymology
The word shukra is derived from the root 'shucha' which
means pure.

Synonyms

Shukla, akshaya, nirmala, majja samudbhava, ananda-
prabhav, kittavarjita, pumsatva and virya, dhatusara, retas,
paurusham, teja, bija are all the synonyms of shukra dhatu.

Site
‘Tl YEHYT A (FET) AT WA TR |
(Su.Sha. 4/20)

Shukra dhatu is present in entire body.

‘g1 vafe offeg edet @ U

YRRY e 5 o fammefirat’ (Su.Sha. 4/21)
As milk contains ghee, sugarcane contains juice, but ghee in
milk, juice in sugarcane is invisible, that way shukra dhatu
occupies the whole body.

General body examination is important in case of male
sterility or infertility as shukra dhatu is localized in every part

of the body.
Shukravaha srotas

Formation, transportation, ejaculation of shukra dhatu takes
place in shukra vaha srotas.

‘YRRl Weg el gd YR | (Cha.Vi. 5/17)

Roots of shukra vaha srotas are testes & penis.
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Sharngadhara have described it as Shukrashaya (testis).

According to Sushruta Samhita breasts & testes are roots of
shukravaha srotas.

‘TERAR & (Ee) dande @t guot 91 (Su.Sha. 9/12)

Panchabhautika Constitution
Tk b A | (Bhanumat Su.Su. 15/8)

In shukra there is predominance of Jala mahabhuta.

Shukra dhatu is related with Kapha dosha; hence shukra

dhatu is a soumya dhatu.

‘W I | (Su.Sha. 3/3)

Shukra dhatu in Female
Qs Tada Y @ FEH |
T miw fEfas Fdfa 7 fawgd 1)
(Bhavaprakash, Garbhaprakaran 3/187)

Shukra dhatu in female has been described by Bhava-
prakasha. According to him function of feminine shukra is
to moisten vagina during coitus.
@ Ik A i wag g day |
(Chakradatta on Su.Su. 14/14)

In female, artava (streebeeja) is responsible for reproduction.

Metabolism
Shukra is the last dhatu which is formed after majja dhatu.
‘gl efeReaT W a9 gemta,q FeneTg-
FHUCAS: | T g NraTegsheeta: s wafd’ |
(Chakrapani on Cha.Chi. 15/20)

According to Khale-kapota nyaya milk is instant aphrodisiac
substance.

Formation of Shukra dhatu
‘TIsfT 7Y TERTENAT AN W, e 9
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WS, 9§ T a: g:r THHAGEAA AT, TEerEAagariad,
PE?I K ILIE ‘ga;ﬁa """ (Dalhan on Su.Su. 14/10)
Poshaka shukra is formed during the metabolism of majja
dhatu. Poshya shukra is brought to shukravaha srotas & due
to action of dhatvagni of shukra dhatu, poshya shukra dhatu
is formed.

Nutrients of Shukravaha srotas 1] Formation of
shukra dhatu  dhatvagni of shukra®  Poshya shukra
(poshaka shukra) dhatu

Time taken for the formation
“Fae s aRefieg ke | (Cha.Chi. 15/21)

Dhatu formation is a continuous process.

FUd A W YH Wa B 9 e | (Su.Su. 14/14)
Shukra dhatu is formed on 30th day from ahara rasa.

‘T & WRR—emRRIsTE: & & W wesfy Jomy oyt
Fifg framcER Jom’ | (Chakrapani on Cha.Chi. 15/32)

Though dhatu formation is a continuous process, according

to Parashar shukra dhatu is formed on the 8th day.

Qualities
‘whfe gd e Ay wynfy 9 |
yphiteafs Hfay dagistt qo (Su.Sha. 2/11)

1) Smell of shukra dhatu is like honey or oil, its smell is not
irritating. Smell of vitiated shukra dhatu changes.

2) Colour of shukra dhatu may be white or like oil or honey.
Colour of freshly voided shukra dhatu is white, later after 3

to 10 minutes, it liquefied & become transparent. Vitiated
shukra dhatu may become red, yellow or blue.

T o fufesed @ wyd =faaif <1
_ W: I G &d wHfeEE ™ 11(Cha.Chi. 30/145)
3) Shukra dhatu is soft, slimy & liquid. Because of these
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properties, shukra dhatu can traverse across vagina & unite
with ovum.

4) Heaviness (gurutva) of shukra dhatu is essential for
ejaculation. Due to heaviness & liquidity shukra dhatu can
flow in downward direction.

5) Due to coldness, shukra dhatu do not produce any
burning symptoms when it comes in contact with vaginal
epithelium.

Quantity

‘sryfeifer; METSE (Cha.Sha 7/14)
Anjali pramana of shukra dhatu is half anjali (Y4 handful).
Functions

THIEIR: (5% FH ) | (A.-Hr.Su. 11/4)

1) Reproduction is the most important function of the

shukra dhatu.
T 9 e 0 eaet g dendE 1 (SuSu. 15/15)
2) Velour, courageousness, attraction towards opposite sex,
strength, pleasure of coitus, reproduction, are the vital
functions of shukra dhatu.
‘YR Sagan g @ g 9w el
(Cha.Sha. 4/5)
When shukra dhatu unites with stree beeja (ovum),
fertilization takes place or in other words shukra dhatu is

able to fertilize ovum. Velour, courageousness are the
psychological effects of shukra dhatu.

Symptoms of Shukra sarata

‘e defmy ivqeide o edagen: ReragaETEEd-
ety sEAferyaiE: sfveE: Tefdey T o ShfE-
A SofaT: gEYairaeEETETSE Fa9f< | (Cha Vi, 8/109)

Personality of best shukra sara person is very attractive &
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assuring. Eyes of such person are very attractive & seems to
be filled with milk. The uttam shukra sara person has good
sexual capacity.

Voice of shukra sara person is very soft and sweet.
Complexion of shukra sara person is fresh & unctuous, skin
is very radiant (bhrajishnu). Shukra sara person has broad
pelvis (maha sphik). They have rounded, compact, smooth
edged, white straight, strong teeth.

Shukra sara persons are popular in women. They have good
physical and sexual strength. Shukra sara persons are
endowed with happiness, health, wealth, children, honour
& progeny.

‘FerudradaiacaTd agasmsS YT 1(Su.Su. 35/16)

While describing symptoms of shukra sarata, Sushruta has
emphasized only on characters of teeth, bones & nails.
However while examining symptoms of shukra sarata, one
should look for person’s teeth, nail & eyes also. Along with
this, development of secondary sex characters must be
examined.

Upadhaw
1] According to Charka Samhita, shukra dhatu is the purest
dhatu, hence it has no upadhatus.

2] According to Sharngadhar Sambhita ojas is the upa dhatu
of shukra dhatu.

Waste products
‘W@ TEHEY A §eY Iy |
T sy iR we o)
(Dalhan on.Su.Su. 14/10)

Shukra dhatu is a pure dhatu. Sushruta has compared shukra
dhatu with pure gold. Gold when heated thousands times &
purified, cast off no residue. In the similar way shukra dhatu

6SK. 11
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is processed by agni & hence it don't have any waste product.
However according to Sharngadhara Samhita mustache, hair
on the skin and acne are waste products of shukra dhatu.

According to Ashtang Hridaya, ojas is the mala of shukra
dhatu.

Disorders of Shukra dhatu

Symptoms Increased shukra dhatu
. (Shukra-vriddhi)

‘Hfceiiemd g8 Ph TR 1 (A HeSu. 11/12)

Increased libido (sexual desire), seminal calculi, are the
symptoms of shukra vriddhi.

Symptoms of Decreased shukra dhatu
(Shukra-kshaya)

ok ot o= o wiforase o |

s gyuRE ARt T 4 (A.Hr.Su. 11/20)
Delay in ejaculation, ejaculation accompanied with
bleeding, severe pain in testicles, burning sensation in
urethra are the symptoms of decrease in shukra dhatu.

PR NgguEeT e R fou @ WE: WE 9

TR, | (Su.Su. 15/9)
Pain in penis, testes, impotency, early or late ejaculation of
semen or ejaculation of semen with blood dharu.

‘e g@ving yvgE wed w: |

A= Yty ipEe @Ony I (ChaSu. 17/69)
Weakness, dryness of mouth, pallor, vertigo, impotency,
delayed ejaculation are the symptoms of shukra kshaya.
Chikitsa
Heavy, unctous, sweet food promotes formation of shukra

dhatu. Milk instantly produces shukra dhatu. Milk, ghee,
eggs, black gram (urida) are shukra promoting food items




Shukra Dhatu B 83

while ashwagandha, musk, saffron are some shukra promo-
ting dravyas.

MALE REPRODUCTIVE SYSTEM

Physiology of male reproduction system

Male reproductive system consists of following organs:

1] Testis 2] Ductus deferens (Vas deferens)
3] Ejaculatory ducts 4] Urethra

Prostate
Corpus
spongiosum

Glans penis

Fig 9 (a) : Posterior view of male reproductive system

Accessory sex glagds:.
1] Seminal vesicles, 2] Prostate gland, 3] Bulbo urethral
gland

Supporting structures:

1] Scrotum and 2} Penis

Stages of the spermatogenesis
Spermatogenesis takes place in testes.

The process of formation of mature spermatozoa is called as
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spermatogenesis. Sperms are produced in seminiferous
tubules.

Seminiferous tubules are coiled tubules which are present in
the lobules (compartments) of testes.

Vas deferens

Vasa efferentes

Fig 9 (b) : The Adult Testis, Epididymis and Vas dererens

Functions of testis

1] Spermatogenesis
2] Secretion of hormones 1) Testosterone
ii) Inhibin

Site of spermatogenesis: Seminiferous tubules of testes.

1] Gonadotropin releasing hormone (GnRH) secreted
by Hypothalamus

2] Follicle stimulating hormone (ES.H)
Leutinizing hormone (LH) secreted by anterior pitu-
itary gland

3] Testosterone and inhibin secreted by testis

Steps of spermatogenesis: Sperms are developed from most

immature stem cells called as spermatogonia. Spermatogonia
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Tunica albuginea

Spermatogonium

Primary spermatocyte
o) Secondary

® 0 spermato-
d

Seminiferous tubules

e

Sertoli celis
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Fig 10 : Transverse section of seminiferous tubules
showing stages of spermatogenesis
Testies (T.S.)

develop in primary and secondary spermatocytes, spermatid
and then mature spermatozoa are formed. '

* Spermatogonium is a diploid (2n) cell which consists of 23
pairs (46) of chromosomes.

* Spermatozoa are a haploid cell which consists of only 23
chromosomes.

* From one spermatogonium four spermatozoa are pro-
duced. o

* Each spcrmatdzoa consists of either X or Y sex chromo-
some

Time required for spermatogenesis - 74 days

Nourishment of sperms

Sperms get nourishment from sertoli cells.

Transport of sperms
1] Spermatogenesis takes place in seminiferous tubules
of testis.
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2] Sperms are then moved to straight tubules.
3] Straight tubules lead to testis.
4] From testis sperm are transported to efferent ducts.
5] From efferent ducts spcrms are brought to ductus
epididymis. S
6] In ductus epididymis sperm become capable for fer-
tilization. :
7] Sperms remain in ductus cpldldymls for 10 to 14
days.
8] Sperm are stored in ductus cpxdxdymxs
9] Then sperms are brought to vas deferens.
10] Vas deferens conveys spcrm from epididymis to
ejaculatory duct.
11] Ejaculatory duct eject spcrmatozoa into the prostatic
urethra prior to the ejaculation.

In this way transportation of sperms takes place.

Clinical importance
Vasectomy - Surgical removal of portion vas deference is
called vasectomy. This is the easiest procedure for
sterilization in males.

Due to vasectomy sperms cannot reach the exterior as vas
deferences are cut. and sperms are destroyed by phagocytosis.

Factors affecting spermatogenesis
1] Temperature-Spermatogenesis takes place at comparative-
ly low temperature. Testicular temperature is low by 2 to 3
degree than that of core temperature. Normal position of tes-
tis in scrotum makes testicular temperature low.
2] Exposure to X-ray radiation ) Inhibit

Alcoholism } spermatogenesis
3] Disorders of thyroid gland, adrenal gland, pituitary gland
can affect spermatogenesis.
4] Vitamin E deficiency can inhibit spermatogenesis.
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Spermatozoa

Acrosomal vesicle

Nucleus

Mitrochondrion arranged
in a spiral

I— Flagelium -

Tail piece
(50 pm)

\

Fig 11 : A Mature Spermatozoon
in Longitudinal Section

Parts of spermatozoa
1] Head, 2] neck, 3] body,4] tail and 5] end piece
Spermatozoa are motile cells.

Motility of spermatogoa - Its vaginal motility is 1-3 mm/

min.

After entering in vagina sperm takes 45 minutes to reach
fallopian tubes.

Fate of spermatozoa cell

In vagina sperm is viable for 72 hours. If ovum is absent or if
fertilization doesn’t take place than sperm degenerates or die

after 72 hours.
Semen (Seminal fluid) - seminal fluid consist of sperms,

secretion of seminal vesicles, and prostatic secretion,
secretion of bulb urethral glands.

Average volume of semen: 2.5ml to 5 ml per ejaculation.
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Normal sperm count: 50 to 150 million / ml.
Oligospermia: Sperm count less than 20 million/ml
Ph of semen: 7.20 to 7.60

Appearance of semen: 1] Milky due to prostatic secretion, 2]
Mucoid due to bulbourethral secretion.

Functions of semen

1] To provide transportation medium for spermatozoa.
2] To provide nutrients to.sperms.

Enzyme present in semen

Seminal plasmin
This enzyme destroys bacteria.

When semen is ejaculated into vagina, liquid semen
coagulates. This seminal clot liquefied within 5 to 20
minutes. Due to liquefaction sperm can reach cervix of the
uterus.



Chapter 10
Ojas

HEUTIERA_ 3 e’ |
Ojas is a sara (essence) of all dhatus. Ojas is vigor. Ojas is an

independent principle of Ayurveda, the principle which
supports life, which protects life against various diseases.

Definition
T AT Y I A 6 T 3: | I | 30W: qRa
a9 3fd 344 g | (Dalhan on Su.Su. 15/19)

Essence of all seven dhatus is called as Ojas, on which
strength of the body depends. The word strength is applied

to many concepts. For e.g. strength means immunity.

Ojas provides strength to body; hence body can be sustained
against various infections.

Synonyms
Dhatu sara, dhatu teja, bala, prana, dhatu sneha, jiva shonita,
rasa, shukra sara are synonyms of ojas which indicates its
vitality in life.
faforer], ofiwr: (gefafa) oo et 97 |
(Chakrapani on Cha. Su. 15/9)
Types - 1) Para ojas and 2) Apara ojas

Volume of Para ojas is 8 drops and its site is heart. Site of
Apara ojas is whole body and its volume is %2 Anjali.
| fe firef wegg WA da® | (ChaSu. 17/74)
dufefa rousEi-—aa  IEfigwy oftw: 30 wefafr) O
HR— TTEEISEsE faat geasar” 3 | T aTfass W
3 AT | SrefSferaRmmt g a5 3fte: ag 3maH |
(Chakrapani on Cha.Su. 17/74-75)
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FHRAIRINA: a6 v figwe e ged @ |
(Arundatta on A. Hr.Su. 11/37-38)

Formation of Ojas

ﬁmaﬁwﬁﬁﬁmml

Hadr ged wwfawa aeqq 1|
TR g Asia et ag geatEae !
FEiwEEE: o I3 sfafean:’
(Cha.Su. 30/9-11)

Function and formation of ojas has been explained in

Charaka Sutrasthana.

The description of ojas in the above verses is applicable to
the formation of Para ojas.

At the time of conception, ojas is the essence of shukra and
artava, which is called as garbha rasa. This garbha rasa is a
nourishing fluid, which nourishes growing embryo.
According to Ayurvedic concept of embryology, fetal heart is
formed in 4th month of gestation.

After heart is being formed in the fetus, the ojas which is
nourishing the garbha enters heart and then cardiac activity
of fetus begins. The ojas which nourishes the garbha and
which enters the heart of garbha is a Para type of ojas of
garbha.

Destruction of Para ojas results in death.

‘Ol AI(Y @ T SRR |
TS T FEAS: S S
(Hemadri on A.Hr.Su. 11/37)

Apara ojas pervades whole body through circulation of rasa-
rakta. It is essence of all dhatus and predominantly exists in

rasa, shleshma, and rakta and shukra dhatu.
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‘R FEgRE g wEER Ay )
g WA T W o
(Chakrapani on Cha.Su. 30/7)

As bees collect honey from the fruits and flowers, that way
essence of all dhatus comprises ojas. This description of ojas
formation is applicable Apara ojas.

Ojas and Food

Formation of Apara ojas depends on qualities of dhatus.
Dhatu formation depends on quality of food digestion of
food. Therefore food, jatharagni plays important role in the
formation of ojas.

TR Trferer TeEviioE = | (Su.Su. 1/28)

Sattvic vegetarian food enhances formation of ojas.

‘vl 9 Rt ¥ | ‘
SNSASSTE: Wongieh SgfiRga:’ I (Cha.Chi. 15/2)

Different opinions regarding Ojas

Ceanenn a.hag ml

T Igeer I T gwwEEE:’ 1| (Sharngadhar 1/5/17)
T T A | | (A.S.Sha. 6/29)
‘TFaR] T6 S fFFd T I |

¥ ¥&N: W FR ¥ 9 TEREE 11 (Cha.Su. 17/117)
‘F%: i 7o, WY ¥ WEeiT 91
wRIsfaafigeiSt g FHe e’ 1) (A.Hr.Sha. 3/63)
1. According to Sarngadhar, Ojas is an upadhatu of
shukra dhatu.
2. Ojas is an essence of shukra.
3. Ojas is like a shleshma (kapha).
4. Accrding to Ashtang Sangraha, Ojas is the mala of
shukra dhatu.

‘U Qde: R gafiEm | e 8t oy 39 e
3 YT |
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5. Every drop of milk consists of ghee, but it is invisible.
In the same way every drop of shukra dhatu consists
of ojas.

Qualities of kapha dosha and ojas are same. The body
strength depends on balanced kapha dosha and ojas.
Shleshma and ojas promote cellular growth and prevent
cellular destruction. Hence shleshma and ojas are inter-
dependent concepts.

TIIUIIANA Fu—quievaged AW TS afd: e I,
wiferd, wiffa’ | (Cha.Sha. 7/9)
Ojas protects life, hence it is a pranayatana. It is an
important site of prana, if ojas is affected it can cause sudden

death.

Qualities

‘T forefa egg wHHTTdaHT |

To% S we: TRisREssdfon 1

wftfefvl meRd @i T’ (Cha.Su. 30/74-75)
Ojas which resides in heart is predominantly yellowish;
reddish in colour. Appearance of ojas is like ghee. Its taste is
like honey and the smell is like fried paddy (laja).

T Eid g vaest deel Ayl R

yus fufesel st TR a9 1l (Cha.Chi. 24/31)
Heavy, cold, soft, sweet, stable, fresh, slimy and unctuous-
ness are the qualities of ojas.

Functions

& faef aegg Tfueadiassd |

3 YRR WA qanena famata’ (1 (Cha.Su. 17/74)
Destruction of ojas residing heart causes death ojas which
resides in the heart is a Para type of ojas, which protects life.

Para ojas is a site of prana hence to protect life is the function
of ojas.
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BE S e 0 L o R 1 G L M R

TG @RS | 9 Sod  Redufaaniear geanyg
37feeTe: TERETNHTE: SR, M= 9 e sfaaraata |

(Dalhan on Su.Su. 15/19)

Dhatus, ojas and bala are interdependent constituents of the
body. Ojas enhances stability of mamsa dhatu. Ojas increase
endurance power. All physical and mental activities run
smoothly. Ojas maintains complexion and voice. Ojas
stimulates functions of five senses and mind, ojas maintains
integrity of body - mind - senses - soul.

‘mﬁqﬁ FT mm;’ | (A.S.Su. 11/43)

Energetic state of mind (tushti), growth of body and strength
depend on ojas.

Disorders of Ojas
Destruction of Para ojas leads to death.

Disorders of Apara ojas are: 1) Ojovyapat, 2) Ojovisramsa
and 3) Ojahkshaya.

In ojovyapat flow of Apara ojas is obstructed, while in
ojovisramsa it gets contaminated by the vitiation of doshas.

Symptoms of Ojovisramsa
gf-afergetst T ¥ QweAe frasafRivg’ |
(Su.Su. 15/24)
Weakness in joints, numbness, body weakness, displacement
of doshas from their proper sites. Suppressed physical and
mental activities are the symptoms of ojovisramsa.

Ojovyapat
In ojovyapat, ojas is contaminated by vitiated doshas and
dhatus.

mm@mmam |
(Su.Su. 15/24)
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Heaviness in the body, restricted body movements, edema
due to vitiated Vata, drowsiness, and excess sleep are the
symptoms of ojovyapat.

Varnabheda (change in the colour complexion) is a symptom
of ojovyapat.

Ojas is vitiated in prameha, and in pandu also, so the
symptoms of prameha and pandu can be taken as ojovyapat.

Ojahkshaya
Over exertion, dieting, dry light food, exposure to hot windy
climate, depression, less sleep, over indulgence of sex,
vomiting, dhatu kshaya, old age, trauma, anger and anxiety
are the few causes of ojahkshaya.

farif qeitssient emafa fadftza: |

TSR g w: gWAASE: 2 11 (ChaSu. 17/73)
Weakness, fear, fatigue of sense organs, dryness of body,
imbalanced mind and depression are the symptoms of ojah-
kshaya.

According to Sushruta, syncope, mamsa dhatukshaya,
delirium and death are the symptoms of ojahkshaya.

‘Teai ATl Wig: e WAkt 9 & | (Su.Su. 15/26)

In this way though ojas can not be shown in the body, but its
existence can be felt by its action on the body. Proper
function of all srotasas, body growth, stability of mamsa
dhatu, proper functioning of five senses, proper circulation
indicates normal functioning of ojas.

Vyadhikshamatva (Immunity)
‘e W AU s Jardaergded, 3
(Chakrapani on Cha.Su. 28/7)

Concept of immunity comprises of two factors:

‘AT e |
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1) Resistance to formation of diseases and resistance to
causative factors of diseases.

‘rfeafRfaay |
2) Capacity to prevent the spread of diseases in the body and

capacity of body of blocking the diseases in its primary stage
is called as immunity.

Importance of Immunity

R TERERE 3 Sfafene:” |
Conservation of health and to cure diseases is the principle of
Ayurveda.

If people belonging to same socio-economical background
- are exposed to same type of environment, then some of them
will suffer from respiratory disorders, some of them will
suffer from gastro-intestinal disorders, or some people will
not be affected at all and they will be able to maintain their
health status. This is because of difference in immunity level
in these persons.

Ayurveda emphasizes on the people having good immunity
and people who have poor immunity or people who lacks
immunity. We must know the factors responsible for good
immunity and those who lack immunity.

Following factors maintains vyadhikshamatva (immunity)-

1. Uattam dhatu sarata.

2. Normal functioning of srotasas,

3. Normal functioning of agni,

4. Ojas, Kapha dosha,

5. Balanced state of doshas, dhatus and malas.

6. Kapha constitution is a less prone to diseases.

7. Causative factors of vyadhi will not be able to attack
healthy srotasas.

All the factors mentioned above leads to good body strength.
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Dhatu sarata, balanced state of doshas, health of srotasas and
Agni must be maintained with proper diet and regimen to
maintain immunity.

But in spite of proper diet and regimen some people get
affected by causative factors of diseases, and suffer from
various disorders.

What are the factors which lowers the immunity?

wfr 7 sifoegenty sfagwty sffagaiwaiiE eredif gdenfa
I RN UM SRR STeqeran & waf< srefiwgi
faufarfs g =nfameifa o ~ (Cha.Su. 28/7)

Immunosuppressant  factors according to Ayurvedic
concepts are - Obesity, emaciation, unhealthy condition of
mamsa, rakta and asthi dhatu, weakness, faulty diet, fasting,
mal nourishment and unstable weak mind.

The immuno-suppressant factors affects doshas, dhatus,
srotasas and agni, lowers the immunity of body, and such
people can not with stand causative factors of diseases and
suffer from various disorders frequently.

‘FegfeRte IR Wﬂaﬁalaiam—amg@%@m
JATIEN A °, @I FAI: ATNTHT, STEREI, T I
Qe ¥, qesuq 9, @uadiats: 9, dted 9, 9 9, ge 9
gfa’ | (Cha.Sha. 6/13)
1. Heredity (Anuvamshikata)

2. Middle age (Madhya vaya)

3. Winter season (Hemanta ritu)

4. Suitability of all types of food and environment.

5. Energetic state of mind, young age and proper exercise
promotes immunity.

IMMUNITY
Human body has capacity to resist micro-organisms or
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toxins, which can damage tissues or organs. This capacity of
resistance is called as immunity.

Types of Immunity
!

|
1) Innate immunity 2) Acquired immunity.
Innate Immunity: It is a non-specific resistance of body to

micro-organisms.

Acquired Immunity: Most of the immunity is acquired
immunity. ,
Acquired immunity is developed when human body is
attached by micro-organisms for the first time.

Innate immunity:
Innate immunity includes following processes to protect
body from micro organisms, they are:

1. Phagocytosis by white blood cells.

2. Intact skin resists organisms to enter the body.

3. Mucous traps microbes in GI tract and respiratory
tract.

4. Hairs in the nose filter dust, microbes in the nose.

5. Saliva washes debris, microbes from the teeth and
oral cavity.

6. Acid in stomach kills organisms.

7. Lacrymal fluid protects eyes from dust and orga-
nisms.

8. Some chemical compounds in the blood attacks or-
ganisms and destroy them.

Chemical compounds in the blood are -

1) Lysozyme -It attacks bacteria and destroy them.

2) Complement complex -It is a group of 20 proteins present
in the blood. They destroy the bacteria.

3) Properdin - works with complement.

7S.K. 11
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4) Interferon - Protects uninfected host cells from viral
infections.

Role of lymphatic system in immunity
Lymph nodes filters lymph and foreign bodies, tonsils and
spleen produces lymphocytes and antibiotics.

Types of Acquired Immunity are

1) Cellular immunity
2) Humoral immunity

Antibody formation - activated T lymphocytes are produced
in cellular immunity, which is called as T cell immunity.

In Humoral immunity antibodies are formed against specific
antigens, this type of immunity is called as B cell immunity.
Cellular Immunity - In cellular immunity specially sensi-
tized T lymphocytes are formed. In embryonic life T lym-
phocytes are preprocessed in thymus gland, hence called as T
lymphocytes.

T lymphocyte are then migrated to lymphoid tissue.

1. T lymphocytes come in contact with antigen.

2. Large number of activated T cells are released in blood
through lymph.

T cells are classified into three major groups:

1) Helper T cells 2) cytotoxic T cells (3) suppressor T cells

All three types of cells are required for cellular immune
system to work.

Humoral Immunity (B cell Immunity)

In humoral immunity antibodies are formed by B
lymphocytes against antigens. '

Antigens (Ags): Antigen is a chemical substance which enters
the body, causes body to produce specific antibodies by B
lymphocytes.
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Antibodies (Abs): Antibody is a protein produced by B

antigen.

Each antibody is specific for a particular antigen. Antibodies
belong to a group of proteins called as globulins, so the
antibodies are called immunoglobulin (Ig).

Types of Immunogobulins (Ig' )
1) IgG (2) IgA (3) IgM (4) IgD (5) IgE

Chemical structure of each antibody is different. IgG anti-
bodies are most numerous antibodies. Normal person has

75% IgG
IgG enhances phagocytosis.

Immunization

Immunization is an acquired immunity against specific
diseases. Various vaccines are injected to protect against
several diseases, vaccines are prepared either directly from the
dead organisms. These dead organisms have their chemical
antigen but they cannot produce diseases, antibodies are
formed in the body against these specific antigens and
person gets immunized against particular disease, for e.g.

typhoid, whooping cough and diptheria.

In some vaccines, organisms are grown artificially in the
animals; these organisms are attenuated organisms still carry
antigens required for immunization. Such attenuated
vaccines are used to protect poliomyelitis measles, small pox
etc.

Passive Immunity

Acquired immunity is an active immunity because body
develops antibodies or activated T cells in response to
antigen. But in passive immunity direct antibodies or
activated T cells are injected. These antibodies remain in the
recipient’s body for 2 to 3 weeks and person is protected
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against disease. This type of transfusion of antibodies is
called as possessive immunization.

Transfer of antibodies from breast milk to body is also a type
of passive immunity.

Disorders of immune system

1) Allergic diseases in which antibody antigen reaction
causes harmful side effects. People may have allergy of
specific food dust, clothes etc.

2) Autoimmune diseases: Body develops antibodies against
its own tissue. Rheumatoid arthritis, hyperthyrodisom,
glomerulo nephritis are autoimmune diseases.

3) Acquired immune deficiency syndrome (AIDS)

This disease attacks immune system. There is deficiency of T
cell lymphocytes, so patient can’t stand against any infection.

o



Chapter 11
Upadhatu - Secondary Tissues

Definition
Secondary tissue is the important concept in Ayurveda.
Secondary tissue is formed as a byproduct of tissues during
metabolism of the tissue.

‘W W T TGS HUST: 4T |

AIGTE 9T = 9 T AqH: TgEE:’ |l

(Cha.Chi. 15/7)

Information about concept of ‘upadhatu’ is explained in 1st

chapter of this book.

Dbhatu Upadhatu
Rasa Stanya, Raja
Rakta Sira, Kandara
Mamsa Vasa, Twacha
Meda Snayu

Asthi *Danta
Majja ~ *Kesha
Shukra *QOjas

*According to Sharngadhara Sambhita, danta & kesha are
upadhatus of asthi & majja dhatu respectively.

*According to Sharngadhara Samhita Ojas is the upadhatu
of shukra dhatu.

Upadhatu of Rasa

1) Stanya: Breast milk
‘@ o W= 3uwrd:’ | (Adhamalla on sha. 1/15,16)

Stanya is the secondary tissue (upadhatu) of rasa dhatu.
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Stanya is the secondary tissue pertaining to female body
only.

Stanya is secreted in the female breast in the purperium
period immediately after the baby is being delivered.

Nirukti of Stanya (Etymology)

For the nourishment of baby the milk which is secreted in-
the breast is called as Stanya.

Synonyms
Paya, dugdha, kshira, gorasa are the synonyms of stanya.

Site of Stanyavaha srotas
“gifa g FHlf A3 AT |
W wHeERf Ao =@ (A.Hr.Sha 3/40)

Breast is the root of stanya vaha srotas. Stanya is formed in
breast and, expelled out from the nipple.

Breast is a secondary sex organ of females. After puberty,
growth of female reproductive system begins. During that
time, along with growth of other organs of artava vaha srotas,
breast enlargement also starts which is called as budding of
breasts.

ORI Hgagil: S TG |

qEWE SeraE Aol 9 an O |

w9ERd fagar s | (Su.Ni. 10/16-17)
Raja, the secondary tissue of rasa, enhances breast
development.

Two dhamanis of breast conduct breast milk and breast milk
is expressed out of the nipples.

2 (vw=l) @ fararaed: waEi | (Su.Sha. 9/5)

Pregnancy & breast development during pregnancy
TRraTSiom 3t 7 ga qewg 3TY: g ST, TR MHE
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AT TR | I 9 Sedaoy AP Tl g aeg ive:
diRiaaUae safa’ | ‘ (Su.Sha. 4/24)
During pregnancy reproductive srotas (artava vaha srotas) of
a pregnant woman gets obstructed by the fetus & hence
menstrual cycle is ceased during pregnancy.

Obstrpﬁtcd raja takes part in the formation of placenta
(apara) while the rest of raja ascends, reaches the breasts &
breasts of the pregnant woman become full & heavy.

Formation of breast milk

T WY YRR |

FoACE WA W Wfeafiad’ 1 (Su.Ni. 10/18)
Stanya is the secondary tissue of rasa dhatu. Rasa dhatu is
formed from digested food. Rasa dhatu circulates in the

whole body, when rasa dhatu reaches breast, stanya or breast
milk is formed from the sweetness of rasa dhatu.

Touch, sight or even thought of child stimulates secretion &
expulsion of breast milk.

‘faoT gegsaml fagdaarn sgfad: |

Ferasty aq¥ ar i @ s (A.Hr.U. 1/11)
Immediately after labor, artava vaha srotas constricts due to
excess of vata dosha & due to these lactiferous ducts in the
breast dilates & actual secretion of milk begins on the 3rd or

4th puerperal day.

On the first & second day of purperium, breast secretes
thick, heavy, yellowish fluid which is called as piyush & from
third day actual milk is secreted.

Volume of breast milk - 2 Anjali.
‘grawett § W= | (A.Hr.Sha. 3/82)

Importance of breast milk
‘A e W e eged’ | (A.Hr.Su. 1/16)
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All infants should be fed on breast milk. Breast milk
enhances growth of body and it also provides i 1mmumty to

the baby.

Qualities of breast milk

Breast milk is sweet, unctuous, light 8¢ it is easily assimilated

by child.

‘I &fites ety qvee |
we wfeant = woe ag i o (Su.Ni. 10/25)

Normal breast milk easily mixes with water. It is white &
sweet and produces satiety in child.

Functions of breast milk
‘Sta geul W e WS T 1 (Cha.Su. 27/224)
‘Stae S A9 @ SeiEeaan |
(Dalhan on Su.Su. 15/5)
Breast milk is formed from the digested food of a mother, so

it contains all the nutrients required for proper nourishment
of body constituents.

Infant can easily digest breast milk. Breast milk built up
immunity in the child. Breast milk is a complete food for the
infants. For first 6 months breast milk should be given to

child.

Factors responsible for secretion of breast milk
1) Secretion of breast milk depends on proper nourishment
of Rasa dhatu.

2) Secretion of breast milk depends on diet of mother. Sweer,
liquid, light food will enhance secretion of breast milk. Diet
of lactating mother should consist of sufficient quantity of
water, milk, ghee, green leafy vegetables. Sweet herbs like
shatavari stimulate lactation.

‘SREAfERd Tty famm: |
FRATYIEYING G SRS’ 1) (Su.Ni. 10/20)
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3) Lactating woman’s affection towards child is the most
important factor for proper lactation. Touch or even sight of
baby stimulates secretion of breast milk.

4) Psychological status of lactating woman also has effect on
lactation. Sad and depressed mood can inhibit secretion of
breast milk.

2) Raja

Raja is the secondary tissue of rasa dhatu.

Regular production of raja indicates well functioning of
female reproductive system. In Ayurveda raja & artava these
two words are used as synonyms of each other. To avoid

confusions, specification of the terms raja & artava have
done which will be described shortly.

Artava

‘Tt yafa 3 emda 1 (A.S.Sha. 1/10)
Artava means ovum which is responsible for fertilization.
Ritu indicates specific time or period. The time in which
ovumn (artava) matures is called as ritu or ritukala. The
constituent which is produced in ritukala, is called as artava
or streebeeja.

Definition of artava
WU Yk T T | WA T T S |
(Adhamalla on Sharngadhar 1/6/11-12)
‘THETRIOTH 3TTdd el | (Su.Su. 15/5)
In female artava (ovum) is responsible for fertilization.

Panchabhautika constitution of artava

‘3Tt q e | (Su.Su. 14/7)

In artava, there is predominance of teja mahabhuta.

Formation of Artava

‘T AR W G W add A’ | (Su.Su. 14/14)
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In female it takes one month to form artava from ahara rasa.

Ritu kala

Exact period of fertilization is called as ritu kala.

mmﬂaﬁqgﬁa SREHasy srias a=’ |
(Su.Sha. 3/6)

The first twelve nights after the cessation of menstrual flow
are considered as ritu kala.

~ Site of Artavavaha srotas

‘Haar 3 TE TR Saafeay wHe:” |

(Su.Sha. 9/12)

Sushruta has described artava-vaha srotas. Roots of artava
vaha srotas are uterus & tubes conducting artava. (artava-

vahi dhamanis).

Concept of Raja

aify Wiy o W S wafd =w |

FeQUERuRHE A dawd: F i (A.Hr.Sha. 1/7)
Bleeding per vagina for three days every month is called as
raja. This period is called as rajakala or menses.

Menses commences in female at the age of 12 & ceases at the
age of 50 years. Raja is a constituent which is excreted during
menstrual phase of menstrual cycle.

Appearance of healthy raja

TR A qeT T |

dadd yvrEf g 9 A 1 (Su.Sha. 2/17)
Colour of artava is red like blood of hare or lac. It leaves no
stain on clothes and can be washed off easily. The description
of artava in this verse implies to raja.

‘qiIArafad H TRt aara

$yegwi fmd 9 argAffgE R | (Su.Sha. 3/10)

The raja which is accumulated in the uterus in one month is
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brought to cervix of the uterus & under the influence of
vayu; this raja is excreted in the form of vaginal bleeding.
This vaginal bleeding is odorless & blackish. .

Raja is responsible for growth of endometrium of uterus, so
that fertilized ovum can be - ‘implanted in the uterus. If
fertilization doesn’t take place then non fértilized stree bec;a
is excreted in the form of vagmal blcedmg

Volume of raja - 4 anjali. - B |
FHT T: SEEGER: | (A.S.Sha. 5/124)

Factors responsible for regular menstrual cycle

1) Healthy reproductive system (Female reproductive system
includes uterus, ovaries, fallopian tubes and vagina).

2) Proper formation of rasa dhatu.

3) Proper functioning of Apana vayu.

4) Proper diet & regimen.

Effects of menstrual cycle on female body
‘W ¥ STEEER A TR wvERtgiadat |
| (Su.Su. 14/18)
Raja enhances growth of organs of female reproductive
system (growth of artava vaha srotas). Raja also stimulates
growth of secondary sex character i.e. development of breast.

Function of Artava
‘yROtTaSEEEn g Uq e T |9 & |
(Cha.Sha. 4/5)

Artava unites with shukra to produce fetus.

Function of Raja

TR, SdEEe wiew aoity e T, qRg
T SIld 7 gYEd; qawg on: Wfagaq, ey I AW
R ST TR | W T I T T sifmged
g o dquE ot | (Su.Sha. 4/24)
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In pregnant woman, due to growing fetus, menstrual cycle
ceases & the raja then forms placenta (apara) & helps in
breast development.

W FREERT Wy e faenead |

e IR uRg yeaa: faa i

(Dalhan on Su. Chi. 11/3)

According to Dalhana, due to menstrual bleeding female
body is internally cleansed hence women don't suffer from
the diseases like prameha. This opinion of Dalhana is a
subject of research.

Disorders of Artava

1. Menorrhagea, body ache, foul smelling, menstrual flow

are the symptoms of increase in artava.

‘e Ay SfemgRi Sl 9 1 (Su.Su. 14/16)

2. Irregular menses, oligomenorrhaea, dysmenorrhea .are
symptorns of artavakshay . ’

‘AdaRd TOfaaEee Yt a1 AFEET T 1 (Su.Su. 14/2)
Physiology of Menstruation:

Organs of female reproductive system:
1) Uterus 2) Fallopian tubes 3) Ovaries

Ovaries

Anatomical features of ovaries are as follows:
Number - 2

Synonym: Female gonads

Width of ovary: 3.5 cm

Thickness: 1.5 cm

Position: Situated in the upper pelvic cavity one on each side
of the uterus.
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Fig 12 : Female Reproductive System

Histology
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Fig 13 : Ovary (T.S.)

Each ovary consists of following parts:

Germinal epithelium - It is a simple epithelium that covers
surface of ovary.

Tunica albuginea - Connective tissue covering lies beneath
the epithelium.

Stroma - Parts of stroma are cortex & medulla.
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Cortex - Outer functional part of ovary contains ovarian
follicles.

Medulla - Inner loose layer of connective tissue of stroma.

Ovarian follicles - Immature ova in various stages of
development.

Graffian follicle - Large follicle filled with fluid contains
immature ovum. This follicle secretes hormone estrogens.

Corpus luteum - Formed after ovulation due to rupture of
graffian follicle, secretes progesterone.

Functions of ovaries

1. Production of secondary oocyte.

2. Ovulation (discharge of oocyte)

3. Overies secrets female hormones such as- 1) cstrogen, ii)
progesterone, iii) relaxin and iv) inhibin

Development of oocyte
Oogenesis: Formation of mature ova in the ovaries is called
as oogenesis.

Primordial follicles

Primary oocyte surrounded by a single layer of flattened
follicular (epithelial) cells is called primary follicles. At the
age of puberty, primary oocytes develop into primordial
follicles.

From puberty, development of primordial follicles begins
under the influence of follicle stimulating hormone &
leutinizing hormone (ES.H. & L.H.)

Graffian follicle

This follicle is developed from primordial follicle. At the
time of ovulation Graffian follicle rupture.

After rupture of Graffian follicle, secondary oocyte is
released in the pelvic cavity this process is called as ovulation,
After ovulation, in presence of sperm, secondary oocyte
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splits into ovum (mature egg). This ovum unites with sperm
forming zygote.

Ovum is a hyploid cell, because it contains 23 chromosomes.
(n); Oogonium is a diploid cell because it contains 23 pairs
of chromosomes (2n); Development of hyploid (n) ovum
from diploid oogonium (2n) is called as Oogenesis.

Ovarian cycle
Cyclic changes taking place in the ovaries during & after the
maturation of an oocyte, this is called as ovarian cycle.

Menstrual cycle (Artava charka)

Phages of Menstrual Cycle - 1) Menstrual phase, 2) Preovu-
latory phase (proliferative), 3) Ovulation and 4) Postovulato-
ry phase.

Changes taking place in the endometrium of the uterus are
for the purpose of preparing the saebed for fertilization of
ovum. If fertilization does not take place, then the endome-
trium (stratum functionalis) is shaded this is called as mens-
trual cycle.

Female reproductive cycle consist of ovarian as well as
menstrual cycle.

Hormones controlling female reproductive
cycle are as follows:

Hormones of Anterior pituitary - i) ES.H. - Follicle stimu-
lating hormone, ii) Leutinizing hormone (LH)

Ovarian hormones: i) estrogen and ii) progesterone and

GnRH, a hormone secreted by hypothalamus controls
female reproductive cycle.

Menstrual cycle:

1) Menstrual phase:
Synonym: Menses, menarche.



112 Sharir Kriya Vijnan

Duration: 4 to 5 days.

Uterine events: i) shading of endometrium of uterus along
with unfertilized ovum, ii) rupture of blood vessels.

Contents of menstrual flow: i) 50-150 ml. blood, ii) tissue
fluid, iii) mucus and iv) epithelial cell.

After each menstrual cycle, endometrium becomes thin and
only stratum basalis remains. The menstrual fluid passes out
of vagina.

Cause of discharge: Low progesterone level.

2) Preovulatory phase

This phase is between menstruation & ovulation.

Duration: 6 to 13 days in 28 day cycle. During this phase
under the influence of ES.H. secondary follicles begins to
grow. Then one secondary follicle develops into graffian

follicle. v
Size of graffian follicle: 20-22 mm in diameter.

Follicle secretes estrogen: Effect of estrogen on uterus in

preovulatory phase -i) repairing of endometrium, ii) growth
of endometrium.

3) Ovulation

Rupture of graffian follicle & the release of the secondary
oocyte into the pelvic cavity is called as ovulation.

Ovulation occurs on the 14th day in a 28 day cycle.

High levels of estrogen & LH are responsible for ovulation.
After ovulation corpus luteum is formed in the cavity of
ruptured follicle.

Function of corpus luteum

Corpus luteum secretes following hormones - i) progeste-
rone, ii) estrogen, iii) relaxin and iv) inhibin.
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4) Post ovulatory phase' (Luteal phase)

1) LH stimulates growth of corpus luteum. During this
phase progesterone level increases. This is also called as luteal
phase.

Effect of progesterone & estrogen produced by corpus
luteum on uterus - Due to these hormones endometrial
glands grow in size, blood flow of endometrium increases
and endometrium thickens up to 12- 18mm.

These uterine changes take place one week after ovulation
for implantation of fertilized ovum. If fertilization doesn’t
take place then corpus luteum starts degenerating after 2
weeks of ovulation.

Effects of degeneration of corpus luteum

1) Progesterone & estrogen level of blood decreases,

2) Inhibin level decreases

3) Due to negative feedback, level of GnRH, FSH, LH
increases.

4) And due to decrease in estrogen & progesterone levels,
menstrual phase of menstrual cycle begins & in ovaries
growth of new primordial follicles into secondary follicles
begins.

Amenorrhea: Absence of menstruation

Menopause: Stoppage of menstrual cycle after the age of 45.

Puberty: The age at which secondary sex characters of male
& female starts developing is called as the age of puberty.

Upadhatu of Rakta
1) Sira (Blood vessels)

Definition of sira

“wrome_ fa: | (Cha.Su. 30/12)
Siras are hollow structures which originate from the heart.

8S.K II
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Siras conduct rasa & rakta dhatu in the body.

Embryology of sira

ASH: WA a0 S |

fauon g 95 T WAl 9 9 @ 1(Su.Sha. 4/29-30)
In the fetal life blood vessels are formed from the sneha of
meda dhatu. Due to mridu paka, soft and flexible sira are
formed in the body.

Number of sira
According to Ayurveda there are 700 sira in the body.

Functions of sira v

‘wo farera waf; i wwRm g9 Semfeif: deR 5@
¥ FeA IR S TR SIpEarunerafden:; gra-iae ari
sar:; ar e, qag sagETeiads 7 ) (Su.Sha. 7/3)
The verses from Sushruta, describes network of blood vessels
present in the body. Here network of blood vessels is
compared to the network of veins present on the central vein
of the leaf of a tree.

Central vein of the leaf gives off many branches, in the same
way blood vessels originate from the heart & ramify to form
network in the peripheral region of the body for supplying
nutrients to every cell of the body. Blood vessels nourish the
tissues like the central water canal in the field. Supply of
nutrients is called as 'upasnehana’.

Functions

i) To conduct rasa & rakta dhatu along with doshas ii) To
conduct nutrients to tissues and iii) To conduct prana to
tissues, are the functions of siras.

Types of sira
‘AU arEel: [N A |
farargeng feng e M. ferw: FwE |
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Frgrere] Afgwa: farw Aegoreliet” I (Su.Sha. 7/18)

On the basis of predominance of particular dosha, siras are

divided into 4 types.

1) Gauri sira: Sira which are whitish in colour, & carries
predominantly kapha dosha along with rakta.

2) Neela: These are bluish in color and carry pitta dosha with
rakta dhatu.

3) Aruna sira: The sira which are yellowish red in colour &
which carry vata dosha.

4) Tamra sira: These red colored vessels conduct pure rakta

dhatu.

Siras are upadhatu of rakta dhatu. Hence disorders of rakta
affects blood vessels, e.g. i) engorgement of blood vessels
(sirapurnatva) due to rakta vriddhi and ii) collapsing blood
vessels (sirashaithilya) due to decrease in rakta dhatu.

Fat or medo dhatu is a constitutional content of the blood
vessels so disorders of medo dhatu also affects blood vessels.

Increase in medo dhatu in the body affects blood vessels &
excess of meda deposits on the innermost membrane of the
blood vessels. Knowledge of blood vessels is clinically
important to understand relationship between disorders of
rakta & medo dhatu & blood vessels.

2) Kandara (Tendon)
‘gerg FTST:’ | (Su.Sha. 5/31)
‘TR ST ¥ 9 | (Dalhan on Su.Sha. 5/29)
According to Sushruta Samhita Kandara is the type of vritta
(round) snayu, which are large & long.
There are 16 Kandara in the body.
‘HEW FUET:’ | (Su.Sha. 5/11)
Al wqE: URd:  dadewieyeiafd saaigas:, i
qd49:, T@ Tqa:’ | (Dalhan on Su.Sha. 5/11)
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4 Kandara are present in lower extremities
4 Kandara are present in upper extremities,

. 4 Kandara are present in the neck region and
4 Kandara are present in the back

During intra uterine life Kandara are formed from the sneha
of medo dhatus. Due to action of Agni & Vata dosha, the
sneha of medo dhatu become firm, stable & tough & snayu
& Kandara are formed. Kandara can be compared with
muscle tendons.

Kandara fastens the joints of the neck, back & extremities
very firmly, hence all the joints can perform various move-
ments and bear force applied to it. Firmness of back, neck &
head depends on the strength of Kandara.

Upadhatu of Mamsa

Upadhatu of Mamsa dhatu are 1) Twacha (Skin) & 2) Vasa
(Muscle fat). '

1) Skin (Twacha)

Synonyms: Twak, charma, valka, valkal, sparshan, chadani
are the synonyms of skin.

Formation of skin _
‘T GeaIga JFREITAI=a e & a9
e et | (Su.Sha. 4/4)
In the fetal life skin is formed & deposited on rapidly
growing embryo in the same manner as layers of cream are
formed on the boiling milk. Due to similarity between

function of skin & mamsa dhatu, skin is considered as a
secondary tissue of mamsa.

Function of mamsa dhatu is to cover the bones & give
support to the body. Skin also exist in the form of external
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covering of the body & protects the body. Skin is nourished
at the time of metabolism of mamsa dhatu.

Relations of skin to doshas.-dhatus & malas

1) Skin is the largest sense organ of touch

2) Skin is the seat of vata dosha.

3) Skin is the seat of bhrajaka pitta.

4) Radiant glowing skin indicates proper functioning of
rakta dhatu. '

5) Person who is endowed with uttam rasa sarata has
beautiful and delicate skin.

6) Waste product of majja dhatu is excreted through skin &
keeps skin unctuous.

7) Healthy skin is the mirror of balanced doshas, dhatus &
malas. '

Functions of skin

1) Conduction of touch - Skin is a seat of Vata dosha,
function of vata dosha is to conduct touch impulse. Vata
dosha in the skin allow us to know various types of touch &
protect the body from harmful types of touch which can
produce pain.

2) Maintenance of complexion of skin - Bhrajaka pitta is
present in the skin, which maintains normal colour of skin.
Skin is permeable to oils & fats. Medicated oils and fats
which are applied during abhyanga, are absorbed through
the skin & digested by bhrajaka pitta. Later on these
substances can nourish the skin & other structures beneath
the skin. Therefore various herbal pastes applied to the skin
can improve the skin complexion as well as they can be
useful for treating different skin disorders.

3) Lepana is the function of skin & so skin protects the body.

Layers of skin according to Charaka
TR 9T ww:; TOw—SeHuT @ e, it g s, e
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fefeareaem  fyemr | oqff <greunE  afyemr,  dEA
Frrstifsetaee AfueH, ve g g foaal amfa o9 39 9 a9
sfawfa A = Iy e o SN, Y ORI wenenty
FEICRSLIEEC (Cha.Sha. 7/4)

According to Charaka there are six layers of skin:

1) 1st layer: Udaka dhara

2) 2nd layer: Asrigdhara

3) 3rd layer: This layer of skin is the seat of skin diseases such
- i) siddhma and ii) kilasa, both these are comparable to

1cukoderma

4) 4th layer: The forth layer of the skin is the seat of kushtha

(leprosy) & dadru (ringworm infection).

5) 5th layer: This layer of skin is the site of skin diseases such

as- 1) vidradhi (abscess) and ii) alaji (adenitis).

6) 6th layer: If this layer of skin gets traumatized or incised

then one may get giddiness & become unconscious. This

layer is also a seat of glandular growth called as arunshi.

The first layer of skin which is called as Udaka dhara is

concerned with regulation of water balance.

The second layer which is named as Asrigdhara as it has rich
blood supply. The remaining four layers of skin are the site of
many skin diseases.

Layers of skin & related diseases are the matter of research.

Layers of skin according to Sushruta
According to Sushruta skin is made up of 7 layers.

‘ATt FERISTWIGH A, 31 §alq g et vgfayt 5 et
VA, o i STEewsnmen, fqumeeves sifueE  fidtar
AT, SrevrsmTE, faawmcm-asss sy, g ga M,
FRYYITSH,  Toea-Senfeadl-AyS  dfaerr, aqdl amn Am
SEATTT, RS SeE; T A A g,
FofaadifusHr, vet AR T dfeEmn, TeETersieTeIST-
fur, Hﬁtﬁwmaﬁﬁmm Frefasesiisismr |

(Su.Sha. 4/4)
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In Sushruta samhita thickness of skin layer is compared to
the thickness of vrihi (yava grain).

‘e T’ 1 {Dalhan on Su.Sha. 4/4)

No. of |Name of | Thickness of Name of
skin layer|skin layer | skin layer disease
1. Avabhasini | 18th part of brihi | 1) Sidhma
2) Padmakantaka

2. Lohita 16th part of brihi | 1) Tilakalaka

3. Shweta 12th part of brihi | 1) Charmadala
2) Ajagallika

3) Mashaka
Tamra 8th part of brihi | 1) Kilas kushtha

5. Vedini 5th part of brihi | 1) Kushtha

2) Visarpa
(Erysipelas)

6. Rohini One brihi 1) Apachi (Adenitis

2) Arbuda
(Mallignant/
Tumors)

3) Shlipada
(Filariasis)

7. Mamsa- Two brihi 1) Galaganda

dhara (Goiter)

kala 2) Bhagandara

: (Fistula)

3) Vidradhi
(Abscess)

4) Arsha

(Haemorrhoides)

According to Sushruta, the first layer of skin-avabhasini
reflects luster and colour of the skin, while 2nd layer of the
skin, reddish color to skin.

The remaining five layers of skin are important to explain
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relationship between these layers and skin disorders. In this
way knowledge of layers of skin gives the information of
disorders taking place in every layer, relationship of skin to
doshas, dhatus & malas. This is useful for the diagnosis &
treatment of the skin disorders.

Concept of Chhaya & Prabha (Luster)

‘FUIATRMTT S 9] JUITHI |

YA T AT M TFE TH !

i (Cha.Indriya 7/16)

Chhaya: Vata dosha is responsible for chaya of the skin. Due
to chaya the complexion and the skin becomes dull.

A veu TeuEi T fafeuersom: |

Tt e ften weer wda = o

e TIEIRUT A7 G STE 6 OF |

forgracam @rl e SR 1)

yEagdfaner g amsE Ha |

fear femen o1 v v A T W
qE! g @™ a9 w: ‘{L\ﬁmz |
Il fA Faem ggasfy ar
(Charak. Indriya. 7/10-13)

Types of chaya Characteristics of chaya

1) Nabhasi Pure, blue, unctuous, lustrous

2) Vayavi Rough, blackish, reddish, lustrous

3) Agneyi Pure, red, brilliant, charming

4) Ambhasi Clear, unctuous

5) Parthiva Stable, unctuous, solid, smooth, sky col
ored or white

Vayavi chaya may cause death or calamity while other four
types of shadows are shubha or auspicious

Prabha (Luster): Prabha shows predominance of teja maha-

bhuta.
W o & W | St Wy |
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T dien foar varen gfar grogusa 1l
a1 it g fageng an
LR GRS S ERGE e Al
(Cha.Indriya 7/14-15)
Types of Prabha (Luster) - i) Red, ii) yellow, iii) white, iv)
. blackish, v) greenish, v1) pale and vii) black.

Functions of skin:

Skin is the largest organ in the body. Skin is organ of beauty
& attraction. The functions performed by skin are given
below:

1) Intact skin protects all interior organs in the body by
preventing entry of bacteria.

2) Skin regulates body tempcraturc

3) Skin synthesizes vitamin D from sterols present in skin by
using ultraviolet rays of sun light.

4) Skin is the largest sense organ and is responsible for
sensations of heat, pain, cold and pressure.

5) Skin excretes sodium chloride & urea in a small quantity
through sweat.

6) Certain oils, fat soluble substances, drugs are absorbed
through the skin. ‘

7) Skin maintains water balance by altering sweat secretion,
for e.g. in hot climate excretion of sweat is more while in coid
climate excretion of sweat is reduced.

8) Skin stores water, fat, salt & glucose in small amount.

9) Skin secrets sebum which provides oiliness to the skin.
10) Skin reflects the age of man.

11) Melanin in skin gives colour to the skm, also melanin
protects the body from bright ultraviolet rays of sun.

2) Vasa (Muscle fat)
Vasa is the secondary tissue of mamsa dhatu.
RISICCCIRS SHA CAC (Cha.Vi. 15/7)
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YEEE g: Vg 9 g9 ufFdar | (Su.Sha. 4/13)

Sneha of shuddha mamsa is called as vasa. In Sanskrit vasa
means ‘to cover .

‘ufa IR favive: 4 sfa =@ |

‘resTeEfa YR A 3Sufes: 3fT amn’ |
Vasa is the sneha present in the mamsa dhatu. It is the muscle
fat deposited around abdominal organs. Vasa is the muscle

fat which can be obtained by boiling the muscle tissue in the
water, the fat which floats on the water is called as vasa.

According to Ayurveda ghee, oil, vasa (muscle fat) & majja
are the mahasneha (oleating substances) which can be used
for oleation therapy. Meda, vapa & vasa are used as
synonyms of each other, but they are different substances.
Meda is the tissue, vapa is the peritoneal fat.

Properties of vasa

Vasa is unctous and heavy.
Volume of vasa is 3 anjali.

‘T (IfSTerE:) FEmEn’ | (Cha.Sha. 7/15)

Functions of vasa

Vasa means muscle fat which provides strength to mamsa
dhatu. Vasa lubricates mamsa dhatu.

Upadhatus of Medo dhatu

Snayu (ligaments

Site of snayu:
Snayus are distributed in all over the body.

Embryology of snayu

Heq: HeuR faregEmTeaT |
faun g 9g: 9 WrgA 9 qa: @ 1(Su.Sha. 4/29-30)

' In fetal life snayus are formed from the sneha of medo dhatu.
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Due to khara-paka snayus are formed. The khara-paka of
snayu indicates prolonged action of fire (agni) on the sneha
of medo dhatu. Due to this snayu become tough & strong.
There are total 900 snayus in the body.

Types of snayus:
1) Pratanvati (ramifying)
2) Vritta (kandara/tendons)
3) Prithu (flat snayus, aponeurosis)
4) Sushira (sphinctors)
‘FAFa FAIg yead Y | (Su.Sha. 5/30)

1) Ramifying ligaments are present at all joints & in upper &
lower extremities.

2) Tendons are present in upper & lower exterminates & in

the back.
3) Flat ligaments are present in chest, back, and head.

4) Sphincters of stomach, small & large intestines are
circular in shape & they belong to sushira type of snayus.

Pyloric sphincter, ilio-cecal sphincter, external & internal
sphincters of anal canal belong to sushira type of snayus.

Functions of snayus

e G S |

TR oWy T GaHted |

TaRg IRRSFE A= v ed: S |

ERfegfE g TRws 7 | (Su.Sha. 5/32-33)
In the above verses human body is compared to a boat made
up of wooden plates. For making boat planks & timber is
fastened together by large ropes, such boat become stable,
firm. Such boat can float & carry large load. Similarly
human body is bound & fastened at joints by snayus
(ligaments). Due to these snayus body becomes tough &
endures lot of manual work.
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Upadhatu of Asthi
Danta (Teeth)

According to Sharngadhara, teeth are the secondary tissue of
bones.

Synonyms: Dwija, ruchaka, danta and ruchakasthi.
Relationship between doshas, dhatus to teeth

1) Teeth are smaller in size in Vata constitution.

2) Vata constitution persons suffer from weak teeth and
carries.. '

3) Pitta constitution persons suffer from gingivitis,
bleeding gums and the color of their teeth is white.

4) Kapha constitution persons have strong teeth.

5) Asthi sara persons also have strong and big teeth.

6) They are very compact, smooth & white in shukra sara
persons.

7) In meda sarata the teeth are unctuous.

Primary teeth

Permament teeth

Fig 14 : Teeth
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Functions of teeth: Mastication of food:

1) Proper digestion of food depends on mastication of food.

2) In old age when the teeth are lost or due to loose fitting
denture, food is not properly chewed, many disorders of
gastro-intestinal tract occur.

(For more information on teeth refer Sharira kriya Vijnyana
Part-I)



Chapter 12
Mala - Waste Products

Malas are those constituents of the body which are regularly
eliminated from the body and thus keep the body clean.

Definition of Mala

‘wfefrcon wem:’ |
The constituents of body, which can vitiate body (when they
accumulate in large amounts or decrease), are called as malas.

Malas which are formed during the process of digestion are
called as 'anna-mala’ while malas which are formed in the
metabolism of dhatus are called as 'dhatu-mala’. The malas
(waste products) in body are listed in the following verse.

‘fhgrae fanp e g FHIsy: |

firi, 99S @Aen, A Wew] 3T |l

@ f6g Fveire!, wey: Wesffde & |

' (Cha.Chi. 15/18,19)

Waste products of food are urine (mutra) and faces (purisha),
while waste products (by-product) of rasa dhatu are kapha,
that of rakta and mamsa dhatu are pitta and kha-mala
respectively. Waste product of medo dhatu is sweat (sweda)
waste products of asthi dhatu are hair (kesha and loma) while
sneha of eyes, faces and skin are the waste products of majja

dhatu.
‘F%: fd 7o 9y @ =EEE 1 |
WRIsfrafaeaet i s we” 1
(Ash.San.Sha. 5/63)
According to Ashtang Sangraha ojas is the waste product of

shukra dhatu while as per Dalhana, mustache and beard are
waste products of shukra dhatu.
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Health is maintained when these waste products are
eliminated properly. When they accumulate in excess various
diseases are produced.

Purisha (Feces)

Trgq smer fau e’ (Cha.Chi. 15/18)
Purisha (feces) is the waste product of food.

Synonyms: Shakrit, upaveshana, vit, gutha, varchas are the
synonyms of purisha.

Panchabhautika constitution of purisha - Purisha predomi-
nantly consists of agni and vayu mahabhuta.

‘qid ey’ | (Bhanumati on Su.Su. 15/8)
Constituents of purisha - Purisha consist of undigested food
material and sneha of majja mala. Undigested food material
forms the major bulk of purisha.

Qualities

‘TS frgmae T faarEE W 1 (Ash.Hr.Sha 3/61)
Purisha is a solid waste product. Colour of purisha is
yellowish to brown. Its consistency depends on the ingested
food and water intake. Sama purisha is heavier, with foul
smell and it sinks in the water while nirama purlsha is lighter
and floats on the water.

Colour, consistency and odor of purisha changes in many
diseases like kamala (jaundice), grahani, atisara (loose
motions), pravahika etc. Normally purisha is a yellowish
colored and semisolid in nature. Consistency of purisha
changes depending on the type of constitution. In Vata
prakriti it is hard, in Pitta it is semi solid or watery and in
Kapha it is soft and solid. Rasa of purisha is katu.

Site of formation
“qlvagE Saal TEEeE Io WerE 9@ ) (Cha.Vi. 5/8)
‘T qEERE gEEsiEs 8 AW 7 1 (Su.Sha. 6/25)
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Purishavaha srotas is a site of formation and excretion of
purisha.

Pakvashaya (large intestine) and sthula guda (anal canal) are
the roots of purisha vaha srotas. Purisha-dhara kala plays
vital role in the formation of purisha. Purisha dhara kala is

also called as 'mala-dhara kala'.
ot qlwgw AW, 1 saae Ao sifufavsad geareERr |
(Su.Sha. 4/16)

U FH, HIS T AAISHIT G |
IvgEed fawed wel AAEU e 1) (Su.Sha. 4/17)

Site of mala-dhara kala is the antra (colon) which is
anatomically related to the hepatic region and unduka
(cecum). Mala-dhara kala separates solid and liquid
constituents of kitta. Purisha is formed as a result of
. digestion of food. Regular elimination of purisha indicates
balanced functioning of agni, samana vayu, pachaka pitta
and apana vayu.

Quantity
T (3{Se:) e | (Cha.Sha. 7/15)

Quantity of purisha is eight anjali.

Functions of Purisha .
‘srEE™: v (FRE) | (Ash.Hr.Su. 11/5)

Avashtambha (to give support) is the function of purisha.
Purisha is formed and eliminated from purisha vaha srotas. A
small quantity of purisha is always present in pakvashaya,
which supports the body. Weakness, fatigue in dehydration
due to atisara (loose motion) indicates that purisha in
pakvashaya is required to support the body. In Rajayakshma,
virechana chikitsa is contraindicated because due to severe
dhatu kshaya, purisha is the only constituent in Rajaya-
kshma which gives support (avashtambha) to the body.
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"qieHeE arafayRei =9 ) (Su.Su. 15/8)

Another function of purisha is dharana of vayu and agni.
Formation and regular elimination of purisha maintains
balanced state of Vata (samana & apana) and jatharagni.
Urge of hunger, ingestion of food, its digestion, and
excretion of waste products is a cyclic process, and formation
and elimination of purisha maintains this cycle. Disorders of
purisha affect normal functioning of agni and vayu.

Disorders of Purisha
Symptoms of Increased Purisha
(Purisha-vriddhi)

‘Tt Y AN TR J& A VA | (Ash.Hr. 11/12)
Adhmana (abdominal distention due to gases), atopa
(gurgling of intestines), gaurava (heaviness) and pain in
abdomen are the symptoms of purisha vriddhi. Drinking

warm water with ghee, swedana, abdominal massage and
basti are helpful in this condition.

Symptoms of Decreased Purisha
(Purisha-kshaya)

Y g S G EatiE gt A A gaod dea
g’ | (Ash.Hru.Su. 11/21)

Abdominal discomfort, gurgling of intestines, pain in flanks
and cardiac region are the symptoms of purisha kshaya.
Green leafy vegetables, pulses, fibrous food is advised in this
condition.

FECES
Feces is the waste products of food. .
Site of formation: Large intestine.

Physiology of Formation of Feces

1) Feces is formed in large intestine.

9S.K.II



130 Sharir Kriya Vijnan

2) Food is digested & absorbed in small intestine.

3) Chyme passes from ileum to large intestine. Chyme
remains in large intestine for three to ten hours.

4) Water is absorbed in large intestine.

5) The last stage of digestion takes place in the large
intestine.

6) Large intestine does not secrete digestive enzymes.

7) Intestinal glands secrete mucus.

8) Intestinal bacterial acts on chime.

9) Intestinal bacteria ferment remaining carbohydrates, pro-
teins and fats.

Carbohydrate fermentation: Hydrogen, carbon dioxide and
methane gas is formed in the fermentation of carbohydrates.

Protein fermentation : Indole, skatole, hydrogen sulphide
and skatole are formed. Indole and stercobilin gives odor to
feces.

Some of the skatole and indole are transported to liver for
converting them in the less toxic substances.

10) Some vitamins of B complex group & vitamin K are
synthesized & absorbed in this way.

11) After 3 to 10 hours feces is formed in the large intestine
by action of bacteria on the feces.

Contents of Feces

1) Water, 2) inorganic salts, 3) undigested parts of food, 4)
various gases formed due to bacterial fermentation and 5)

epithelial cells.

Reaction of feces: Neutral or acidic.

Color: Yellowish brown due to stercobilin.

Odor: Specific odor due to indole, skatole and H,S
Amount of gas formed: Approximately 500 c.c.
Quantity: Approx. 150 gm/24 hours.
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Consistency: Semisolid / hard / well formed. Consistency
depends on intake of water. Vegetarian food increases bulk of
feces.

Physiology of Defecation

1) Feces are stored in large intestine.

2) When large intestine is full of feces then mass peristalsis
appear in colon.

3) Due to mass peristalsis feces are pushed from sigmoid
colon into the rectum.

4) Stretching of rectal wall initiates defecation reflex.

5) Due to shortening of rectum, increased abdominal
pressure, contraction of diaphragm & abdominal muscles,
internal anal sphincter opens up & feces is excreted through
anus.

6) External anal sphincter is under voluntary control.
Voluntary relaxation of external anal sphincter causes fecal
excretion.

Disorders of Feces

1) Diarrhea: Frequent defecation of liquid feces caused by
increased intestinal motility.

2) Constipation: Difficult defecation due to hardening of
stool.

Mutra (Urine)
‘0 =3 forg o P fagar ¥+ 9 (Ash.Hru.Sha. 3/61)
Mutra or urine is a liquid waste product of food.
Synonyms - Bastimala, meha, mutra, nrijalam, strava and

prastrava.

Site of Mutravaha stoats
IR St afede deot 9 ) (Cha.Vi. 5/8)

Basti and vankshana (pelvic region) are the roots of
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mutravaha srotas. Poshaka mutra collects kitta from all body.
Its formation starts in pakvashaya (large intestine). Purisha-
dhara kala separates poshaka mutra from kitra in pakva-
shaya, therefore pakvashaya is considered as root of mutra-
vaha srotas. Urinary bladder, ureters are pelvic organs so the
pelvic region is the root of mutravaha srotas.

TR § aae afeE ¥ (Su.Sha. 9/12)

According to Sushruta Samhita, basti (urinary bladder) and
medhra (penis) are the roots of mutravaha srotas.

Basti is an organ situated in pelvic region. It is bahirmukha
srotas (external orifice). Basti is a pranayatan (site of prana)
and it is also sadyahpranahara marma (marma causing
sudden death due to injury). This important organ is related
to urine formation and penis is related to excretion of urine.

Panchabhautika constitution of urine.
‘g A | (Bhanumati on Su.Su.. 15/8)

Mutra predominantly consist of Jala and Agni mahabhuta.

Qualities of urine
Laghu (light), tikshna (sharp) and hot (ushna) are the
qualities of mutra. It is pungent and salty.

‘TER (i) T | (Cha.Sha. 7/14)

Volume of urine is four anjali.

Ayurvedic concept of urine formation
“TTIEITATeS IS FEere A |
et | P afa: 9 g
TATATRI [E TEE: |
TERETHTR  FRMRERR
o Wyady g e ‘{'ﬁ I
Er |feet = i g A4 | (SuNi 3/18-20)

This verse explains formation of urine. Process of urine
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formation begins in pakvashaya. The poshaka mutra which
is separated from kitta is absorbed from pakvashaya and
brought to basti in the following manner.

As water in the river is drained into ocean continuously, in
the same way urinary ducts (mutravaha nadi) from
pakvashaya carry poshaka mutra to basti.

Urinary ducts and their fine branches are spread in the
abdominal cavity around pakvashaya and amashaya, which
constantly drains poshaka mutra to basti. Basti-purana
(drainage of urine) is a continuous process which is
compared with new ghata (earthen pot) immersed in water.
When earthen pot is new, it is very porous, and it permeates
water easily that way urine from urinary ducts enter the
basti, and urine is formed and stored in basti. When basti
gets filled with urine, due to action of apana vayu, urine is
excreted.

The fact that urine is formed in kidneys can’t be neglected.
According to new thoughts of researchers, poshaka mutra is
formed in pakvashaya. This is then absorbed in blood and
then in kidneys many metabolic waste products mix with
poshaka mutra, and later on this mutra is transferred to basti
by ureters.

‘AYRISTAT: SR |
AR THASHRUIRR: 1) (Ash.Hru.Su. 12/9)

The process of micturition is controlled by Apana vayu.

Functions of Urine

T FAcaR | (Ash.Hru.Su. 11/4)

Kleda-vahana and basti-purana are the functions of mutra.

‘A ufaTicE~ T | (Su.Su. 15/8)

Kleda is unctuous moisture in the body. Transportation and
excretion of kleda with urine is called as kleda-vahana



134 Sharir Kriya Vijnan

constant draining of urine in basti is called as basti-purana. If
urine fails to conduct kleda; kleda accumulates in the body
which can result in many diseases like prameha and obesity.

oy 73 g fasrey | (Ash.Sa. 6/142)
Disorders of urine

Symptoms of Increased Urine
(Mutra-vriddhi)

T q ARG FASHFAETAL | (Ash.Hru.Su. 17/13)

Suprapubic pain (basti-nistoda) and urinary incontinence
are the symptoms of mutra vriddhi.

Astringent substances like jack fruit (jambu) and udumbara
reduces mutra vriddhi. '

Symptoms of Decreased Urine
(Mutra-khaya)

Scanty urine formation, dysurea, heamaturea and change in
normal colour of urine are the symptoms of mutra kshaya.

‘TP A Fogrg_faaef wrema ar | (Ash.Hru. 11/22)

Gokshura, musta, punarnava are few therapeutic drugs
which enhances urine formation.

Kidneys

Anatomical consideration of kidneys

Kidneys are main organs of urinary
system.

Number: 2

Position: Retroperitoneal

) _Urinary
7 bladder

. . Urethra
Layers of tissue around the kidneys

are:

—

1) Renal capsule, 2) adipose capsule,
3) renal fascia Fig 15 : Urinary System
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Renal Renal Column
capsule
p Papilla
Inter lobular 4 < é
artery -
Renal pyramid
= L py

(medullary tissue)

Renal sinus (fat)

Major calyx
Minor calyx

Cortex

Fig 16 : Cross-sectional view of Left Kidney
Internal structures of kidneys

1) cortex, 2) medulla, 3) renal pyramnds, 4) renal pelvis, 5)
calyces.
Functional Unit of kidneys is called as. nephron

Parts of nephron are- 1) Renal tubule, 2) Bowmans capsule
(glomerular capsule)

Glomerular (Bowman's) capsule

Afferent anteriole

Glomerulu: Distal tubute

Proximal tubule

- Collecting tubule

Descending limb

Ascending limb

Fig. 17 : Structure of Nephron
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Glomerular capsule - Cup like structure from which renal
tubules starts.

Glomeruls - The tuft of capillaries which is surrounded by
Bowman'’s capsule is called as glomerular capsule.

Parts of renal tubules are - 1) proximal convoluted tubule, 2)
descending tubule of nephron, 3) loop of Henle, 4)
“ascending tubule, 5) distal convoluted tubule, 6) collecting
tubule.

In the medulla, the collecting tubules combine to form
papillary ducts which open at the renal papillae into minor
calyces. Blood supply of kidney is through renal arteries.

Blood flow of kidneys: 1200 ml. / minute
Nerve supply: Renal plexus

Physiology of urine formation

Nephron plays important role in urine formation.

Processes required for urine formation

1. Glomerular filtration
2. Tubular reabsorption
3. Tubular secretion.

Glomerular filtration
1) Blood enters the glomeruls.

2) Due to blood pressure water and dissolved components
pass through endothelial capsular membrane.

3) The fluid filtered is called as filtrate.

4) Filtrate is a fluid filtered through endothelial capsular
fluid. Filtrate consists of all the materials present in the blood
except some elements and proteins, which are so large that
they can not be passed through endothelial capsular
membrane.
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Glomerular filtration rate (G.ER.)

The amount of filtrate that flows out of renal corpuscles of
both kidneys is called as G.ER.

G.ER. : 125ml / min
180 liters / day

Contents of Filtrate

Water, glucose, amino acids, chlorides, carbonic acid,
potassium, urea, uric acid, creatinine, hemoglobin. Plasma
proteins do not pass through endothelial capsular
membrane.

Tubular Reabsorption

Filtrate formed in Bowman’s capsule pass through renal
tubules. 99% of filtrate is reabsorbed. 1% of filtrate leaves
the body.

Function of proximal convoluted tubule
1. Reabsorption of Glucose,
2. Reabsorption of Amino acids,
3. Reabsorption of Na+, CI Heo,, Kand .
4. Reabsorption of urea. :

Function of descendmg tubule of the loop _of nephron

Passive reabsorption of water

Function of ascending tubule
Reabsorption of Na, Cl and urea

Function of Distal convoluted Tubule

Reabsorption of sodium, creatinine, chlorine, carbonic acid.

Collecting tubules:

Reabsorption of sodium chlorides and urea.

Sodium is reabsorbed under the influence of aldosterone
Importance of tubular reabsorption:
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Tubular reabsorption conserves the important substances
that body need, for e.g. glucose sodium chlorides etc. These
substances are returned to blood.

Tubular secretion
Third process takes place in urine formation is tubular
secretion.

Tubular secretions are mixed with filtrate.

1. H ions are secreted in proximal convoluted tubules

2. Potassium ions (K), NH,, creatinine are secreted in distal
convoluted tubule.

3. H ions and k ions are secreted in collecting tubules.

Due to H* ion secretion urine is acidic in nature.

In this way by 1) Filtration, 2) reabsorption, 3) tubular
secretion, urine is formed.

Urine formed in the collecting tubule passes to minor and
major calyces via papillary ducts to renal pelvis and from
renal pelvis it is carried to bladder via ureters.

Functions of Kidneys

. Kidneys maintain blood pH by secreting H* ions
. Kidneys maintain blood pressure

. Kidneys help to keep water balance

. Excretions of drugs

. Excretion of ammonia urea, uric acid

. Maintains osmotic pressure in the blood

. Kidneys are related to vit D metabolism

NV AW N

Ureters
Number: 2

Length: 25 to 30cm

Ureter is a extension of renal pelvis. They do not have
valves.
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Function of ureters: .
To transport urine from renal pelvis into urinary bladder.
Urine is transported by peristaltic movements.

Urinary Bladder
It is a hollow muscular organ.

Position

It is situated posterior to the symphysis pubis. To store the
urine is the function of bladder. Due to transitional
epithelium bladder can be stretched and store urine.

Average capacity: 700 to 800 ml.

Micturation: Act of urinary excretion from urinary bladder
is called as micturation.

1) When urinary bladder is filled with urine, wall of bladder

is stretched.

2) Strech receptors in the wall of the bladder transmit
impulses to lower portion of spinal cord. These impulses
initiate desire to expel urine.

Urinary incontinence

A lack of voluntary control micturition is called as Urinary
incontinence.

Urine retention

Failure to empty bladder is called as Urine retention.

Normal constituents of urine

1. Organic constituents

Urea 30.0 gm
Creatinine 1.0 gm
Uric acid 0.7 gm
Hippuric acid 0.7 gm
Indican 0.01 gm

Acetone bodies 0.04 gm
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2. Inorganic constituents of urine

Nadl 15 gm
Kecl 3.3 gm
So4 2.4 gm
Po4 2.5 gm
NH3 . 0.7gm
Mg++ 0.1 gm
Ca++ 0.3 gm
Fe 0.05 gm
Other 0.2 gm

Total amount of urine = 1500 ml. in 24 hours
Total solids = 60 gm.

1. Average volume of urine = 1500 ml / 24 hrs

2. Colour : Pale yellow variable, depends on diet & water
intake.

3. Appearance - fresh urine is clear, transparent
4. Odor = Aromatic
5.pH : Itis 6.0

6. Specific gravity = 1.001 to 1.0035 depends on concentra-
tion.

Factors affecting urine volume
Average volume of urine - 1500 ml / 24 hrs.

Following factors affects urine volume:

1. Blood pressure
2. Blood concentration
3. Diet

4. Temperature

5. Mental state

6. General health

7

. Exercise
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High blood pressure reduce urine volume. High concen-
tration of sodium ion in blood increases urine volume

Intravenous saline injection promotes urination.

High temperature reduces urine volume.

Diuretics

Certain chemicals reduces secretion of anti diuretic hormone
(ADH) and urine output increases, such chemicals are called
diuretics e.g. tea, coffee, alcohol are diuretics. Exercise always
reduces urine volume.

Abnormal constituents of Urine

1) Albumin 2) Glucose 3) Bile salts

4) Bile pigments 5) Ketone bodies 6) Erythrocytes
Sweda (Sweat)

Sweda (sweat) is the waste product of medo dhatu.

Etymology (Nirukti) of Sweda
‘fegead o 3 W’ |
‘T IS AgUE fTaq QeveREaTEa |
(Cha.Sha. 7/15)

Literal meaning of sweda is to cook or to steam. It is the
perspiration produced due to exercise or heat.

Synonyms - sweda, gharma, nidagha are the synonyms of
sweda.

Panchabhautik constitution of sweda
‘We: 9 9 | (Bhanumati on Su.Su. 15/8)

It predominently consist of jala and teja mahabhuta.

Location of sweda

Swedavaha srotas is a site of sweda.

wWeEEE Aad Aae JHg’ | (Cha.Vi. 5/8)
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Medo dhatu and lomakupa (pores of the skin) are the roots
of swedavaha srotas.

Sweda is formed during the metabolism of medo dhatu.

Heavy exercise, hot climate enhances sweat formation.

‘DRI Sdife gaffea: |
ARy e, gERsiAdeye:” 1| (Cha.Chi. 28/8)

Swedavaha srotas is the site of samana vayu. It regulates
excretion of sweat and also regulates body heat.

Y &g Wﬁaﬁm fora: "
(Ash.San.Su. 20/)

Vyana vayu helps in the excretion of sweat from the body.
Conduction of sweat from the roots of the hair, opening of
the skin pores and to help in the excretion of sweat, all these
functions belong to vyana vayu.

Sweat is the important site of pitta.
AR &S Tw S E: |
& Wi ¥ frae aifrd f&{Eima: 1 (Ash.Hru Su. 12/2)

Constitutions and sweating

1) Vata constitution - less sweating

2) Kapha constitution - less sweating

3) Pitta constitution - profuse sweating with strong
smell

Due to dryness Vata constitution has tendency of less
sweating.

Due to coldness of kapha dosha, kapha constitution has less
sweating. Due to hotness of pitta, pitta prakriti person has
profuse sweating with strong odor.

Functions of sweda

W %ﬂﬁqﬁ! (F¥efayfa: 3fr aft w3:) |

(Ash.Hru.Su. 11/5)
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1) Kleda vidhriti or holding some moisture in the skin is the
function of sweda. In cold climate, body needs more kleda
(moisture) therefore sweat excretion is reduced.

W FACTREIgIE. | (Su.Su. 15/8)

2) Maintenance of kleda (moisture) & to maintain soft
texture of the skin is the functions of sweda.

3) Nourishment of loma (hair) of the skin is thé function of
sweda.

4) Sweda is the site of pitta & it controls hotness of pitta
dosha by altering sweat formation.
Disorders of Sweda

Symptoms of Increased Sweat
(Sweda-vriddhi)

‘WSt Wediaarg: td 9 @3 | (Ash.Hru.Su. 11/14)

Over exercise, hot climate, anger and fear enhances sweat
formation.

Profuse sweating, bad odor of sweat, itching are the
symptoms of increased formation of sweat.

Cold, astringent herbal powders reduces sweating, e.g.
sandal powder.

Symptoms of Decreased Sweat
(Sweda-kshaya)

‘W Wregf: weREar $ped @9’ 1l (Ash.Hru.Su. 11/23)

Loss of hair on the skin, dry skin, roughness of hair on the
skin are the symptoms of decreased sweat.

Exercise, warm clothes stimulates sweat production.

Dhatu Mala (Waste product of dhatus)
‘F: i wom: 9y W EERY 9 )
WRIsRrafiaedst uqal w9 oo’ 1| (Ash.San.Sha. 3/63)
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Waste products of dhatus are formed during the metabolism

of dhatu.

1) Waste product of Rasa dhatu - Kapha
Mala of rasa dhatu is kapha which is formed during the

metabolism of Rasa dhatu.

Waste product of rasa, kapha accumulates at the site of kapha
dosha & excreted from nose & throat.

Rasa vriddhi or rasa kshaya can increase or decrease its waste
product kapha respectively.

2) Waste product of Rakta dhatu - Pitta

Mala of rakta dhatu is pitta which is formed during the
metabolism of rakta dhatu. Rakta mala 'Pitta’ accumulates at
the site of pitta & excreted with feces & urine imparting
yellow color to them.

Rakta-vriddhi or Rakta-kshaya can increase or decrease its
waste product pitta respectively.

Fefeen grare: ST dary | OF WhAT: UL Yahd: ST
yiwee: | darg T goe SeRTEE el dywafd | ey
aef’ | (Ash.San.Sha. 8/6,12)
* Whaste products kapha & pitta are vaikrita doshas formed
from food, while doshas which are present since conception

& which forms prakriti (constitution) are called as Prakrita
doshas.

3) Waste product of Mamsa dhatu - Kha-mala

Kha means cavity. The waste product which accumulates in
the external orifices of the body is called as kha-mala.

Kha-mala accumulates in nose, ears, oral cavity, oleates the
orifices & protects the orifices from the external organisms.

For examples wax in ear prevent foreign bodies to enter the
ears.
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Kha-mala in the nasal cavity moisten the nostrils, organisms
are trapped in this Kha mala of nostrils & orgamsms can not
enter respiratory tract.

4) Waste products of Asthi dhatu
1. Kesha (hair) and 2.Loma (hair on the skin):

Synonyms: Bala, kacha, chikur, kuntal, murdhaja are the
synonyms of kesha.

Hair on the scalp are called as - kesha

Hair on the skin are called as - loma.

Hair on the face is called as - beard - shmashru.
Hair on the lips is called as - smashru - mustache.

Formation of Hair
Hair is formed in the sixth month of embryonic life.

At puberty axillary, pubic & facial hair grows due to
influence of shukra dhatu in males & due to commencement
of menstrual cycle in females.

Hair should be soft, dark, firmly rooted & should not be
very thick.

“TEAH I~ Thehol - GEAIsTaT: fErmer: goaoem: FWm: . -
=’ | (Cha.Sha. 8/51)

Earth is the main mahabhuta of hair.
Loma: Hair on the skin of extremities, chest is called as loma.

The root of a loma is called as lomakupa.

Relationship between loma & rasa dhatu

EHIROI | : (Cha.Vi. 8/103)
‘EHER AR | (Dathan on Su.Su. 35/16)

Symptoms of rasa sarata includes examination of hair on the

skin i.e. loma.

10 S.K. 11
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Person endowed with rasa sarata have smooth, delicate,
unctuous and firm rooted loma.

Relationship between loma & constitution (Prikriti)

Constitution ~ Characteristics of loma

Vata Dry, few and rough
Pitta Few, light brown and soft
Kapha Unctuous and smooth

Relationship between hair & constitution
Constitution ~ Characteristics of hairs

Vata Dry, split hair, rough hair
Pitta Thin, light brown, soft and oily hair
Kapha Thick, oily and dark hair

Disorders of asthi dhatu affect nourishment of hair. For
example hair loss is aggravated in asthi kshaya. Therefore in
the treatment of hair loss, role of asthi dhatu should not be
neglected. According to Sharngadhara Samhita, hairs are
secondary tissue of majja dhatu.

Waste product of Asthi dhatu - Nail

Synonyms - Karaja, karashoola, kamankusha are the
synonyms of nails.

Appearance - Hard and firm waste product nails have
predominantly earth element in them.

e g FeraTeTEReGET: FATAN: &G’ | (Cha.Sha. 8/51)
Relationship of nails sha, dhatus & nails

In Vata constitution nails are dry, small and rough. There is
tendency of nail biting. In Pitta constitution nails are red
colored. In Kapha constitution nails are long nails.

In rakta-sarata nails are red and beautiful. In meda-sarata
nails are unctuous and lustrous. In asthi-sarata nails are large,
firm and hard. In shukra-sarata nails are oily, firm and
whitish.
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Waste product of Majja dhatu - Akshivit & twak sneha

Unctuous substance excreted alongwith feces, unctuous layer
spread over skin and unctuous substance which accumulate
in the eyes is called as ‘akshi vit twak sneha’, which is formed
during the metabolism of unctuous majja dhatu.

This unctuous waste product makes the concerned
constituents very soft. Feces become very soft and is excreted
smoothly. Skin also becomes soft & smooth and eyes become
soft and smooth & are protected from bright light, dust &
heat.



Chapter 13
[ndriya Vijnan

Indriya

Indra is a synonym of soul (atma). With the help of
Jnanendriya (sense organ), soul can perceive knowledge, and
hence indriya are those who convey knowledge to soul
(Indra or atma).

T & 9 wwdar sren SaErETEaia;, 79 58 FEw
e U A gfd’ |

Synonyms
Indriya, Jnanendriya, karana, sadhana are the synonymous.

Types of Karana (Indriya)
Types of Karana (Indriya)
l

B l

Bahya Karana Abhyantara Karana
1) 5 Sense organs 1) Mind (mana)
2) 5 Motor organs 2) Ego (Ahambkara)

3) Buddhi (Intellecr)

Number of sense organs are 5:
GER!:H g3 Hol W@E Wy ssRfEafor | (Cha.Su. 8/8)
1) Sense organ of vision  Chakshurindriya
2) Sense organ of sound  Shrotrendriya
3) Sense organ of Smell ~ Ghranendriya

4) Sense organ of taste Rasanendriya
5) Sense organ of touch  Sparshanendriya

These are the five Jnanendriya (sense organs).
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Panchabhautik constitution of sense organs
‘v o wrgitfery i (Cha.Su. 28/11)

According to Ayurveda five sense organs are composed of
five mahabhutas. -
‘At @ shxafr sngR avd=y, T shsamt |
(Su.Sha. 1/14)

Though five sense ofgans are composed of five mahabhutas,
every sense organ has predominance of one mahabhuta.

‘TR AR q |
voq FAIHATT A% qfg: ¥ 1 (Cha.Sha. 1/24)

Sense organ (nyanendriya) Predominant Mahabhuta
Chakshu (eyes) Teja -

Shrotra (ears) Akash

Ghrana (nose) . Prithvi

Rasana (Tongue) Jala

Sparshana (skin) Vayu

f\
Eye (Netra)
Adhishthana of Chakshurindriya
Ear (Karna) Skin (Twacha)
Adhishthana of Shrotrendriya Adhishthana of
Sparshanendriya
PMAYN
— —
i
Nose (Nasa) Tongue (Jihva)
Adhishthana of Ghranendriya Adhishthana of Rasanendriya

Fig 18 : Sthula Adhishthanas of Sense Organs
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Indriya Panchak (five aspects of sense organs)
‘GeafsasanfT § 9 i ame: qRE’ | (Cha.Su. 8/8)
G STt S s frm, @ SR T R
RIRIENCRS NI A B L C r-R et ) - R |

s acarcrafaeteT: aftrer faafamy’ |

(Cha.Su. 8/10-12)

Sense organ | Indriya dravya| Adhishthan | Artha | Buddhi
(location) | (object) | (perception)
Chakshu Teja Eyes Vision |Chakshusha
Shrotra Akasha Ears Sound |Shravana
Ghrana Prithvi Nose Smell |Gandhana
Rasana Jala Tongue Taste |Rasana
Sparshana | Vayu Skin Touch |Sparshana

Sense organs: Five sense organs which exist in the body are
chakshu, shrotra, ghrana, rasana and sparshana.

Indriya dravya (Five matters of sense organs): It has been
already explained that according to Ayurveda, five sense
organs are composed of five mahabhutas, and every sense
organ has predominance of one mahabhuta.

Adhishthana (Site of sense organs): Site of sense organs are
eyes, ears, nose, tongue, skin respectively. Sense organs
(Jnanendriya) are subtle while their locations or seats

(adhishthana) are gross.

Artha (Objects): Vision, sound, smell, taste, touch are the
five objects of five sense organs. Objects are perceived by
respective sense organs, for e.g. sound is the object of
shrotrendriya, vision is the object of chakshurindriya etc.
(refer table of Indriya-panchaka)

Sound is the quality of Akasha mahabhuta, and there is
predominance of Akasha mahabhuta in shrotrendriya.
Hence sound is perceived by shrotrendriya. Objects of sense
organs are qualities of mahabhutas, from which these five
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sense organs are composed of. Buddhi is the result of
conjugation of soul, mind, sense organs and their respective
object.

aq AfefsEiye Sgfe: Yadd | (Cha.Sha. 1/32)

Perception depends on contact of sense organs with their
subject.

Buddhi (Variations in the knowledge)
“Sigr, Frffsaaial ag & 9= WA )
AfsEmRsaEw - S 1| (Cha.Sha. 1/33)
We can perceive knowledge only after sannikarsha
(conjugation) of atma, mind and sense organs.

Centers of sense organs
‘farfa et et o waife e ™ @t |
(Cha.Siddhi. 9/4)

Vital centers of sense organs are situated in the head.

Prana vayu and sense organs
‘WONsT T | Fehdul qfsreal=a famys:’ 1l
(Ash.Hru.Su. 12/4)
Head is the seat of prana vayu. Prana vayu controls the
activities of mind and sense organs.

Inputs received by sense organs are conveyed to mind by
prana vayu.

‘gfzamm IgEN:, gafsaian sifEer | (Cha.Su. 12/8)

Vata dosha stimulates sense organs towards their respective
subjects.

Prana vayu is concerned with the functioning of sense
organs..

Mind and Sense organs
‘szafims: +9 e W e (Cha.Sha. 1/21)
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Mind has control over five senses. Mind tries to concentrate
on the objects of sense organs. Mind motivates sense organs
towards its objects, and after acquiring knowledge,
disconnect the linkage between sense organs and objectives.

This function of mind is called as Indriyabhigraha.
T QAU euemyitt W@’ | (Cha.Su. 8/7)

The sense organs can perceive their objects only when they
are supported by mind.

Ayurvedic concept of Perception

(Concept of jnana-grahan)

According to Ayurveda, sensory organs receive knowledge,
which is conveyed to mind and soul.

Soul or atma is the chetana vdravya of the body. Soul receives
knowledge with the help of mind and sense organs.
‘ST T §gsad 79 360 $fkwda aa; yeR )
(Tarkasangrah, Dipica vyakhya)
Perception depends on the sannikarsha of mind and sense
organ with their concerned objects and this type of
knowledge is called as 'Pratyaksha buddhi'. Pratyaksha
buddhi is related to only preset events.
‘neRfsEAs g afiEEid ada |
S A AT g T W1 feeAd’ 1 (Cha.Su. 11/20)

Nourishment of sense organs
‘Toreer: aegfifEadong ads: | (Ash.Hru.Su. 20/)

Tarpaka kapha nourishes sense organs. Sense organs are the
site of Panchabhautik agni.

Role of sense organs in maintenance of health
TR FUAE R | ‘
THATCH ST @Y Sy’ | (Su.Su. 15/45)

Along with balanced doshas, dhatus and malas, energetic
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state of soul (atma), sense organs and mind plays vital role in
maintaining health. When doshas, dhatus and malas work
properly then sense organs also co-ordinate with mind and
soul propetly.

Imbalance of health may come from the external environ-
ment in the form of heat or cold (sparsha), loud noises
(shabda), for e.g. loud noises or sound pollunon can cause
syncope, palpitation, deafness etc.

Hence sense organs have got great importance in
maintaining health. Hence proper care should be taken to
maintain health of sense organs. Regular oil massage of skin,
putting oil in the ears, cleaning of tongue, nasal instillation
and tarpan of eyes, maintains health of sense organs. For
nourishment of sense organs, they require food consisting of
all five elements as well as six rasas (sweat, salty etc) and
proper qualities (heavy, unctuous... etc).

Now let us learn the concept of sense organs in detail.
Sense organ of sound - Shrotrendriya

The sense organ which perceives sound is called
shrotrendriya.

Indriyapanchaka of Shrotrendriya

Sense organ of hearing - Shrotrendriya
Adhishthan : (location) - Ears

Mahabhuta - Akasha

Artha (object) - Shabda (sound)

Buddhi (perception) - Hearing (shravan buddhi)

Dhamanis - Two dhamanis conduct sound from ears to
mind.

Two ears are the seat of shratrendriya.

‘wuifqatgfa MERIEE AR | (Vaisheshik)
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External auditory meatus and external auditory canal are
hollow structures of the ears, which show predominance of

Akasha mahabhuta.

Sound can travel through hollow external auditory canal and
can be conducted to the mind and soul. Two dhamanis are
related to ears, which are meant for conduction of sound.

Ayurvedic concept of perception of sound
e FA G 7 A gRemd e e
(Tarkasangraha, Dipika Vyakhya)
Sound which is heard by shrotrendriya is a phonic sound.
After perception of sound, with the help of intellect
(buddhi), mind analyses the sound and can interpret type of
sound, pitch of sound etc.

Shrotrendriya and chakshurendriya have well co-ordination,
so after hearing the sound, eyes turns to the direction of
sound. ,

According to Tarkasangraha sound which is produced in the
environment enters the ears in the form of waves. These
sound waves are compared to the oceanic waves. Sound
waves from the object pass in the ear and are conveyed to
mind.

Sense organ of Touch : Sparshanendriya
The sense organ that perceives touch is called as
sparshanendriya.

Indriyapanchaka of Sparshanendriya

Sense organ of touch : Sparshanendriya.

Adhishthan (location) : Skin

Mahabhuta : Vayu

Artha (object) : Sparsha (touch)

Buddhi (perception) : Touch of an object (sparshana buddhi)
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Dhamanis : Two sparshavaha dhamanis and their branches
are spread in the skin, to conduct touch from skin to mind.
‘T () Ry e i At |
(Su.Sha. 9/5)
wRie QA forimAr (el W el |
(Su.Sha. 9/5, Dalhana)
Skin is the largest sense organ of the body. According to
Ayurveda, skin is not a just external organ, but
sparshanendriya is in contact of all remaining sense organs
and mind.

‘T wiEizEmfifEEeaTd, =9:q9afd | (Cha.Su. 11/38)

Due to contact of sparshanendriya, subtle mind can occupy

whole body.

‘wryfafsaderyt. @yl ome @ 91

fefew. gEg@Ml agAAl Fad®:’ 1l (Cha.Sha. 1/133)
Sparshanendriya occupies mind also, so mind can experience
favorable, unfavorable conditions (sukha, duhkha) and can
feel pain also.

Due to knowledge of pain physician can diagnose disorders.
Pain is perceptible by skin. Only skin conducts various
sensations like roughness, dryness, hotness and cold touch.
It also conducts vibrations and pressure. Therefore skin is the
largest sense organ. Due to tactile sense organ mind can
understand position of body also.

RIS EECR Y 1 (ChaSha. 7/29-30)

Coarseness, liquidity, movement and temperature are the
characteristics of Prithvi Jala, Vayu, and Teja mahabhuta
respectively and  non-resistance  (apratighata) is a
characteristic of Akasha mahabhuta. All these characteristics
can be perceived by the skin.



156 Sharir Kriya Vijnan

Ayurvedic concept of perception of touch
‘STl AT WS A9 SR SfkamET qa e |
(Tarkasangraha, Dipika Vyakhya)
Atma and mind conjugates with sparshanendriya and skin
can establish contact with its object. Prana vayu facilitates
this process of conjugation and impulse of touch is
transferred to mind by dhamanis.

When mind perceives touch, body responds to the touch. If
the touch is unfavorable, then body rejects that perception.
Vyana vayu generates movements in the body in response to
touch for example; on account of hot touch hand is
immediately taken away from the hot object. Vaso-
constriction results due to cold touch. Vaso-dilatation results
due to hot touch.

In this way sparshanendriya plays a important role in the
perception of touch, in awareness of disorders and protec-
tion of body.

Sense organ of Vision: Chakhurendriya

Indriyapanchak of Chakhurendriya

Sense organ of Vision: Chakshurendriya

Adhishthan (location) : Eyes

Mahabhuta : Teja

Artha (object): Vision ~

Buddhi (perception): Visual perception of an object
(chakshusha buddhi).

Dhamanis: Two rupavaha dhamanis conduct visual impulse
to mind then mind can get visual perception.
I (Y9:) YeCEISe ey i gE=T: TR uRaf<’ |
(Su.Sha. 9/5)

Role of Alochak Pitta
‘FUTAEAT: WA | s 1 (Ash.Hru.Su. 12/4)
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Alochak pitta is a type of pitta dosha. Alochak pitta is present
in the eyes. This pitta is necessary for normal visual
perception. When light rays from an object falls on the eyes,
image of object is formed on retina, and then this visual
impulse is transmitted to mind. Alochak pitta has got
important role in the formation of image of an object in the
eyes.

Ayurvedic concept of Visual perception
3T AT WS 9 A $amds qa o |
(Tarkasangraha, Deepika Vyakhya)
Atma and mind conjugates with chakshurendriya and eyes
can establish contact with its object. Prana vayu facilitates .
this process of conjugation and impulse of vision is
transferred to mind by dhamanis.

Importance of Chakshurendriya
‘T e HA: ael Sifad AEfees |
(Ash.Hru.Uttartantra. 3/13)

Eyes can perceive both the color and the shape of the object.
This is very much useful for knowledge.

Sense organ of Taste - Rasanendriya

(Indriyapanchaka of Rasanendriya)

Sense orgén of Taste - Rasanendriya

Adhishthan (location) : Tongue

Mahabhuta: Jala mahabhuta

Artha (object) : Taste of a substance

Buddhi (perception): Perception of taste (Rasana buddhi)

Dhamani: Two taste conducting dhamanis conduct taste
impulse to mind.
‘I () ey qLTY AR TR urata’ |
(Su.Sha. 9/5)
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TRIGI: IRE T g gfer” )
(Dalhan on Su.Sha. 9/5)

Tongue should be pink, flat and soft.

‘HRATITRIRIYY AN =, Sefaavige o 1
(Cha.Sha. 8/51)

Constitution of tongue

FETAHEAT RfseTgT Je | (Su.Sha. 4/28)

In embryonic life tongue is made from kapha, rakta and
mamsa dhatu. Function of rasanendriya (tongue) is percep-
tion of taste of a substance. There are six types of tastes : 1)
Madhura (Sweet), 2) Amla (Sour), 3) Lavana (Salty), 4) Katu
(Bitter), 5) Tikta (Pungent), 6) Kashaya (Astringent).

T EgrAAGUaRINUETEE: | (Ash.Hru.Su. 1/14)

Role of Bodhak Kapha in perception of taste
Sy TARIRT | WWEYER, F: | (Ash.Hru.Su. 14/1)

When any food substances are kept on the tongue, Bodhak
kapha mixes with the substance and the taste is perceived.
Rasavaha dhamanis conduct taste impulse to the mind.

‘e AR W A ST o s |
(Tarkasangrah. Deepikavyakhya)
Atma and mind conjugates with Rasensendriya and tongue
can establish contact with its object. Prana vayu facilitates
this process of conjugation and impulse of taste is transferred
to mind by dhamanis.

Favorable taste of a substance is accepted and unfavorable
taste is rejected by mind.

Importance of Rasanendriya

Rasanendriya conveys knowledge of taste to mind.
Appreciation of taste of food by mind can affect intake of
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food. When mind appreciates taste of food then only the
person can eat favorable food in proper quantity. Happy
state of mind due favorable taste of food is the important
factor in proper digestion.

In the disorders of tongue, person can not taste food
properly and cannot eat proper quantity of food, for e.g.
glossitis (mukhapaka).

Sense organ of smell - Ghranendriya

Indriyapanchaka of Ghranendriya

Sense organ of Smell : Ghranendriya
Adhishthan (location) : Nose
Mahabhuta: Prithvi

Artha (object) : Smell of an object
Buddhi (perception) : Smell of an object

Dhamani: Two smell conducting dhamanis conduct
perception of smell to mind. ’

‘FET: (W) VeeeEgEiy R gRaf=T’ 1(Su.Sha. 9/5)

Nose is an organ of respiratory system. Nose is a seat of
Kapha dosha also nose is related to respiration.

Phana marma is present on both sides of nostrils.

‘HIUTREE:; Sammsiiee STERRE: HO AW (FHR) |
: (Su.Sha. 6/27)

Injury of phana marma results in loss of perception of smell.
GO HOTHT S |
Farfefigdt Jurg TufawERIREY | (Ash.Hru.Sha. 40/30)
Nose is a gate of cranial cavity hence in the diseases of head,
ear and nose nasya chikitsa (nasal instillation of medicated
oil or powders) plays important role.

‘arar f& @ g1 | (Ash.San.Su. 1/20)
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Ayurvedic concept of perception of smell
‘o W WA W A MR s wew |
(Tarkasangrah, deepikavyakhya)
Atma and mind conjugates with Ghranenendriya and nose
can establish contact with its object. Prana vayu facilitates
this process of conjugation and impulse of smell is
transferred to mind by dhamanis.

When particles of volatile substances enter nasal mucosa,
then due to simulation of nasal mucosa impulse of smell is
generated. ’

Ghranendriya stimulates appetite. Good aroma of food can
stimulate activity of agni. Bad odor can produce disorders of
gastro-intestinal system for e.g. foul smell can produce
nausea or vomiting,

Co-ordination of Five senses

Five sense organs are well coordinated with each other, hence
eyes can turn towards the sound or smell of food can
stimulate salivation.

Role of indriya in maintenance of health

Five sense organs are continuously receiving the inputs or

knowledge.

The inputs or knowledge perceived by mind should be in
favor of body. Dhi, dhriti and smriti help mind to analyse
the inputs received.

Intellect (dhi), restraining capacity (dhriti) and memory
(smriti) which are the qualities of mind, prevents sense organs
from getting conjugated with harmful oBjects. This control
of mind over sense organs is important to maintain health.
‘ormedtzad gam: wawow wRomdf Tfefadeen dqa
fopren, gEAPRR YA eaal waf<t il (Cha.Su. 11/43)
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Asatmyendriyartha samyog, prainaparadha and parinama
are the three main causes of disease.

FIVE SENSE ORGANS
1) Optic pathway (pathway of Vision)

(Rupagrahana Marga)
Accessory structures of eye

1) Eyebrows 3) Eyelashes
2) Eyelids 4) Lachrymal apparatus
‘Eye brows
Lateral
commissure Lacrimal gland

Eye lashes
Palpebral fissure

Palpebrae
(eye lid)

Fig 19

Structure of eyeball

Diameter of eyeball: 2.5 cm
Anatomically eyeball is divided into:
1) Fibrous tunic (layer )
2) Vascular tunic
3) Nervous tunic or retina
Fibrous Tunic
This layer consist of:
1) Sclera: White of eye is called as sclera.

11 S K II
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Light visual axis

Lacrimal sa¢ Anterior chamber

<
ﬁ

i) i
N b

Lateral

rectus muscle
Optic disc

[]

I Central retinal
artery and vein

Medial
rectus

muscle Central fovea

Optic nerve

Fig 20 : Transverse Section of Eye Ball

2) Cornea: Non-vascular transparent fibrous coat through
which iris can be seen is called as cornea.

Canal of schlemm: It is a venous sinus at the junction of
sclera and cornea.

Vascular Tunic

Middle layer of eye ball constitutes vascular tunic.

Parts of vascular tunic
1) Choroids - It contains blood vessels, absorbs light hence
light is not reflected.

2) Ciliary body - This consists of ciliary processes and ciliary
muscles. Ciliary processes secrete aqueous humor. Ciliary
muscle alters the shape of the lens for vision, which is called
as accommodation.

3) Iris - This is a colored part seen through cornea, which is
made up of circular and radial muscles.
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4) Pupil - It is a black hole in the center the iris, through
which light enters the eyeball. Bright light results in
constriction of pupil while dim light results in dilatation of
pupil.

Nervous Tunic (Retina)

Retina contains 3 zones of neurons.

Zones of retinal neurons
1) Photoreceptor neurons (rods and cones)
2) Bipolar neurons
3) Ganglion neurons

There are two types of dendrites of photoreceptor neurons -
1) Rod-shaped photo receptor, 2) Cone-shaped photo
receptor. Cones are responsible for color vision. 100 millions
rods are present in retina while 3 millions cones are present
in the eye.

Macula lutea: It is a center of the posterior portion of Retina

Fovea: It is a small depression in the macula. At this place
number of cones is maximum. Fovea is the area of sharpest
vision.

Rods are absent in macula and fovea. Number of rods are
more at peripheral portion of retina.

Blood supply of retina: Central retinal artery.

Bipolar neurons: It is a middle nervous zone of retina.

Ganglion neurons: The inner most retinal zone is composed
of ganglionic neurons.

Optic disc: The axons of the ganglion neurons extend
posteriorly to a small area called as optic disc. Through opric
disc axons of ganglionic neurons exit the eyeball and form
optic (II) nerve.

Optic disc doesn’t have rods and cones, so it is called as Blind
spot.
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Lens: Lens is present posterior to pupil and iris lens is made
up of proteins. These proteins are called as Crystellins. These
proteins are arranged like layers of onions. It is avascular.
Lens is transparent biconvex, held in a position by
suspensory ligaments. Opacity of lens is called as cataract.

Interior of Eye ball

Interior of eyeball is divided into: 1) Anterior cavity and 2)
Posterior cavity (Vitreous chamber). It is between lens and
retina.

Anterior cavity is divided in anterior chamber and posterior
chamber.

Anterior chamber lies behind the cornea and in front of iris.
Posterior chamber lies behind the iris and in front of lens
and suspensory ligaments.

Aqueous humor : Fluid in the anterior chamber is. called as
aqueous humor. This fluid is secreted by ciliary process. Intra
ocular pressure creates pressure which is called as Intra ocular
pressure.

Intra Ocular Pressure (Normal IOP) - is 10 mm of Hg.

IOP is increased in glaucoma, which may result in blindness.

Vitreous Chamber (Posterior Cavity)

It contains jelly like substance called as vitreous body it
maintains shape of eyeball.

Four processes which are concerned with the formation of
image on the retina are as follows :

1) Refraction of light rays through lens

2) Accommodation of lens.

3) Constriction of pupil.

4) Convergence of eye ball (focusing of both eyes on only
one set of object)
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Accommodation of lens and constriction of pupll is
described in the following passage.

Light rays entering the eye pass through the cornea, aqueous
humor, lens and vitreous body and then retinal image is
formed due to accommodation of lens.

A change in the curvature of the lens to adjust for the vision
is called as accommodation. In near vision due to
contraction of ciliary muscles lens bulges out while in far
vision lens flattens due to relaxation of ciliary muscles. This
is called as accommodation. Constriction of pupil is also a
part of accommodation. Accommodation and constriction
occurs simultaneously.

Images are focused upside down on retina. Image undergoes
mirror reversal, but we do not see inverted world because
brain coordinates visual images with exact locations of the
objects.

After an image is formed on retina, light energy is converted
to nerve impulse and due to excitation of rods and cones;
signals are transmitted to bipolar and ganglionic layers of
retina.

Visual Field of the Eye
Everything that is seen with eye is that eye’s visual field.

Human vision is binocular. Two eyes concentrate on only
one object at one time, so there is overlappmg of the visual
fields of two eyes.
1. Light reflected from rlght side of an object hits left
side of retina
2. Light reflected from left side of an object hits right
~ side of retina.

Division of v1sual field

Nasa.{ half Tempdlral half

(central half) (peripheral half)
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Righteye  Nasal half Left eye

Temporal half Temporal haif
Light rays from object o
in the nasal half of
visual field fall on the
temporal half of

the retina

ght rays from
object in the temporal
half of visual field
Temoral halt Nasal half of retina
of retina

Temporai haif of retina

Rt. retina Lt. retina

Fig. 21 : Nasal Field

Rays from temporal half of visual field falls on nasal half of
retina. Rays from nasal half of visual field falls on temporal
half of retina.

Receptors of visual pathway

1) Rods - Receprors for black and white vision.
2) Cones - Receptors for brightness, sharpness and color.

Visual pathway consist of-

1) Optic nerves - Axons of gangtionic cells form optic nerve.
It conducts visual impulse.

2) Optic chiasma - Crossing point of optic nerve fibers is
called as optic chiasma.

3) Optic tract - Which extends from optic chiasma to lower
geniculate body of thalamus.

4) Optic radiations - Extend from thalamus to primary
visual area of occipital lobe of cerebral cortex.

Visual pathway

After an image is formed on retina, light energy is converted
into nerve impulse and due to stimulation of rods and cones
signals are transmitted to bipolar and ganglionic layers of
retina. Also note that there are two special types of cells
present in retina - in nervous tunic- called horizontal cells
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Nasal field

Temporal field Temporal field

' . Temporal field
Temporal retina

Temporal retina
(uncrossed fibres)

Optic chiasma
(Base of brain
near pituitary)

Optic radiation

Occipital lobe
17,18,19

Fig. 22 : Optic Pathway

and amacrine cells. These cells form laterally directed
pathways that modify and control the message that is
transmitted along the direct pathway.

1) Axons of ganglion neurons form optic nerve. Optic nerve

leaves the eye ball through optic disc.

2) Visual impulse is conducted by optic nerve to optic
chiasma. '

3) In optic chiasma partial decussation (crossing) of axons of
optic nerve takes place.

In optic chiasma fibers coming from the temporal halves of
retina remain uncrossed. In optic chiasma fibers coming
from the nasal halves of retina cross to opposite sides.
Crossing of the fibers occurs at the base of the brain.

Optic tracts: Optic tract begins after crossing of the nerve
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fibers in optic chiasma. Axons of the optic tracts contain
axons of the temporal half of the same side and axons of the
nasal half of the opposite side. For e.g. right optic tract
consist of temporal axons of right retina and nasal axons of
the left retina.

Optic tract extends from optic chiasma to lateral geniculate

body (L.G.B.) of thalamus.

Axons of optic tract synapse in lateral geniculate body of
thalamus.

Axons of thalamus form optic radiations.

Axons of.optic radiations go to primary visual area (area 17)
of occipital lobe of parietal cortex.

Signals are also transmitted to visual association area (area 18
and 19) of occipital cortex, from primary visual area.

Function of Primary Visual (Area 17)

This area determines shape, color and movement of visual
stimuli.

Function of visual association area (area 18, 19)

This area receives impulses from primary visual area and
thalamus. It is related to memory of visual experiences. It
recognizes, evaluates what is seen.

Role of midbrain in visual function

1) Control of size of pupil in response to light.
2) Movement of head and eyes in response to audio, visual
stimuli.

1) Some axons from retina directly pass to superior colliculus
of midbrain to control size of pupil and head and neck
movements. ,

2) Some axons from retina pass to hypothalamus to establish
sleep patterns.
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2) Gustatory pathway (pathway of Taste)
(Rasagrahana Marga) ‘

Taste is a chemical sense.

Taste is a function of the taste buds.

Taste buds are present on the tongue.

Taste buds are numerous on posterior part of the tongue.
Very few taste buds are present in the throat and on the soft
palate. .

Taste buds are present in papillae of the tongue. Papillae are
projections of the tongue.

Types of papillae
1) Circumvallat papillae
2) Fungiform papillae
3) Filiform papillae

Root of tongue Epiglottis

‘ Vi)
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NV /ARG ) 7P Lingual tonsil
W 7 o Circumvallate
Bitter A <) papilae
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g Sour Sens i -— Filiform palillae
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7] v . N
K S \ -1/ - Body of tongue
Salt < o
Sweet & PR :.:

5B Fungitorm papillae
Apex of tongue

Fig 23 : Tongue

“Taste buds consist of following cells:

1) Supporting cells.
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2) Gustatory cells
3) Basal Cells.

Gustatory cells contains hair like processes

Gustatory cells make contact with taste stimuli. Gustatory
cells are present inside the epithelium of supporting cells.

Function of basal cells is to produce supporting and
gustatory cell of taste buds.

Types of Taste: 1) Sweet 2) Salty 3) Sour 4) bitter.

Taste buds receive stimulus of taste of substance kept on
tongue. When the food substance gets dissolved in saliva
then the taste buds comes in contact with particles of
substance.

Taste buds receive the stimulus of taste and taste impulse is
generated.

Taste impulse is conducted from the taste buds to paraital
lobe of cerebral cortex. This path of conduction of taste
impulse is a gustatory pathway.

Following nerves conduct impulse of taste. These nerves are
as follows-

1) Facial nerve (VII) - Conduct taste impulses from anterior
2/5 of tongue via lingual nerve then through chorda tympani
into facial nerve.

2) Glossopharyngeal nerve (IX) - Conduct taste impulses
from posterior !/3 rd of the tongue.

3) Vagus nerve (X) - Conduct impulses from throat.

Ist order neuron extends from taste buds to the tractus
solitarius of medulla oblongata.

2nd order neuron, extends from tracts soliterius of medulla
up to thalamus.

3rd order neuron, extends from thalamus to the parietal
cortex of cerebrum.
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|
Posterior lobe ————la“ "1
(Operculo-insutar area) |

Thalamus

Nucleus of tractus solileriU§>
(mid brain)

Tractus soliterus

(7th) Facial ®?

Cordatympany Vit

sulj jequed

Posterior 1/3rd by 9th
glossopharyngeal

Anterior 2/3rd
Fascial 7th cranial

Tongue

Fig. 24 : Gustatory Pathway

From Anterior two-third portion of tongue, taste impulse
from taste buds pass into lingual nerve, then through chorda
tympani into the facial nerve and pass to tractus solitarius.

From posterior one-third portion of the tongue nerve
impulse is conducted by glossopharynegeal nerve to tractus
soliterius.

Axons of second order neuron terminate in the thalamus.
From thalamus third order neuron terminates in the
gustatory center of parietal lobe of cerebral cortex.

Taste reflex: From tractus soliterius a iarge number of taste
signals are transmitted in the medulla itself to superior and
interior salivary nuclei and these in turn transmit motor
signal to salivary glands to control salivary secretion.
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3) Olfactory Pathway (Pathway of smell)
(Gandhagrahan Marga)

Sense of smell is a chemical sense. For the generation of

impulse of smell substance must be in a gaseous form.
Volatile substances generally have strong odors.

Olfactory area - Parts of the nasal cavity which takes part in
the process of olfaction is called as olfactory area.

Nose is concerned with sense of smell.

Olfactory epithelium - Olfactory epithelium is the part of
nasal epithelium. Olfactory epithelium is sensitive to smell.

The olfactory area is formed by:

1) Superior nasal conchi of nose.
2) Upper part of nasal septum.
3) Roof of the nose.

Olfactory bulb

N #—.,5___Cnbntorm plate of
BN =" ethmoid bone

[=——————(Qlfactory (I} nerve

— Connective tissue

Basal cell
Supporting celt

Olfactory cell

0 SN\ Olfactory vesicle

Olfactory har

v
W Mucus layer

Substance being smelled

Fig. 25 (a) : Olfactory Receptors
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The olfactory epithelium consist of following three types of
cell-

1) Supporting cells.
2) Basal cells.
3) Bipolar nerve cells - These cells are concerned with smell.

Bipolar nerve cells are the receptors of sense of smell.

Dendrites of the bipolar nerve cells terminate in expanded
olfactory vesicles.

Olfactory vesicles contain 6 to 8 granules and each granule
give rise to hair like process called as olfactory end organ.
Axons of the bipolar nerve cells form olfactory nerve.
Olfactory nerve pierces the cribriform plate of ethmoid bone
and enters the olfactory bulb.

Olfactory bulb consists of nerve cells called as mitral cells
and tufted cells.

Mitral cells and tufted cells form network called as olfactory
glomeruli.

Medial olfactory area

Limbic system
{Hypothalamus)

Cribriform plate E

Olfactory epithelium

Fig. 25 (b) : Olfactory Pathway

Lateral oifactory area

Physiology of olfaction
1) The substances which remain in the gaseous state
produce strong odors.
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2) Odorous particles reach the olfactory area of the nose.

3) Particles dissolve in the fluid of the nose.

4) Particles stimulate bipolar nerve cells in the olfactory
epithelium.

5) And impulse for smell is generated.

6) This impulse for smell is conducted by olfactory nerve
and olfactory tract to cerebral cortex.

1st order neuron of olfactory tract: First order neuron of
olfactory pathway begins from bipolar nerve cells of nasal
epithelium. It extends up to olfactory bulb. The axons of
bipolar nerve cells unite to form olfactory nerve.

2nd order neuron of olfactory pathway: Axon of olfactory
nerve synapses with dendrites of mitral and tufted cells of

olfactory bulb and from here starts 2nd order neuron. Axons
of mitral and tufted cells form olfactory tract.

Olfactory tract consist of -

1) Medial olfactory area of temporal lobe.
2) Lateral olfactory area of temporal lobe of cerebral cortex.

Medial olfactory area is situated anterior to hypothalamus &
lateral olfactory area consists of pyriform and prepyriform
lobe of cerebral cortex. :

- From lateral olfactory area signals are transmitted to limbic
system and hippocampus.

Hippocampus region is concerned with selection of food, for
e.g. aversion of particular food after nausea, vomiting.

Sense of taste and smell are correlated each other. Smell of
food can stimulate appetite and can increase salivation
Hence in common cold, due to blocking of nose, person can
not smell the food and hence dont feel like eating. However
taste sensations are completely normal. Loss of sense of smell
is called anosmia.
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4) Auditory Pathway (Pathway of Sound
(Shabdagrahana Marga)

Parts of Ear - These are three:
1) External Ear
2) Middle Ear
3) Internal Ear

Oval window

Fig. 26 : Parts of Ear

External Ear

Parts: 1) The auricle (Pinna), 2) Helix, 3) Lobule and 4)
External auditory canal.

The auricle (Pinna) is a cartilaginous outer structure of the
ear. Rim of the pinna is called as helix, Inferior portion of the
pinna is called lobule.

External auditory canal is a 2.5 cm. long curved tube
external auditory canal contains few hair and ceruminous
gland.

Tympanic Membrane: It is a thin semi transparent partition
of fibrous connective tissue between external auditory canal
and middle ear. ' '

Middle Ear

Posterior wall of middle ear communicates with mastoid air
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cells through mastoid antrum. The ant-erior wall of middle
ear contains an opening that leads to auditory tube
(eustachian tube). One end of auditory tube is connected
with nasopharynx.

Extending across the middle ear is three small bones viz -1)
Malleus (2) Incus (3) Stapes. These bones are also called as
ossicles.

Oval window - It is present in the footplate of stapes.
Round window- Round shaped opening below the oval
window is called round window. Round window is enclosed
with secondary tympanic membrane. Two skeletal muscles
are attached to ossicles.

1) Tensor tympani, 2) Stapedius muscle.

Interpal Ear
Internal ear is also called as labyrinth.

Division (i]f Labyrinth

l §
Bony labyrinth Membranous labyrinth
‘ N |
|
Vestibule  Semi- Cochlea Urricle Saccule = Semi-circular
circular ducts
canals

Bony labyrinth is lined with periosteum.

Perilymph - Fluid in the bony labyrinth is called as
perilymph. It surrounds membranous labyrinth.

Membranous labyrinth in the vestibule consist of two sacs -
1) Utricle 2) Saccule which are concerned with equilibrium.

Endolymph - Fluid in the membranous labyrinth is called as
endolymph.

Ampulla - Enlarged end of semicircular canal is called

ampulla.
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Semicircular canals
(contain semicircular ducts)

Bony labyrinth

(contains perilymph)
Membranous labyrinth
(contains endolymph)

Ampulla of
semicircular canal

Anterior

Cochlear

LATERAL

Ampulia of
semicircular duct

Oval window

Secondary lympan

membrane in
round window

Fig 27 (a) : The Right Internal Ear

MEDIAL

Semicircular duct - It is a part of membranous labyrinth
inside the semicircular canal. These ducts are connected with
utricle and saccule.

Cochlea - Cochlea is a coiled tube. Cochlea consist of - i) 3
cavities or tubes and ii) 2 membranes.

Helicotrema - Apex of the cochlea is called as Helicotrema.
Modiolus - It is the center of the cochlea.

Cavities or tubes of cochlea are:
1) Scala vestibule 2) Scala media 3) Scala tympani.

Membranes of cochlea are:
1) Vestibular membrane 2) Basilar membrane

Vestibular membrane separates scala vestibule & scala media
from each other. - ’

Basilar membrane - It is between scala media and scala
tympani.
12S.K. 11
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Foot plate
of stapes Oval/window
\ Vestibular
S. Vestibuli . membrane
——>
Endolymph S. Media >
S. Tympani Basitar
: membrane
Base

\
Round window
Fig. 27 (b) : Cavities (tubes) and membranes of cochlea

Characteristics of basilar membrane:

tnner hair cells

Cochlear nerve

Fig. 27 (c) : Organ of Corti

1) Surface of basilar membrane consist of auditory receptors
called as organ of corti. '

2) Receptors on the basilar membrane generate the auditory
nerve impulse.

3) Place principle - Basilar membrane can identify the
specific pitch of sound. This is called place principle.

4) On the basilar membrane sound wave frequencies are
coded from 20 Hz to 20000 Hz.

5) Organ of corti consists of hair cells.

Inner hair cells are arranged in single row.

Outer hair cells are arranged in three rows.

Total 16000 hair cells are present on basilar membrane.
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Tectorial membrane - It is a flexible gelatinous membrane.
This membrane is in contact with hair cells. Hair cells rub
against tectorial membrane and audltory impulse s
generated.

Clinical importance of hair cells

Exposure to loud sounds, roaring sounds can damage hair
cells and causes deafness.

Hair bundle - Hair bundle is present at the tip of each hair
cell.

Stereocilia - Hair bundle consist of 30-100 stereocilia. These
are long hair like microvilli which are arranged in rows, and
they extend into endolymph.

Cell bodies of sensory neurons are located in the organ of
corti.

Inner hair cells synapse with sensory neurons in the cochlear
nerve.

Outer hair cells synapse with motor neurons in the cochlear
nerve. '

Physiology of Hearing

1) Sound waves travels from pinna to external auditory
canal.

2) Sound waves attack tympanic membrane.

Low frequency sound - Slow vibrations of tympanic
membrane.

High frequency sound - Rapid vibrations of tympanic
membrane.

3) Vibrations are picked up by malleus, incus and stapes.

4) Stepes push the oval window in and out.

5) Round window bulges into middle ear.

6) Pressure in the endolymph also increases.

7) Basilar membrane then starts vibrating,
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8) Due to vibrations in basilar membrane hair cells on the
basilar membrane are stimulated.

9) Hair cells rub against tectorial membrane and hence
auditory nerve impulse is generated, which is transferred to
cochlear branch of vestibulo cochlear (VIII nerve).

Auditory pathway consist of 3 neurons, these neurons are:

Ist order neuron - from organ of corti to pons.

2nd order neuron - from pons to thalamus.

3rd order neuron - from thalamus to temporal lobe of
cerebral cortex.

21,22 Temporal lobe

" Inferior collicular
commissure

M.G.B.
(Medial geniculate

body)Thalamus
Inferior colliculus

{Mid brain}

Nucleus of lateral
lemniscus (Mid brain)

Lateral lemniscus
(Bundle of fibres)

Sup. olivary nucleus
{Medulla)

Ventral cochlear

nucleus of medulla Trapezoid body

Trapezoid {Losated in medulla)
commissure

(crossing)

Cochlear nerve

Fig. 28 : Auditory Pathway
The Names of the stations and their places

1) First order neurons in the cochlear branch of each VIII
nerve terminate into cochlear nuclei medulla on the same
side. For e.g.: 1st order neuron of right ear terminate into
right cochlear nucleus of medulla.
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2) Fibers of 2nd order neuron cross to the opposite side and
pass to superior olivary nucleus in the medulla.

3) Some nerve fibers of 2nd order neuron pass to superior
olivary nucleus of same side.

4) From both right and left cochlear nuclei and superior
olivary nuclei fibers ascend to the inferior colliculus of mid
brain.

5) Then fibers ascend to medial geniculate body (MGB) of
thalamus.

6) From thalamus auditory signals project to the primary
audirory area in the temporal lobe of cerebral cortex.

Important points

1) Auditory signals from both ears are transmitted through
pathways of both sides of brain.

2) Crossing over of the fibers of the auditory pathway occurs
at following 3 places, therefore sound coming from right side
can be heard by left ear and vice versa.

The places of crossing over are as follows:

1) Trapezoid commeasure: Band of nerve fibers crossing to
the superior olivary nucleus.

2) Commissure of Probst: Band of fibers crossing at lateral
leminiscus in midbrain.

3) Inferior collicular commissure: Crossing of the nerve
fibers at inferior colliculus in midbrain.

Auditory areas in cerebral cortex:

Auditory area in cerebral cortex lies in the temporal lobe of
cerebral cortex.

Auditory areas in temporal lobe are 1) Primary auditory area
(area 41, 42) & 2) Auditory association area or wernick’s area
determines if sound is speech, music or noise. This area also
translates words into thoughts.
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Pathology

Deafness
|

Conductive deafness Neural deafness

Due to damage or Organ of corti

defect in external up to the temporal lobe
Tests for hearing _
1) Rinne’s test, 2) Weber’s test, 3) Schwabach test, 4)
Audiometry

5) Pathway of Touch
(Sparshagrhana Marga)

Sensation of touch is included in General Sense

General Sense
|
l I I |

Touch Pain Pressure Heat/cold

: | | (Temperature)
Light Discriminative
touch touch

Light touch and pressure touch are conducted by anterior
spinothalamic tract. Pain and temperature are conducted by
lateral spinothalamic tract. Discriminative touch, vibrations
are conducted by posterior column pathway.

Posterior column pathway consist of

|
| |
1) Tract of Goll 2) Tract of Burdach

(Fasciculus gracilis) (Fasciculus cuneatus)

Conducts discriminative touch and vibrations

Anterior column pathway, lateral column pathway and
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posterior column pathway are called as ascending tracts.
These tracts are sensory tracts that conduct various general
senses to the cerebral cortex.

t is 2 sensation?

State of awareness of external or internal conditions or
environment is called as sensation.

What is receptor?
Recepror picks up the stimulus of sensation. (Information of
receptor is given in chapter No. 14)

In ascending tract 3 neurons are important:

1st order neuron: from receptor to spinal cord
2nd order neuron: from spinal cord to thalamus
3rd order neuron: from thalamus to cerebral cortex.

Pathway of Light touch and pressure

(Anterior Spinothalamic tract)

Anterior Spinothalamic tract conduct sensation of light
touch and pressure.

1st order neuron - Stimulus is picked up by receptors of light
touch and pressure.

Nerve fibers conducting light touch and pressure enter the
spinal cord; make synapses with posterior gray horn on the
same side of cord.

2nd order neuron - Axons of second order neuron crosses to
the opposite side of spinal cord and become a part of anterior
spinothalamic tract.

3rd order neuron - The axons of 2nd order neuron pass
upward in postereo-lateral nucleus of thalamus. From
thalamus nerve fibers of 3rd order neuron pass to somestetic
(General) area of cerebral cortex.

Clinical Importance

Unilateral lesion of spinal cord cause loss of touch &
pressure of opposite side.
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Pathway of paiu and temperature
(Lateral Spinothalamic tract)

Somesthetic area of
parietal lobe (1,2,3)

3rd order
neuron

Ventral postero-lateral
nucleus of thalamus
N

(®— Mid brain
2nd order neuron

CD— Medulla oblongata

Posterior root of ;
spinal root\
N
1st order neuron ; ’0 Lateral white column
Warmth receptor- of spinal cord
Cold recepto
Pain receptor Spinal cord

Fig. 29 : Lateral spinothalamic ascending tract
conducting sensations for temperature and pain

Three neurons of this tract are the same as anterior
spinothalamic pathway.,

Lateral spinothalamic tract also cross in the spinal cord.
Sensation of pain and degree of temperature is recognized by
this tract. This tract terminates in the primary somesthetic
area of parietal lobe of cerebral cortex.

Unilateral lesion of spinal cord causes loss of sense of pain
and temperature of opposite side of the body.

Pathway for discriminative touch and vibrations

(Posterior column pathway)

1) Tract of Goll (Fasciculus gracilis) conducts sensation of
discriminative touch and pressure.
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Somesthetic area of
cortex located in

parietal lobe (area 1,2,3)
™

Third order neuron { 5
T~

@ &_Ventral posterior nucleus
of thalamus

(#&_Media! lemniscus
(Mid brain}

&
Second order neuron { <

Nucleus cuneatus —

Nucleus gracilis

Fasciculus cuneatus:

Fasciculus gracilis

Discriminative touch
vibration propriocetion

Fig. 30 : Posterior

@~ Medulla oblongata

Posterior white column

\
Spinal cord

column pathway
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2) It begins from posterior gray horn of sacral spinal cord.

3) This tract doesn’t cross in the spinal cord.
p

4) But it directly passes up to the medulla.

5) Fibers terminate in nucleus

gracilis of medulla.

6) In medulla 2nd order neuron begins.

7) Axons of 2nd order neuron travel through pons and

midbrain.

8) They terminate in thalamus.

9) In thalamus 3rd order neuron begins.

10) This tract transmits signals to parietal lobe of cerebral

cortex.
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Tract of Burdach (Fasciculus Cuneatus)

This tact begins from the posterior gray horn of cervical
spinal cord.

Its function and neuron are same as tract of Goll.

Functions of posterior column pathway
1) To determine fine, discriminative touch.

2) To determine exact location of touch.

3) To recognize difference in touch.

4) To recognize vibrations.

5) To recognize joint position (proprioception).
Unilateral lesion of spinal cord results in loss of functions of
posterior column pathway, for e.g. failure to recognize size
and shape of the body, inability to recognize discriminate
touch of the same side of the body.

Lesion of right side of spinal cord results in loss of
proprioception, touch on the same side of the body.

L



Chapter 14
Nadi Sansthana

(Nervous System)

Nervous system transmits messages and correlate various
body functions.

Nervous system controls homeostasis through impulses
delivered via neurons.

Division of nervous system is shown in the following charts-

Division of nervous system

|

Central nervous system Peripheral nervous system

(Brain, spinal cord) (CNS) (PNS)

I
|
Efferent nervous system
(conveys information from

central nervous system to
muscles and gland.

Afferent nervous system
(conveys information
from receptors to
central nervous system

l

r

Somatic nervous system
(conveys information from
C.N.S. to skeletal muscles)

Sympathetic
nervous system

Nervous Tissue

Autonomic nervous system

Parasympathetic
nervous system

Nervous system consist of 2 types of cells:

1) Neurons

2) Neuroglia are the 2 types of Nervous cells

Neurons : Structural and functional cells of nervous tissue.
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Neurons conduct nerve impulses from one part of the body
to another,

Components of Nerve Cell (Neuron)

Neuron consists of i) Cell body (ii) Dendrites (iii) Axon.

Dendrites

Celi body

Axon hilliock

<

Axon collaterais

Node of Ranvier &———

% } Terminal branches

Axon terminals T

Fig 31 : A Digramatic Representation of a CNS Neuron

Cell body of Neuron
Cell body of neuron contains nucleus and it is surrounded by

a granular cytoplasm.
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Contents of the cytoplasm of cell body.
(1) Lysosmes 2) Mitochondria 3) Golgi complex 4)
Lipofuscin 5) Nissl bodies 6) Neurofibrils.

Nissl's Bodies - It is a granular endoplasmic reticulum. Its
function is protein synthesis and regeneration of peripheral
nerve fibers.

Lipofuscin - These are yellowish brown granules which
increase with age.

Neurofibrils - These are long, thin fibrils which transport
nutrients. '

Dendrites and Axons are cytoplasmic procc.sses of neuron
Characters of Dendrites

Dendrites are highly branched and they are thick extension
of cytoplasm of the cell body.

Function - to conduct nerve impulse towards the cell body.
A neuron has several dendrites.

Axon is a long thin process which originates from the cell

body.

Characters of Axon
1) Long thin process 2) Originates from the cell body

Components of Axon

1) Axon Hillock - Small conical elevation from which axon
originates from the cell body.

2) Axon contains mitochondria and neurofibrils.

3) Axon do not contain Nissl bodies hence it does not
contain any protein synthesis.

4) Axoplasm- It is the cytoplasm of the axon.

5) Axolemma - It is a plasma membrane. Axoplasm is
surrounded by Axolemma.

6) Axon collaterals - Side branches of axon are axon collater-

als.
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7) Axon terminals - The axon and its collaterals terminate by
branching into fine filaments called as axon terminals.

8) Synaptic end bulbs - The distal ends of axon terminals are
expanded into bulb like structures. These bulbs like
structures are called as synaptic end bulbs.

9) Synaptic vesicles - Sacs present in synaptic end bulbs are
called as synaptic vesicles. Synaptic vesicles store neurotrans-
mitters.

10) Axon conducts nerve impulses away from the cell body
to another neuron or muscle or gland.

Nerve Fiber |
An axon along with its sheath is called as Nerve fiber.

Types of Nerve Fibers

Myelinated nerve fibers Non-myelinated nerve fibers

1) Axon or the nerve fibers outside the CNS are surrounded
by myelin sheath.

2) Axon or the nerve fibers in the CNS are without myelin
sheath or also called as unmyelinated nerve fibers.

3) Axons of peripheral nervous system are myelinated.

4) Neurolemmocytes (Schwann cells) - These cells are
located along the axon, these form myelin sheath,
5)Neurolemma - The peripheral nucleaied cytoplasmic layer
of the neurolemmocyte is called neurolemma.

Neurolemma is found only around the fibers of the
peripheral nervous system.

Function of Neurolemma - Regeneration of injured axons
and dendrites. ’

Types of the Neurons are as follows:

1) Multipolar neurons 2) Bipolar neurons 3) Unipolar
neurons .



Nadi Sansthana 191

1) Multipolar neuron consists of many dendrites and one
axon.

2) Bipolar neurons are few in numbers they are purely
sensory e.g. of bipolar neurons arc retina of eye, organ of
hearing in the inner ear and olfactory epithelium in the
upper part of nose.

3) Unipolar neuron have only one axon and one dendrite e.g.
Neurons of posterior root ganglion of spinal nerves.

Functional classification of neurons
|

Sensory neurons Motor neurons Association
(affcrch neurons) (cﬂ"crcntl neurons) neur(|)ns
Convey impulses Convey impulses Carry impulses
from skin, muscles, from brain & spinal  from sensory to
joints to brain and  cord to muscles, motor neuron
spinal cord glands or skin

Nerves which lie outside the central nervous system belong
to peripheral nervous system. The functional part of nerve is
nerve fibers.

Classification of Nerve Fibers

1] General somatic afferent fibers: Conduct nerve impulse
from the skin, muscles joints to the central nervous system.

2] General somatic efferent fibers: Conduct impulses from
CNS to skeletal muscles. |

3] General visceral afferent fibers: Conduct impulses from
viscera & blood vessels to CNS.

4] General visceral efferent fibers: These types of nerve fibers
are called as autonomic nerve fibers.

They control contractions of smooth & cardiac muscle &
secretion of glands.
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Characteristics of neurons

1] Ability of neurons is to generate & conduct impulse.
2] It has limited capacity of regeneration.

Neuroglial Cells

Neuroglial cells are supporting cells of nervous system.

Types of neuroglial cells
|

[ i
Cells (Tf CNS Cells of PNS
| ! | !
Astrocytes Oligodendro- Microglia Ependyma
cytes or
Ependymocytes

Schwhann cells  Satellite cells

Cells of CNS

1) Astrocytes - These cells look like stars. These cells support
metabolic exchanges between neurons & capillaries in CNS.
These cells release neurotransmitters. _

2) Oligodendrites - They form myelin sheaths around axons
in CNS. (Same function is carried out by Schwann cells in
PNS). '

3) Microglia - These cells have phagocytic action.

4) Ependyma - Epithelial cells, they assists in circulation of
CSE

Cells of PNS

5) Schwann cells - The function is same as oligodendrites.
6) Satellite cells - These are small cuboidal cells. These cells
are found in para vertebral & peripheral ganglia function of
these cells is same as satellite cells.

Regeneration of neurons
1) Neurons have limited capacity for regeneration.
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2) Around six months of age, cell bodies of neurons loose
their ability to reproduce.

3) A neuron destroyed is permanently lost.

4) Peripheral nerves have ability to regenerate.

5) Peripheral nerves are myelinated. Schwann cells regene-
rate myelin sheath.

6) Axons in the brain and spinal cord are myelinated by
oligodendocyte but they do not assist regeneration.

Physiology of Central Nervous System

Parts of Central Nervous System are as follows:

Central nervous system consist of brain and spinal cord.

Parts of brain

1) Brain stem

2) Diencephalon
3) Cerebrum

4) Cerebellum

Brain stem consist of

|
l | ]
Medulla Pons Midbrain
oblongata

Part of Diencephalon are
|
I |

Thalamus ' Hypothalamus

1) Forebrain consist of 1) Cerebrum

2) Thalamus

3) Hypothalamus
2) Midbrain ‘

3) Hindbrain consist of 1) Pons
2) Medulla oblongata
3) Cerebellum

13SK. 11
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Functions of Medulla oblongata
Medulla oblongata is a continuation of upper portion of
spinal cord.

* Medulla oblongata consists of all ascending and descending
tracts that communicate between spinal cord and various
parts of brain. On the ventral side of medulla are two
triangular structures called as pyramids.

Pyramids

Pyramids are composed of largest motor tracts that pass from
brain to spinal cord. Just above the junction of medulla and
spinal cord decussating of fibers takes place. Here most of
the fibers in left pyramid cross to the right side and most of
the fibers in the right pyramid cross to the left side of
medulla. This crossing is called as decussation of pyramids.
Therefore motor area of one side of cerebral cortex control
muscular movements of opposite side after decussation,
nerve fibers in the descending tracts pass in lateral fibers of
medulla oblongata.

Dorsal side of Medulla oblongata
Dorsal side of medulla consists of two pairs of nuclei:

1) Nucleus gracilis.
2) Nucleus cuneatus.

These nuclei, receives sensory fibers from ascending tracts
right and left fasciculus gracilis and fasciculus cuneatus, and
relay sensory information to the opposite side of medulla.

Reflex centers in the Medulla oblongata are as follows -

1) Cardiac center - Regulates heart rate.

2) Medullary rhythmicity area - Adjusts the basic rhythm of
breathing.

3) Vasomotor center - Regulates the diameter of blood
vessels.
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4) Other reflex céntcrs - Reflex center for swallowing,
vomiting, coughing, sneezing and hiccup.

5) It gives origin to several pairs of cranial nerves.

The Medulla contains thc nuclei of origin for following pairs
of cranial nerves:

1) Vestibulo-cochlear nerve (VIII)

2) Glosso-pharyngeal nerves (IX)

3) Vagus nerves (X)

4) Accessory nerves (XI)

5) Hypoglossal nerves (XII)

Medulla is concerned with maintenance of equilibrium,
postural changes and locomotion.

1) Cranial nerve malfunctions on the same side of the body.
2) Paralysis and loss of sensation on the opposite side of the
body. -

3) Irregular respiratory rhythm.

Functions of Pons

Meaning of pons is bridge, because pons connects the spinal
cord with the brain and parts of brain with each other.

1) Pons consists of two sets of fibers.
1) Longitudinal fibers

2) Transverse fibers.

Longitudinal fibers belong to the motor and sensory tracts
that connect spinal cord medulla with the upper parts of the
brain stem.

Transverse fibers are connected with the cerebellum.

2) Pons give rise to following pairs of cranial nerves:
1) Trigeminal nerves (V)
2) Abducent nerves (VI)
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3) Facial nerves (VII)
4) Vestibular branch of Vestibulo-cochlear nerve

3) Pons controls breathing movements, pneumotaxic area
and apneustic area. Pons together with medullary
rhythmicity area control respiration.

Functions of Midbrain (Mesencephalon)

The midbrain or mesencephalon extends from the pons to
the lower portion of the diencephalon. The cerebral
aqueduct passes through the midbrain and connects the
third ventricle above with the fourth ventricle below. Dorsal
portion of midbrain is called as tectum and contains four
rounded eminences which are called as-

1) Superior colliculi
2) Inferior colliculi

Superior colliculi serve as a reflex centers for movements of
eyeballs and movements of head and neck in response to
visual and other stimuli.

- Function of inferior colliculi - It serves as reflex centers for
movements of head and neck in response to auditory stimuli.

Red nucleus of Midbrain: _

Fibers from cerebellum and cerebral cortex terminate in red
nucleus. Red nucleus gives origin to descending rubrospinal
tract, which is extrapyramidal tract.

Cranial nuclei in Midbrain:
Nuclei for occulomotor nerves (III) are present in the
midbrain.

Functions of Diencephalon
Division of Diencephalon

|

Thalamus Hypothalamus
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Functions of Thalamus

1) All the special senses such as taste, touch, auditory and
visual sense (except sense of smell ie. olfactory sense) are
carried in the thalamus. In other words, thalamus is a relay
station for all the special centers except smell. From thalamus
sensations are conveyed to cerebral cortex.

2) Thalamus acts as interpretation center for sensory
impulses like pain, temperature, light, touch and pressure.

3) Anterior nucleus of thalamus is concerned with certain
emotions and memory. '

Hypothalamus
The hypothalamus is a small part located below thalamus.

Functions of hypothalamus

1) Information from external environment comes to the
hypothalamus via afferent pathways.

2) Any change in physiological condition is brought to
hypothalamus via afferent pathways.

3) Change in water concentration, hormone concentration,
and change in body temperature is noticed by hypothalamus.
4) Hypothalamus controls autonomic nervous system.

5) Hypothalamus secretes regulatory/ inhibitory hormones.
6) Hypothalamus controls normal body temperature.

7) It regulates food intake.

8) Feeding center of hypothalamus is responsible for hunger
sensation.

9) Satiety center is present in hypothalamus which gives
feeling of satiety. :

10) Thirst center is present in hypothalamus. Reduced
extracellular fluid volume stimulates thirst center. This in
turn produces thirst sensation.

11) Waking state and sleep patterns are maintained by hypo-
thalamus.
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12) It maintains biological rhythm.
13) It also maintains sexual behavior.

Functions of Cerebrum

Anterior

Longitudinal
fissure

Precental
gyrus A

Central
sulcus

Post central
gyrus

QOccipal lobe

Left hemishphere ‘Right hemisphere

Posterior

Fig. 32 : Superior view of the brain

The cerebrum is the largest part of the brain. The surface of
cerebrum is called as cortex. It contains gyri, fissures and
sulci. Cerebral cortex is made up of gray matter while
cerebral white matter is situated below the cortex of
cerebrum.

Cerebral cortex contains billions of nerve cell bodies. Gray
matter is non myelinated nervous tissue and white matter is a
myelinated nervous tissue. Cerebrum is divided into two

equal halves called as hemisphere.

Division of Cerebrum
1

| .
1) Right hemisphere 2) Left hemisphere

Right and left hemispheres are connected internally by
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bundle of transverse fibers called as corpus collosum. It is
made up of white matter. '

Protection and coverings of Brain

The brain is protected by cranial bones. Brain is covered by 3
meninges. The cranial meninges surround the brain and are
continuous with spinal meninges.

The Cranial Meninges are:
1) Duramater - Outermost covering
2) Arachnoid mater - Middle covering
3) Pia mater - Innermost covering

The cranial duramater consists of two layers. The outer layer
is thick, which functions like periosteum. The inner layer is
thin.

Cerebrospinal Fluid (C.S.E)
The brain is further protected by cerebrospinal‘fluid.

Cerebrospinal fluid is formed in the choroid plexuses and
circulates through the subarachnoid space, ventricles and
central canal of spinal cord.

Function of CSF

1) CSF acts as a shock absorber.

2) Protects brain and spinal cord from trauma.
Volume of C,S.F is 80 to 150 ml

CS.F is clear colorless fluid, like water and contains
proteins, glucose, urea, salts and some lymphocytes.

Blood Supply of Brain

Blood is supplied to the brain via cerebral arteries i.e. circle

of Willis.

Brain is the most active organ of the body, hence brain
requires continuous supply of oxygen. Lack of oxygen for
more than six seconds can damage brain cells.
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Brain is supplied with oxygen and glucose, continuously.
Low glucose level may cause mental confusion, dizziness,
loss of consciousness and convulsions.

Blood Brain Barrier (BBB) is a concept that explains passage
of certain material from the blood into the brain. BBB
protects brain cells from harmful substances. Trauma,
inflammation, toxins can brake BBB and the substances
which normally don’t reach the brain, can reach brain and
damage brain tissue.

Basal Ganglia (Cerebral Nuclei)

Basal ganglia are paired masses of gray matter. They are
present in each hemisphere of cerebrum.

Corpus striatum is the largest basal ganglia in each cerebral
hemisphere.

. Lentiform nucleus
Head of caudate

nucleus Caudate nucleus

Thalamus

Putamen

\___/’ Tail of caudate
Amygdaloid body

cucteus

Fig. 34 (a) :

Division of Corpus striatum

Caudate nucleus Lentifoirm nucleus
[ |

Putamen Globus pallidus

(lateral portion) (medial portion)
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Other parts of Basal Ganglia are as follows:

1) Substantia nigra, the largest nucleus in the midbrain.
2) Subthalamic nucleus lies against internal capsule.
3) Red nucleus is a part of basal ganglia.

Corticobulbar
and cortico

spinal tracts .
Substantia nigra

Fig. 34 (b) : Connection of cerebral
nuclei with vaiious parts of brain

Basal cell ganglia are connected to the cerebral cortex,
thalamus, and hypothalamus.

Functions of Basal Ganglia

Caudate nueleus and putamen control large subconscious
‘movements of skeletal muscles e.g. swinging of arms while
walking. Damage to basal ganglia result in abnormal body
movements.

Lobes of cerebrum

Each cerebral hemisphere is subdivided into four lobes. They
are,

1) Frontal lobe

2) Parietal lobe
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3) Temporal lobe
4) Occipital lobe

Parietal lobe

hN

Frontal lobe

{---—/{' emporal lobe -
\_,\_/

Fig 34 : Lobes of left cerebral hemisphere

_ )

Occipital lobe

White matter of Cerebrum

White matter of cerebrum is present below the cortex of
cerebrum. It consists of myelinated axons.

Association fibers of white matter

These fibers connect and transmit nerve impulses between
gyti in the same hemisphere.

Commissural fibers

Transmit impulses from the gyri in one cerebral hemisphere
to the gyri in another hemisphere.

Projection Fibers

These fibers form ascending and descending tracts, e.g.
internal capsule is type of projection fibre.

Limbic System
Certain parts of the cerebral hemispheres and diencephalons
forms limbic system.

Functions of Limbic System

1) Limbic system is concerned with emotions, behavior
pattern and memory.

2) Limbic system is concerned with pain and pleasure, anger,
rage, fear, sorrow, sexual feeling and affection.
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3) Limbic system is called as visceral or emotional brain.

Functional areas of Cerebral cortex:

1) Functionally cerebral cortex is divided into
1) Sensory areas, 2) Motor areas, 3) Association areas

Functional areas are present in different lobes of cerebrum.
These functional areas are numbered.

Sensory areas of Cerebral cortex:

Primary somesthetic area
Centra) sulcus
Premotor area

Primary gustatory area
Somesthetic
association area —><

Visual
association : ' s
area WAL : { R Frontal lobe

Temporal Auditory Broca's area
lobe association : . (Most people has broca's
area Primary auditory area area in the left hemisphere)

Fig. 36 : Sensory and motor areas located in
right hemisphere (Brodmann's areas)

Sensory areas of cerebral cortex are as follows:

No. | Sensory Areas Area No.

1 [Primary somesthetic area or 1,2,3
(General sensory area)

2 | Somesthetic association area 5,7
(Sensory association area)

3 | Primary visual area 17

4 | Visual association area 18,19

5 |Primary auditory area 41,42

6 | Auditory association area (Wernick’s area) 22

7 | Primary gustatory area 43

8 | Primary olfactory area

9 |Gnostic area 7,39,40
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Motor areas of cerebral cortex

Sr. No. | Areas Area No.
1 "| Premotor area 6

2 Frontal eye field area 8

3 Motor speech area (Broca’s area) | 44

Association areas of cerebral cortex:

The association region of the cortex occupies the greater
portion of lateral surfaces of the occipital, parietal and
temporal lobes.

Precise functions of sensory areas

1) Primary somesthetic area- This is also called as general
sensory area.

2) Somesthetic association area.

Functions of primary somesthetic area

This area receives sensations from cutaneous, muscular and
visceral receptors in various parts of body. Each point of this
area receives sensation from specific parts of the body. Whole
body is represented in this area. More the sensitive area,
larger the space occupied by the area in this region for e.g.
lips are sensitive than thorax. Therefore larger portion of
sensory areas receives impulses from lips than from the
thorax.

Important function of general sensory areas is to localize the
points of the body where the sensation arises. But this area
cannot identify the exact location of area, where the
sensation arises.

Functions of somesthetic association areas

1) This area receives inputs from thalamus.
2) Its function is to integrate and interpret sensations.

This area can determine exact shape and texture of an object
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without looking at it. This is then stored as memory of past
experience. Therefore person can compare sensations with
past experiences.

Functions of Primary visual area (area 17)

1) This area receives sensory impulses from the eyes.
2) This area interprets shape, color and movement of an
object. '

Functions of Visual association area (area 18, 19)

1) This area stores visual experiences
2) This area establishes present visual experiences with past
one with recognition and evaluation of what is seen.

Functions of Primary auditory area (areas 41, 42)

1) This area interprets pitch and rhythm of sound.

Functions of Auditory association area (area 22)

1) This area determines whether sound is speech, music or
noise.
2) This area converts words into thoughts.

Functions of Primary gustatory area (area 43)

1) This area interprets sensations related to taste.

Functions of Primary olfactory area
This area is related to smell.

Gnostic area or Wernicke's area (areas 5.7.39.40)

1) Meaning of gnosis is knowledge. This area receives
knowledge from all association areas e.g. from taste and smell
areas and from thalamus.

2) This area integrates sensory interpretations from all parts
of brain.

3) By receiving such inputs from all parts of brain, a
common thought is formed.
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Sensory area and lobes of cerebrum
Areas Lobes

1 | General sensory area (areas 1, 2, 3) )
- — - Parietal lobe

2 | Somesthetic association area (areas 5,7)

3 | Primary visuaFarea (area 17) Occipital lobe

4 | Visual association are (area 18,19)

5 | Primary auditory area ( areas 41, 42,) Temporal lobe

6 | Auditory association area ( area 22) ‘

7 | Primary gustatory area ( area 43) Parietal lobe

8 | Gnostic area ( areas 5, 7, 39, 40) Located among
somesthetic visual,
auditory associa-
tion area.

9 | Primary olfactory area Temporal lobe

Motor area of cerebral cortex

Areas

Lobes

Primary motor area ( area 4)

Precentral gyrus of frontal lobe

2 |Premotor area (area 06) Anterior to the primary motor
area in frontal lobe.
3 |Frontal eye field area (area 8)|Frontal lobe.

Broca’s area (area 44)

Located in frontal lobe superiof

to the lateral cerebral sulcus.

Functions of Motor area

1) The Primary motor area (area 4) control specific group of
muscles those results in muscular contraction of opposite
side of the body.
2) The frontal eye field area (area 8) - This area controls
voluntary scanning movements of the eyes for e.g. searching
for a word in book.
3) Functions of Broca’s area (area 44) - Converts thoughts
into speech. The production of speech occurs in Broca’s
speech area, which is located in the left frontal lobe.
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Functions of association areas
Association areas are related to memory, reasoning, intelli-

gence and emotions.

Brain Lateralization

1) The two hemispheres of the brain a:c not exactly symme-
trical.

2) For numerical, scientific skills left hemisphere is impor-
tant.

Right hemisphere is important for musical, artistic aware-
ness.

Electroencephalogram (EEG)

Brain waves generated by the cerebral cortex can be recorded.
This record of cerebral activity is called as EEG.

Types of brain waves : 4 types of waves are observed in EEG.
These waves are:

1) Alpha, 2) Beta, 3) Theta, 4) Delta

Alpha waves are found in people who are awake and in
resting stage. These waves disappear during sleep. Beta waves
indicates active nervous system. Theta waves occur in
children and in adults and it shows stress. Delta waves are
found in children in awaken stage, however this indicates
brain damage in adults. These waves are also found during

deep sleep in adults.

Cranial nerves
Twelve pairs of cranial nerves arise from the brain.

Name and functions of cranial nerves
Olfactory (I) sensory | Sensory function : Smell

—

2 |Optic (II) Sensory Sensory function : Vision

3 |Oculomoter (III) Motor function-Movement of eyelid,
mixed primarily motor | eyeball, constriction of pupil acco-
mmodation of lens for near vision.
Sensory function - Muscle sense
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4 |Trochlear nerve (IV) Motor function : Movement of
mixed - primarily motor eyeball
Sensory function : Muscle sense
5 |Trigeminal nerve (V)  |Motor function : Chewing
mixed Sensory function: Conveys sensa-
tions for touch, pain, temperature
from face, plate, pharynx and skin
over face. -
6 |Abducens nerve (VI)  [Motor function : Movement of
mixed-primarily motor |eyeball
Sensory function: Muscle sense.
7 |Facial nerve (VII) Motor function: Facial expression
mixed nerve secretion of saliva and tears.
Sensory function : Muscle sense
8 [Vestibulo-cochlear Functions of cochlear nerve :
(VIII) nerve- Sensory |Conveys impulses related to hearing
nerve Functions of vestibular nerve:
related to equilibrium
9 |Glossopharyngeal nerve | Motor function -Salivary secretion
(IX) mixed nerve Sensory function: -Taste and regula-
tion of blood pressure.
10|Vagus nerve (X) Motor function - Visceral muscle
mixed nerve movements.
Sensory function -Convey sensa-
tions from muscles supplied.
11{Accessory nerve (XI)  |Motor functions - Control swallow-
mixed primarily ing movements, controls movements
motor nerve of head.
Sensory function - Muscle sense.
12{Hypoglossal (XII) Motor functions -Movement of
mixed primarily tongue during speech and
motor nerve swallowing
Sensory function - Muscle sense.
Cerebellum

the inferior and posterior part of
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the cranial cavity. Cerebrum is posterior to the medulla and
pons and cerebellum lies below the occipital lobes of
cerebrum. Cerebellum is a motor organ.

Functions of cerebellum

Cerebrum

Fig. 37 : Anatomical position of cerebellum

1) Cerebellum co-ordinates subconscious movements of
skeletal muscles.

2) Maintains body equilibrium.

3) Maintains normal muscle tone. Damage to the cerebellum
is characterized by disturbances of gait and severe dizziness,
which indicates loss of co-ordination in skeletal muscle
movements and loss of equilibrium.

Neurotransmitters in the brain

1) Acetylcholine (Ach) - leads to excitation.

2) Serotonin (5 HT) - leads to excitation also involved in
inducing sleep, temperature control and control of mood.
3) Gamma amino butyric acid (GABA) - leads to inhibition
of brain activity.

4) Leads to inhibition of spinal cord.

5) Dopamine (DA) - Related to emotions and subconscious
movements of skeletal muscles.

14SK.1II
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6) Glutaminic acid and aspartic acid- Causes excitation in
brain.

7) Norepinephrine (NE) - Related to moods emotions and
dreaming.

Definitions of Neural Tissue

White Matter -White matter is composed to myelinated
processes of neurons. Due to myelin sheath, color of this
neural matter gets white color.

Gray matter- The gray matter of the nervous system contains
1) Nerve cell bodies. 2) Dendrites or bundles of non-
myelinated axons. 3) Neuroglia nerve - This is a bundle of
fibers, located outside the central nervous system. This may
be axons or dendrites.

Nucleus (Nudlei) -Nucleus is a mass of nerve cell bodies and
dendrites in the central nervous system.

Gray matter is formed of nerve cell bodies

Physiological aspect of spinal cord: The spinal cord is located
in vertebral column.

Length of the adult spinal cord: 42-45cm.

Circumference of the spinal cord: 2.54 inches.
Coverings of spinal cord: Spinal cord is protected by cover-

ings, these coverings are also called as meninges.

1) Outer spinal covering is dura mater.
2) The middle covering is arachnoid mater and
3) Inner covering is pia mater.

Epidural space - This is the space between dura mater and
the wall of vertebral column space is called as epidura space.
The epidural space inferior to the second lumbar vertebra is
the site for giving anesthetic block for child birth.
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Subarachnoid space - The space between arachnoid and pia
mater is called as subarachnoid space. Cerebrospinal fluid
circulates in this space. For giving spinal anesthesia, lumber
puncture is done between third and fourth lumber vertebra,
& anesthesia is given in subarachnoid space. The spinal cord
is segmented. There are 31 segments of spinal cord. Each
spinal segment gives rise to pairs of spinal nerves.

Study of cross section of spinal cord: Spinal cord consist of

gray and white matter

Dorsal column

Dorsal horn —;

.
f

Dorsal column

Ventral hom

=

Ventral column  Ventral median fissure

Fig. 37 : Transverse section of spinal cord

Gray matter of spinal cord

1) Gray matter of spinal cord occupies inner part of the
spinal cord.

2) Shape of gray matter of spinal cord has a shape of English
alphabet H.

3) Gray mater consists of nerve cell bodies of spinal cord.

4) The cross bar of the H is formed by the gray commeasure.
5) Central canal is a small space in the center of the gray
commeasure. Central canal is continuous with the fourth
ventricle of the medulla. Central canal contains cerebro
spinal fluid. The upright portions of the Gray matter (H) are
divided into -



212 Sharir Kriya Vijnan

1) Anterior (ventral) gray horns.

2) Posterior (dorsal) gray horns.

3) The region between anterior and posterior gray horns are
called as lateral gray horns. Lateral gray horns are present in
thoracic, upper lumbar and sacral segments of cord.

White matter of the spinal cord

White matter of spinal cord occupies outer portion of the
cord. The white matter is formed of sensory and motor tracts
of the spinal cord. White matter is divided into:

1) Anterior (ventral) white columns.
2) Posterior (dorsal) white columns.
3) Lateral white columns.

White columns consist of ascending and descending tracts.

Ascending tracts: These tracts consist of sensory axons.
Ascending tracts of the spinal cord conduct sensory impulses
upward towards brain.

Descending tracts: These tracts consist of motor axons. They
‘run downward from the brain to periphery.

Functions of spinal cord

1) Spinal cord conveys sensory nerve impulses from peri-
phery to brain.

2) Spinal cord conveys motor impulses from brain to peri-
phery.

3) Spinal cord function as a reflex center.

4) The 31 pairs of spinal nerves arise from spinal segments.
5) The ventral rami of spinal nerves (except T2, T11) form
nerve plexuses e.g. cervical plexus, lumbar plexus and sacral
plexus.

6) All spinal nerves (except Cl) innervate specific skin
segments called as dermatomes.

Functions of dermatomes: Knowledge of dermatomes help
physician to diagnose affected segment of spinal cord.
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Ascending tracts of spinal cord

Ascending spinal tracts convey sensory impulses from
periphery to the brain. '

P 3 | Fasciculus gracilis
Dorsal root osterior column pathway )
Fasciculus cuneatus

Posterior spino-
cerebellar tract

Dorsal root
ganglion

Lateral spinothalamic tract

Anterior spinothalamic tract
Spinothalamic pathway

Fig. 39 : Ascending sensory tracts in the spinal cord

Names of ascending tracts:

1) Anterior spinothalamic tract.
2) Lateral spinothalamic tract.

3) Posterior spinothalamic tracts.
i) Fasciculus gracilis.
i1) Fasciculus cuneatus.

4) Posterior spinocerebellar tract.
5) Anterior spinocerebellar tract.

Name of the tract indicates -

1) Location of the tract in the spinal cord
2) Origin of the tract
3) Termination of the tract.

For example - Anterior spinothalamic tract is located in
anterior white column of spinal cord & this tract terminates
in thalamus, hence called as anterior spinothalamic tract.

Lateral spinothalamic tract is located in lateral white column
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of the spinal cord & it terminates in Thalamus. Posterior
spinothalamic tract is located in posterior white column
terminates in medulla oblongata.

Sensory impulses from thalamus or medulla are conveyed to
cerebral cortex.

Anterior and posterior spinocerebellar tracts are located in
the lateral white column of spinal cord. Spinocerebellar
tracts are terminated in cerebellum.

Punctions of spinocerebellar tract

To convey nerve impulses regarding muscle and joint,
movements to cerebellum and to maintain body posture and
muscle tone.

Descending (Motor) tracts

Descending or motor tracts convey motor impulses from
brain to the periphery.

Types of descending tracts

Descending tracts
|

Pyramidal tracts Extra pyramidal tracts
(arise from cerebral cortex) (arise from mid bran

medulla or pones.)
Dorsal root

Lateral corticospinal tract

Dorsal root

Anterior . )
corticospinal Vestibulospinal

tract Tectospinal tract  Reticulospinal  tract
tract

Fig. 40 : Descending motor tracts in the spinal cord
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Names of descending pyramidal tracts
1) Lateral corticospinal tract
2) Anterior (ventral) corticospinal tract

- Names of Extra pyramidal tracts
1) Rubrospinal tract

2) Tectospinal tract

3) Vestibulospinal tract

4) Lateral reticulospinal tract
5) Anterior reticulospinal tract.

Rubrospinal and Tectospinal extra pyramidal

tracts have origin in mid brain

1) Vestibulospinal and lateral retlculospmal tract have origin
in Medulla oblongata :

2) Anterior reticulospinal tract arise . from Pons.

3) Lateral corticospinal crosses in medulla.

4) Anterior corticospinal crosses to spinal cord.

5) Rubrospinal crosses to opposite side of spinal cord.

6) Tectospinal crosses to opposite side of spinal cord.

Crossed pyramidal and extra pyramidal tracts control
opposite side of the body remaining uncrossed pyramidal
tracts controls same side of the body.

Functions of descending tracts

1) Controls skeletal muscles of opposite side of the body.
2) Co-ordinate discrete movements.

3) Co-ordinate movements of axial skeleton.

Functions of Extra pyramidal tracts

1) Rubrospinal tract controls flexor muscle tone.

2) Tectospinal tract controls movements of head in response
to visual and auditory stimuli.

3) Vestibulospinal tract maintains equilibrium.

4) Extra pyramidal tracts control complex movements of
body e.g. movements of hand and legs while walking.
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Reflex center
Spinal cord serves as a center for reflex action.
Definition of reflex

Reflexes are fast responses to certain stimuli (changes) in the
internal or external environment.

Types ofi reflexes

l |

Somatic Autonomic (Visceral)
Related to skeletal Related to heart rate, respiration,
muscle contraction defecation, digestion vomiting etc.

Division Somatic reflexes

Superficial reflexes Deep reflexes

Components of reflex arc are
1) Sensory receptor 2) Sensory neuron 3) Reflex center
4) Motor neuron 5) Effector

Fig. 41 (a) : Reflex arc

Receptor receives the stimulus & conveys to the reflex center
by sensory nerve. In the reflex center, incoming sensory
impulse generates an outgoing motor impulse. In the center,
the impulse may be inhibited, transmitted or rerouted.
Motor neuron transmits the impulse generated by the
sensory or association neuron to the effector organ. Effector
is the organ of the body that responds to the motor nerve



Nadr Sansthana 217

impulse. Reflexes that result in the contraction of skeletal
muscles are called as somatic reflexes. Reflexes carried out
only by spinal cord are called as spinal reflexes.

Definition of sensation
State of awareness of external or internal condirtions is called
as sensation.

Factors responsible for awareness of sensation are as follows:
i) Stimulation, ii) conversion of stimulus to impulse, iii)
conduction of impulse & iv) translation of impulse in the
brain are the four factors which are required for awareness of
sensation. Nerve impulse is conducted along the ascending
tract via spinal cord to cerebrum.

Types and Location of receptors
* Exteroceptors are present on the surface of the body.

* Visceroceptors are located in the blood vessels & viscera.
* Proprioceptors are present on the muscles, tendons, joints
internal ear.

Type of proprioceptors

Proprioceptors provides information about body position
and movement.

Types:

1) Muscle spindles - present in skeletal muscles
2) Tendon organs - present at tendomuscular junctions
3) Joint kinesthetic receptors - present around joints

Functions of Receptors

Name of receptors Function

Exteroceptor Transmits sensations of hearing taste,
touch, pressure, temperature etc.

Viseroceptors Transmits sensations of pain, pressure,
hunger, thirst, fatigue, etc.

Proprioceptors Transmits sensation regarding body
position, movement, equilibrium.
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Receptors are further labeled on the basis of type of sensation
they received.

Name of receptor Stimulus detected

Thermoreceptors Temperature

Nociceptors Detect pain

Photoreceptors Detect light on retina

Chemoreceptors Detect taste, smell, oxygen of carbon
dioxide level in blood.

Physiology of Sensory Pathways

Sensory pathways conveys information of sensations from
receptors on one side of the body to the opposite side of the
spinal cord or medulla & then to primary somesthetic area of
the cerebral cortex. Sensory pathways are also called as
ascending tracts which ascend from receptors up to the
brain.

There are two general sensory pathways which conduct
sensations from receptors to brain via spinal cord. They are
.as listed below:

1) Posterior column pathway &

2) Spinothalamic pathway

Functions of Posterior Column Pathway

Posterior column pathway conducts impulses related to
proprioception (awareness of position of body & direction
of movement), discriminative touch (the ability to recognize
the exact location of stimulation) & vibrations.

Functions of Spinothalamic Pathway

1) Lateral spinothalamic pathway conducts impulses for
pain & temperature.

2) Anterior column pathway conducts impulses for light
touch & pressure. There are three neurons in the sensory
pathways:
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i) The first order neuron of posterior column pathway
connects receptors with the spinal cord.

if) The second order neuron extends from posterior root
ganglion of spinal cord which passes from medulla upward
to thalamus. The cell body of the second order neuron is
located in the nuclei cuneatus or gracilis of the medulla.
Before passing to thalamus axons of the second order neuron
crosses to opposite side & terminate in thalamus.

iif) From thalamus axons of third order neuron begins which
terminate in the primary somesthetic area of parietal cortex
of cerebrum. In this way posterior column pathway ascends
from spinal cord, medulla, and thalamus & terminate in the
cerebral cortex.

Axons of second order neuron of posterior column pathway
which has cell body in the nuclei cuneatus is called as
'fasciculus gracilis’, while which has cell body in the nuclei
gracilis is called as 'fasciculus cuneatus'’.

Spinothalamic pathways (lateral & anterior) also have three
neurons. Spinothalamic pathway conducts impulses from
receptors to cerebral cortex. Lateral spinothalamic tract
conducts impulses for pain & temperature from nociceptors
& from thermoreceptors to spinal cord. In the spinal cord
second order neuron crosses opposite side of spinal cord.
Here the axons conducting impulses of pain & temperarnire
are arranged laterally therefore called as lateral column
pathway. Axons of second order neuron pass from brain stem
to thalamus. Thalamus is the site of conscious recognition of
pain & temperature. Then from thalamus third order
neuron terminate in cerebral cortex.

3rd order neuron starts from thalamus & terminate in
cerebral cortex.

Anterior spinothalamic tract, Lateral spinothalamic tract,
Posterior spinothalamic tract are the ascending tracts.
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(General sensory area)

Pariental lobe

3rd order neuron

Receptor

1st order
neuron

Fig. 40 (b) : Neuron levels in the sensory system

1) Afferent or sensory nerve fibers conduct various types of
sensations (for e.g. pain, temp, pressure etc.) from body.

2) For the sensations to conduct, stimulus is picked up by
receptors.

3) Receptor convert stimulus to nerve impulse.

4) Sensory nerve fibers conduct nerve impulse to spinal cord.
5) In the spinal cord sensory nerve fibers carrying same type
of sensations come together to form ascending tracts.

6) Ascending tracts travels in the upward direction from
spinal cord to thalamus.

7) From thalamus nerve impulse is transmitted to cerebral
cortex.

Physiology of Motor Pathway

Descending tracts conduct motor impulses from cerebrum
to the different parts of the body.

Pyramidal tracts (those arising from cerebral cortex) are :
1) Lateral corticospinal tract
2) Anterior corticospinal tract
3) Corticobulbar tract.
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Extra pyramidal wract

1) Rubrospinal 2) Tectospinal tract
3) Vestibulospinal 4) Lateral reticulospinal
4) Anterior reticulospinal

(Functions of pyramidal & extra pyramidal tracts are
enumerated under the functions of spinal cord).

Motor pathways consist of two neurons - 1) Upper motor
neuron & 2) Lower motor neuron. Axons of upper motor
neuron extend from motor cortex of cerebrum & spinal
cord. Lower motor neuron extends from the spinal cord to
muscle fibers.

Motor cortex

Mid line

Upper moter neuron

Decussation in
medulia

’

/
e

Laterai corticospinal tract

Anterior corticospinal tract:

Spinal cord N

To skeletal muscles

Lateral white column

. Lower motor neuron
Anterior white column

Fig. 40 (c) : Anterior and lateral corticospinal tract
(pyramidal descending tract)
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The lateral corticospinal tract begins in the motor cortex &
descends through internal capsule & midbrain & then to
same side of pons. About 85 % of the axons of upper motor
neuron cross in medulla. After crossing these axons descends
through lateral white column of spinal cord. Therefore right
side of motor cortex control muscles of left side and vice
versa. Axons of upper motor neuron synapses with anterior
horn cells of lower motor neuron & axons of lower motor
neuron leave the spinal cord through ventral root of spinal
nerves at all levels of spinal cord. The lower motor neuron
terminates in skeletal muscles.

The axons of upper motor neuron of anterior corticospinal
tract descend from cortex, but don’t cross in medulla but
cross in the spinal cord. Therefore anterior corticospinal
tract is an uncrossed pyramidal (motor) tract.

Axons of corticobulbar tracts extend from cerebral cortex &
terminate in the nuclei of cranial nerves.

Frontal lobe

1st order neuron
(upper motor neuron)

Descending tract
1st order neuron (upper motor neuron) :

From brain to spinal cord

2st order neuron (lower motor neuron) :
From spinal cord to muscle

Spinal cord
2nd order neuron

(lower motor

Fig. 40 (d) : Neuron levels in the motor system
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Clinical importance of upper motor neuron
& lower motor neuron

Damage of lower motor neuron results in flaccid paralysis
while that of upper motor neuron results in spastic paralysis.

Physiology of Autonomic Nervous System

The part of the nervous system that regulates the activities of

Sympathetic Eye
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Fig. 42 (a) : Organization of Autonomic nervous system
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smooth muscles, cardiac muscles & gland is called as
Autonomic nervous system (A.N.S.)

1) Sympathetic nervous system
2) Parasympathetic nervous system are the divisions of ANS.

Sympathetic nervous system is also called as thoracolumber
system because axons of neurons of sympathetic system have
their cell bodies located in the lateral gray horns of the 12
thoracic segments & first 2 or 3 lumber segments of the
spinal cord, therefore sympathetic outflow is called as
Thoraco-lumber out flow.

Parasympathetic outflow is derived from the nuclei of
cranial nerves I1I, VII, IX & X in the brain stem & in the
lateral horn cells of sacral segments of spinal cord hence
called as Craniosacral outflow.

In the autonomic ganglia synapses between preganglionic &
postganglionic fibers take place. There are two types of
sympathetic ganglia. Sympathetic ganglia are:

1) Para-vertebral ganglia &

2) Pre-vertebral ganglia

U]
Spinal cord

Preganglionic
neuron
(Myelinated)

Fig. 42 (b) : Autonomic nervous system

They are present on either side of the vertebral column in the
form of chain. These ganglia are aggregated nerve cells. -
There are 3 cervical ganglia, 11-12 thoracic ganglia, 4-5
lumber ganglia & 4-5 sacral ganglia.
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Pre-vertebral ganglia

These ganglia are present near large abdominal arteries. They
are:

1) Superior mesenteric ganglion

2) Inferior mesenteric ganglion &

3) Celiac ganglion

Preganglionic nerve fibers of sympathetic system extends
from lateral horn cells of thoracic or lumber segments of
spinal cord up to pre-vertabral ganglia or para-vertebral
ganglia. Postganglionic nerve fibers extend from ganglia &
terminate in the organ or gland.

Parasympathetic Nervous system

Parasympathetic nervous system is also called as craniosacral
nervous system.

Origin

Cranial parasympathetic outflow - This emerges from brain
stem and passes along with four cranial nerves.

Parasympathetic fibers emerging from brainstem pass along
with following cranial nerves:

1) Oculomotor nerve (III)

2) Facial nerve (VII)

3) Glossopharyngeal nerve (IX)

4) Vagus nerve (X)

Parasympathetic ganglia

Parasympathetic ganglia are also called as terminal ganglia.
These ganglia are as follows:

1) Ciliary ganglia - It is lateral to each optic nerve.

2) Pterygopalatine ganglia - It is lateral to sphenopalatine
foramen.

3) Submandibular ganglia - It is near duct of submandibular
salivary gland.

4) Otic ganglia - It is inferior to each foramen ovale.

15S.K.1I
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Parasympathetic receptors
1) Muscarinic receptors
2) Nicotinic receptors

Sharir Kriya Vijnan

Difference between sympathetic and
parasympathetic nervous system

Sympathetic nervous system

| Parasympathetic nervous system

1) Thoraco-lumber outflow.

1) Cranio-sacral outflow. "

2) Preganglionic fibers are
longer

2) Preganglionic fibers are
short.

3) Ganglia are present on
either side of vertebral
column.

3) Ganglia are present.

4) Preganglionic fibers are
cholinergic, post ganglionic
fibers are adrenergic.

4) All pre and post ganglionic

are cholinergic.

5) Action is widespread

5) Action or responses are
restricted.

6) Concerned with energy
expenditure

6) Concerned with energy
restoration,

7) Heart rate & BP is increased

7) Heart rate & BP is

decreased

8) Peristaltic movements are
reduced.

8) Peristalsts increases.

9) Inhibits secretion of
digestive enzymes and
insulin.

9) Promotes secretion of di-
- gestive enzymes and
insulin.

10) Increases blood sugar level.

10) Decreases blood sugar level,

11) Physiological responses
are called fight or fright.

responscs.

11) Conserve and restores body]
energy.

Autonomic Neurotransmitters

Autonomic nerve fibers release neurotransmitter at synapses

and near organs.
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Autonomic neurotransmitters

1
I |

Acetylcholine (ACH) Noradrenalin (NA)

On the basis of the type of neurotransmitter released at the
synapses, autonomic nerve fibers are divided into:

1) Cholinergic nerve fibers release ACH &
2) Adrenergic nerve fibers release NA.

Cholinergic nerve fiber

1) All sympathetic and parasympathetic preganglionic nerve
fibers are cholinergic.

2) All parasympathetic preganglionic nerve fibers are cholin-
ergic fibers as they release ACH.

Adrenergic nerve fibers

Most of the sympathetic post-ganglionic fibers release NA;
hence they are called as adrenergic nerve fibers.

Autonomic_receptor

Neurotransmitter interacts with receptors which are present
on the surface of the organs.

Sympathetic receprors -

1) Alpha receptors - excitatory in action.

2) Beta receptors - inhibitory in action exception is receptors
on heart muscles which stimulate heart rate.

ANS is an energy conserver while PNS is an energy savour
system. ANS increases heart rate, B.P, respiration, while PNS
reduces heart rate, B.P and promotes digestion by
* stimulating digestive enzymes.
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Chart showing action of Autonomic
Nervous System on various organs

Organ Sympathetic | Effect of sympathetic | Effect of para-
receptor stimulation sympathetic
stimulation
Heart Beta Heart rate increases  |Coronary arter-
ies dilatation.
Heart rate decreases, |Constriction of
coronary arter-
ies.
Bronchioles|Beta Dilatation Constriction
Stomach & |Beta Decreases motility  |and tone
intestines
Alpha Increases motility and tone
Gastric Inhibits secretions.  |Increases’
glands secretions.
Pancreas  |Beta Inhibits secretion of
enzymes and insulin.
Alpha Promotes secretion of
enzymes and insulin.
Lacrymal Stimulates
glands - - secretion.
Eye Alpha Dilatation of pupil |-
Fat cell Alpha Lypolysis -
Kidney Beta Urine volume No effect
decreases
Bladder Beta Relaxation of Contraction of
Alpha muscular wall. muscular wall.

YOGA

aﬂmﬁtméamﬁqwmwmﬂmﬁmww

aifg’ |

(Cha.Sha. 6/4)
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rga_mt |
Etymology
Word Yoga is derived from the verb reot ‘yuj’.

Yoga means union.

Yoga is union of self with God or Supreme Being. The aim of
Yoga is mainly to achieve the liberation. Yoga teaches us how
to control mind and senses from the various attractions.

A femgf: R ) (Yogadarshan 1/2)

But Yogic science does not neglect the importance of
maintaining health because-

‘Fred A I | (Geera 2/48)
Ayurveda is a science of life and longevity.
Yoga is the science of linking the individual self with the
universal self.
Both Yoga and Ayurveda aims at developing balance at
physical, mental, emotional and spiritual levels of human
being.
According to Ayurveda body and mind are interconnected.

‘G IRR T T ﬁlzmﬁﬁ [ (Cha.Su. 1/46)

‘TR TEHy 9 A @ o

a9 gEE | (Cha.Su. 1/55)
Sattva (mind), atma (soul) and sharir (body) are tripod of
life. Sattva (mind) and body are equally affected by disorders
(vyadhi).
With the help of yogic science control over mind, senses and
body can be developed. Hyper indulgence and wrong indul-
gence of subjects by respective senses is the basic cause of
disease.

‘FrerdRAT A AftrenfonE: |

Ty ol AMEFHOM 1! (Ash.Hru.Su. 1/19)
With the help of yoga, control over mind - senses - and body
can be achieved and wrong indulgence of objects can be
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prevented. Patanjali is the author of Patanjali Sutra which is
basic text on Yoga.

Ashtanga Yoga of Patanjali
There are eight aspects of Yoga described by Patanjali. Yoga
practitioner should follow these eight aspects of Yoga:

Ashtanga Yoga are:
‘T AT T T seEd i T (Yogasutra 2/31)

1) Yama - Yama means social code of conduct which must be
followed by Yoga practitioner.

Non-violence, truthfulness, non-stealing, control of sexual
energy, forgiveness, fortitude, mercy and purity are the rules
called as Yama.

‘Tt HAlY qu e Sawforerft Freen’ 1 (Yogsutra 2/32)

2) Niyama - Niyama means rules of self discipline.
Contentment, faith, charity, control of mind, chanting of
mantras, devotion to god and observation of vows.

‘Teerrg@ura . | (Yoga.Su. 2/46)

3) Asana - Asana means different postures. Eighty four
postures have been described in Ashtanga Yoga. Practice of
asanas makes body and mind stable and flexible.
4) Pranayama - This is the 4th aspect of yoga. Pranayama
means control over respiration, prana and mind.
‘wfawaraan forasTERgatEamT TR |
(Yoga.Su. 2/54)
5) Pratyahara- Pratyahara means to take away. Pratyaharais a
method for withdrawal of the mind from the sense organs.
IGE RGN St
6) Dhyana - Meditation and concentration of mind is the
state of Dhyana.

‘T ey fame g’ | (Yoga.Sutra 3/1)
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7) Dharana - Dharana means focusing the mind for
concentration.

Tear Ty 3 iy’ | (Yoga.Su. 3/3)

8) Samadhi - Samadhi is the last stage of Yoga which is very
difficult to achieve. It is a prolonged stage of Dhyana and in
this one gets true, eternal happiness. Mind become unaware
of body and surrounding in stage of samadhi.

The person, who wants to achieve eternal happiness through
Samadhi, should learn to follow these eight aspects of Yoga.

Concept of Yogic Nadis :

Science of Yoga has described various minute and gross
channels or nadis. According to Yoga, nadis are very fine
structures and are spread all over the body. These nadis are
compared to the rays of sun. As sun rays spreads from the
Sun in all directions in the same way these nadis are spread in

the body.

According to Yogashikhopanishada synonym of Sushumna
is brahmanadi:

According to science of yoga, there are 720000 nadis in the
body. Some Yoga text books have mentioned that there are
3,50,000 nadis in the body. These nadis are often compared

O nerves.

According to Ayurveda the human body is composed of
body, mind, senses and soul.

The three main nadis are spread around vertebral column
and the other nadis are all over the body. The main three
nadis are- 1) Ida, 2) Pingala and 3) Sushumna.

Sushumna
‘Fere fear TE gen gufafear |
(Trishikhabrahminopanishad 68-70)

Sushumna is the central nadi which arise from the base of
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sacrum (muladhara) and goes in upward direction up to the

Brahmarandhra of head.

From Sushumna thread like fibers originates, these tracts
(nadis) are like a power house.

“HNEERRETEd gy ga | ol afeq Sifewm gure-
e W’ | (Mandal Brahmanopnishad)
Kundalini dwells at the base of Sushumna. When Kundalini
ascends to Sahasradhara chakra, one gets control over mind
and reaches a stage of spiritual bliss. Sushumna is compared
with paramashakti - super power - ascends and descends
along the path of Sushumna.

Concept of Ida and Pingala Nadi
Ida and Pingala are present on either side of Sushumna. Ida
controls left side of the body, while Pingala controls right

side of the body.

Characteristic features of Ida and Pingala
‘gerEl q R =@ e u et |
" ger g fgar 9y firen afgon fegar 1)
(Shivaswarodaya, Yogachudamani. 12)

Ida nadi is dominated by moon. When Ida nadi is active it
produces coolness in the body, the effect of Ida on the body is
very calming. Ida controls left side of the body and it is
whitish in color.

Pingala nadi has opposite action than that of Ida. It controls
right side of the body and it is dominated by sun. Pingala
nadi produces heat in the body and it is reddish in color.

Ida, Pingala and Sushumna are related to respiration.
‘gefirer S w9 sfe: |
e yvTEfE: Smggifaeaan’ 1 (Yogchudamani 21/1/2)

According to science of Yoga during the process of
respiration air enters through the nostrils but sometimes
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breathing is done only by left nostril or sometimes only by
right nostril. When left nostril is working Ida is active, and
when breathing is prominent through right nostril Pingala is
active.

Sushumna balances both Ida & Pingala. The regular Yoga
practitioner, who has conquered all eight aspects of yoga, is
such person in whom the movement of prana is under
control of only Sushumna.

‘A gEEE WO IuNAine g AT g sEfa |
(Upanishad, Brahmayogitika)

Clinical application of Ida & Pingala Nadis:
Types of pranayama
I

.
Suryabhedana Chandrabhedana

pranayama pranayama

Suryabhedana pranayama: In this type of pranayama, person
has to breathe in & out with right nostril, while left nostril is
closed.

Chandrabhedana pranayama: In this type of pranayama,
person breaths in & breaths out with left nostril, while right
nostril is closed.

Effects of Suryabhedana pranayama

1) Suryabhedana pranayama produces heat in the body
because Pingala nadi gets active.

2) It can reduce symptoms of increased kapha dosh.

3) It stimulates action of Pitta.

4) Suryabhedana pranayama is useful in the disorders like - i)
shwasa (asthma), ii) cough (kasa), iii) sinusitis, iv) common
cold and v) arthritis.

Effects of Chandrabhedana pranayama

1) Chandrabhedana pranayama produces coolness in the

body.
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2) This type of pranayama is useful to cure Pitta diseases e.g.
i) daha (burning), ii) amlapitta (hyperacidity) and iii) fever

(jwara).

Sushumna is considered as spinal cord. Ida & Pingala are
considered as sympathetic trunks of ganglions, present on
either side of spinal cord.

Sympathetic nervous system accelerates heart rate, blood
sugar level, and blood pressure. Sympathetic nervous system
is active during stress.

Pranayama releases stress and minimizes sympathetic
stimulation by reducing mental & physical stress &
therefore heart rate, blood pressure, blood sugar level can be
brought under control by regular practicing of pranayama.

Shatchakra

In human body, places at which Ida & Pingala nadis meets
together, these places are called Shatchakras. These chakras
are controlling centers in the body. There are total six chakra

& highest chakra - Sahasradhara - is situated in the brain.

1) Muladhara chakra 4) Anahata chakra
2) Swadhisthana chakra 5) Vishuddha chakra
3) Manipura chakra 6) Ajna chakra

The 7th chakra which is situated in the brain, which is the
most potent chakra called as Sahasradhara or Sahasrara

chakra.

Shatchakras are connected to nadis and Prana. While
practicing pranayama; it is advised to concentrate the mind
at various chakras. According to some experts these chakras
are nerve plexuses. :

The following table gives information regarding position of
chakras in the body, and its relationship to particular
mahabhuta, its beeja mantra. These chakras are compared to



Nadi Sansthana 235

Fig 43 : Shat-chakra
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lotus, and every chakra has particular number of petals
which is also given in the table.

Chakra Position Petals | Mantra | Mahabbuta
Muladhara Near rectum | 4 Tram () | Prithvi
Swadhishthana | Near penis 6 Vam (&) |]Jala
Manipur Umbilicus 10 Ram () |Teja
Anahata Heart 12 Yam () |Vayu
Vishuddha Throat 16 Ham (g) | Akasha
Ajna Between 2 Aum (3f)

eyebrows
Sahasradhara | Brain 1000

Recent studies have tried to reveal relationship between shat-
chakras and anatomical organs. Study the following table to
understand relationship between chakras and organs.

Shatchakra Organ

Muladhara Testes/ovary
Swadhishthana Adrenals

Manipur Pancreas

Anahata Thymus gland

Vishuddha Thyroid/ parathyroid gland
Ajna Pituitary gland

Importance of relationship of organs and Shatchakras
Experts believes that while practicing pranayama, if mind is
concentrated at particular chakra, then that may improve
functioning of particular organs mentioned above.

This opinion requires more research of Shatchakras, nadis
and pranayama. Yoga and Ayurveda are interdependent
sciences, hence Ayurvedic students must try to learn and
establish this relationship. For more detailed information
you should read other books of Yoga e.g. Gherenda Samhita
or Shiva Sambhita etc.

o



Chapter 15
Mana-Atma-Nidra & Swapna

MANAS (MIND)

Mind is the topic of interest for all medical sciences. We can
get elaborative description about the concept of mind in
classic Ayurvedic literatures like Charaka Sambhita, Sushruta
Sambhita. Understanding the concept of mind is important
because, balanced state of mind contributes health.

IRRF=FgarEEa it e |

fremgerag wigesd’ | (Cha.Su. 1/42)
Modern science has started to emphasize on the concept of
mind and psychosomatic disorders in last century. However
Ayurveda has realized importance of concept of mind in
maintaining health of individual since thousands of years.

Mind, soul and body are the tripod on which life depends.

‘FeaATH IR T TgRafeereaT | (Cha.Su. 1/46)
Five mahabhutas, mind, time and directions (dik) are the
dravyasangraha.

WA 9 el feag gemwme:’ | (Cha.Su. 1/48)
Both body and mind are the sites pleasure and disorders.
‘IR Ty 9 A w9 o A
T gEHl A gEH RO wR (Cha.Su. 1/55)

Importance of Mind
Mind is the seat of health (sukha) and disease (duhkha).

Synonyms of Mind

Mana, sattva, chetas, atindriya are the synonyms of mind.

‘STt g SeawEs O TR | (Cha.Su. 8/4)



238 Sharir Kriya Vijnan

Mind is called as atindriya because it transcends the sense
objects.

Site of Mind
‘o T wuIgatE=d 9 #fE 9T 1 (Cha.Su. 30/5)
Heart and brain is the site of mind.
T QA AR hae SaEes iy 9 |
(Cha.Vi. 5/6)

As Vata, Pitta, Kapha occupies whole body, mind also
occupies the entire body.

‘Reearegao™ a5y ® 797 | ~ (Bhel samhita)
According to Bhela Sambhita head is the seat of mind.

With the help of these references light can be thrown on the
connection between body and mind.

Sukha and duhkha are the qualities of atma.
Mind is the mediator of soul and sense organs.

Mind is always conjugated with soul. But we think that its
mind which experiences feeling of happiness or pain.
Psychological disturbances like anger, rage can affect heart
rate, and pulse rate. State of fear can lead to vasodilatation
and sweating. These examples show interconnection
between body and mind.

When mind is in the state of pleasure or when mind is in the
state of health then this energetic state of mind reflects
positively on the physiology of body. Stress, depression,
anger, fear may lead to many disorders like insomnia,
anorexia etc. and they affect the body by producing diseases
like gastric ulcer, arthritis etc. Therefore these disorders are
called as psychosomatic disorders.
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Characteristic of Mind
"SIt WA e e e 7 |
ofe greRfsamafai gy 7 &’ 11 (Cha.Sha. 1/18-19)

When mind looses contact with sense organs then one can
not perceive knowledge. When mind establishes the contact
with sense organs, it can convey knowledge to soul. Mind is
called as ubhayatmak as it is a mediator between sense organs
and motor organs.
‘IIETH 7 |

Mind is a stable nitya dravya and is always connected with
soul when it is in balanced state.

Qualities of Mind
‘SUEAY A it 799 @E | (Cha.Sha. 1/19)

Subtleness and oneness are the qualities of mind. Due to
subtleness mind can move in the body very fast. Due to
subtleness it conjugates with different sense organs to
perceive knowledge rapidly.

Mind conjugates with sense organs so rapidly that
visualization, hearing and perceiving .the smell all these
processes seems to occur at one time.

‘ary: i Fhah: WY JTEE: |
Y RS @I W @ T (Cha.Su. 1/57)
T IR AR EHaYREr, §& gfae” |
(Chakrapani on Cha.Su. 1/57)
Rajas (action) and tamas (inertia) are the doshas of mind
while sattva (intelligence) is the quality of mind.
Relationship between Sharira and Manas doshas:
‘FEtanafa T4 W T/OT: |
I i Fwafs @ Qo T )
T UE:, fod Senrona, F%: qEe: |

(Sharangdhar, Purvakhanda 5)
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Sattva guna is predominantly related to Pitta dosha
(although it has also relationship with vara and kapha), while
rajo guna is related to vata dosha and tamo guna is related to

kapha dosha.

Balance state of mind depends on sattva, rajas and tamas.
Sattva guna stimulates mind towards the objects to acquire
knowledge. Rajas motivates the mind towards objects.
Tamas produces inertia in mind and gives necessary rest to
the mind.

Due to excess of rajas quality, mind can become unstable and
cannot concentrate on the objects. This lack of
concentration of mind is called Amanaskatva.

ot faamdgl @ 249 dacwma 9|

Iq fhfarat 39 acud grfdgs 11 (Cha.Sha. 1/20)
Chintya, vicharya, uhya, dhyeya and sanklapa are the
subjects of mind.

Subjects of Mind
Chintya - To think about the knowledge perceived

" Vicharya - To establish logical sequence of the
knowledge perceived by the sense organs.
Uhya - Analyzing capacity of mind
Dhyeya . - Concentration on specific object
Sankalpa - Determination.

Proper thinking, analyzing the knowledge and concentration
depends on the balanced state of sattva, rajas and tamas.

Functions of Mind

‘sfzafime: & 9 @= e |

Fe fouRy, oo ® EC:t Yadd’ 1 (Cha.Sha. 1/19)
Indriyabhigraha - Control over sense organs
Swanigraha - Self control
Uhya - Analysis

Vicharya - To think logically.
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These are the functions of mind.

The sense organs can perceive their objects only when they
are supported by mind. Chain of soul, mind and sense
organs is essential for perception of knowledge and healthy
mind has proper control over sense organs. When mind is
balanced, sense organs don’t get inclined towards improper
harmful objects.

The right knowledge perceived is called as inputs.

Beneficial inputs are accepted by mind and motor organs
(karmendriyas) are ordered accordingly. Intellect analyzes
these inputs. Beneficial inputs are accepted by the mind and
stored in the form of memory and are recalled at proper time.

Mind becomes very unstable due to rajas quality, but mind
can control itself with the help of sattva guna. This self
controlling capacity of mind is called as 'swanigraha'.

W@meﬁw Ty, sty Tafafqufascn daar
ferpraon-’ ) _ (Cha.Su. 11/43)

Asatmycndriyartha-samyoga means excessive, improper and
perverted indulgence of objects or non-indulgence of objects
and conjunction of sense organs with improper objects. Im-
proper time - parinama and prajnaparadha are the causes of
disorders.

Mind is responsible for proper or improper indulgence of
object.

Relationship of Mind with Vata dosha
There is a strong bonding between mind and Vata dosha.

While stating function of vayu, Charaka says that vata dosha
controls mind. It also stimulates mind towards objects.

‘o=t goiaT 9 749’ | (Cha.Su. 11/)

Relationship between Prana vayu and Mind
. Specially Prana vayu and Udana vayu co-ordinate functions
of mind.

16 S K. II
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Functions of Prana Vayu

‘R FUIH qfgeedzateay®’ | (Ash.Hru.Su. 12/4)

Prana vayu controls functioning of five senses, and controls
the functioning of mind. Prana vayu is also responsible for
co-ordination between dhee, dhriti and smriti.

Prana vayu establishes the chain between sense organs, mind
and soul.

Functions of Udana vayu
‘arIafa I 39 aaau Ffa R’ 1 (Ash.Hru.Su. 12/5)

Knowledge is stored in the form of memory and these inputs
are recalled at proper time. This function of udan vayu is
very much important for maintenance of health. Harmful
inputs are rejected by the mind. But its harmfulncss is stored

in the form of memory, and are recalled at proper time.

Intellectual error is the basic cause of disorders, and memory
is the important aspect of mind as it can avoid prajna-
paradha. Therefore Prana and Udana vayu play important
role in maintaining health.

Sadhak Pitta and Mind
CEtLIRRIEICEREERIERIEE G

B e co R (T (Ash.Hru.Su. 12/13,14)

Heart is the site of Sadhak pitta. Heart is also the site of
mind. Intellectual functions of mind are also supported by
Sadhak pitta. Medha is the important aspect of intelligence.

“SerfEyroer A AET | (Chakrapani on Cha. Vi. 4/8)

Grasping capacity of an individual is called as medha and

this depends on Sadhak pitta.

Psycho-somatic Relationship

- Mind and body are interdependent. Sattva, rajo and tamo
guans of mind are related to Pitta, Vata and Kapha dosha
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respectively. Tridoshas and trigunas can affect each other.
Vriddhi or kshaya of tridoshas will affect trigunas and vice
versa. Therefore health of body and mind must be
maintained with proper food and exercise.

Ashtanga Yoga is helpful to maintain balanced state of mind
and body. Yama and Niyama of Ashtanga yoga is useful for
maintaining peace of mind. Asanas can keep body fit and
flexible and state of health can be achieved with Ashtanga

yoga.
ATMA (SOUL)

Etymology
‘SF-TraTTH’ |
Soul is immortal and eternal.

Synonyms - Atma, sarvaga, paramatma, ateendriya, bee-
jadhatu, antaratma, vashi, bejadharma, indriyatma, anadi,
purusha, vishwakarma, nityapurusha, ishwara, nirvikara are
the synonyms of atma.

‘A= 99 el foug §eE e’ | (Cha.Su. 1/48)

Atma is a Karana dravya. Atma is the supreme power of the
human beings.

From the definition of life (ayu) we can realize importance of
soul.
YRRFEFaEeEEann aif sifaad |
ey vy’ | (Cha.Su. 1/42)
Ayu (life) is a combination of body, sense organs, mind and
soul.
ERR G G| P I E G KB G EEIIC R CRICE RS E RIS
afg’ | (Cha.Sha. 6/4)

Body is with soul and is the seat of all diseases as well as

mahgbhutas.
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‘FeIIeAT YRR 9 TgRaforcusad | (Cha.Su. 1/46)

Mind, soul and body makes a tripod on which the living
body stands.

‘GEAvET! ¥OT Ua: qE: ¥’ | (Cha.Sha. 1/16)
Purusha is made up of panchamahabhuta and soul.

The following facts can be inferred on the basis of various
verses mentioned above. These facts are:

1) Human body is a combination of panchamahabhuta and
soul.

2) Soul is the supreme active principle of the body.

3) Soul is the sign of life.

Substances in the universe are divided on the basis of
existence of soul.

Vs =+ 5=, FRfsaRey | (Cha.Su. 1/48)
Substances (dravya) with soul are called as 'sendriya’ dravya.

Substances without soul are called as 'nirindriya’ dravyas.

“TSIHEITYRIRETaTT: Y&: 3fT; 9wy wHqey: fafwamfiga:”
(Su.Sha. 1/21)
Ayurveda is a clinical science and main object of Ayurveda is
to maintain health and to cure disorders. Treatment of
disorders can be successful only on living human body not
on dead one. Physician is concerned with human body-
which is made up of panchamahabhuta and soul. Therefore
physician must possess knowledge of soul.

Significance of Soul

‘IR & T afer SR |

TSI Yoeed Tagead | (Cha.Sha. 1/44)
Soul is the conscious principle (chaitanya) of body. When
soul leaves the body, body is converted to a lifeless vacant
house. Signs of life are not seen in the dead person.
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Characteristics of soul

eI TETe SR |

a2 RO et ger vt B s (Cha.Su. 1/56)
Soul is devoid of all feelings. Soul perceives knowledge only
when it conjugates with mind and qualities of mahabhuta. It
is an immortal principle.

Taferd 9 @a v afid wdT fag

FEITATHICHST: Q7% QIferoi a9r 1) (Cha.Sha. 1/5)
Soul is inactive,
Soul is independent,
Soul is omnipotent,
Soul is omnipresent
Soul is the knower of the body and

Soul is the witness to all actions.

Atma Lakshanas

The signs of soul in the body are signs of life. These signs are
absent in dead person. The signs of soul are as follows:
‘sromart foritwren Sfed e o )
FisAaEaR: 3ol 9Rel g Fq il
QAT T ToaERY a9 |
TEE SRAUIAROT G 1|
m%mg@g@m@aﬂqﬁ:l
Ffg: SfaegR fagif Tome:’ | (Cha.Sha. 1/70-72)
Respiration (pranapan),
Movements of eyelids (unmesh-nimesha),
Physiological activities of dosha, dhatu, mala (jeevana),
Rapid conjunction of mind with organs (indriyantara
sanchara),
Motivation of sense organs towards objects. (prerana and
dharana),
Experiencing of migration to another place or country in
dreams (deshantara gati),
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Perception of same object by two eyes.

Desire, aversion, happiness, misery, will, consciousness,
control, intelligence, ego, memory are the signs of soul in the
body. These signs are absent in dead person.

“THFONTSTaEan § @ i 1ifE dafq’ 1(Cha.Sha. 4/5)

Garbha is a product of union of shukra (sperm) and artava
(ovum) and soul. Due to existence of soul fetus has feelings
of happiness, misery, aversion etc. Good or bad behavior of
pregnant woman can affect garbha or fetus.

Therefore pregnant woman should follow code of conduct

advised in Ayurveda.

Immediately after birth the very first sign of life is respiration
and at the time of death ceasing of respiration is the sign of
death. In old age desire, aversion gradually goes on
decreasing. In this way sign of soul are applicable from the
embryonic life to birth and from birth to death.

Shodasha kala purusha
T () GEEE TR Tae: mwrmﬁﬁmﬁ&sﬁgﬁq:
. Hahed fammon wfa: fage steeurt favdatsay om:’ |
(S. Sha. 1/17)

Sushruta has described sixteen attributes of soul which are -
called as shodasha kala, which are same as Atma lakshanas
mentioned in Charak samhita.

Soul is inactive, immortal but due to desire it all the time,
conjugates with mind to receive knowledge. Conjugation of
soul and mind is the cause of pain or misery:

Principle of Yoga is to stabilize mind alongwith soul and to
withdraw five sense organs from over indulgence of their

objects. With the practice of Yoga and pranayama one can
~ get control over mind and sense organs and cannot get
affected by various attractions around him. Stabilized mind
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and soul can achieve state of moksha. To achieve liberation is
a hard task, but one can maintains health by following
Ashtanga Yoga. When person achieves liberation, he is not
affected by happiness or misery. Liberation is the final step of
Yoga but to live better life, one should stay away from
attractions and have proper knowledge of soul, mind and
sense organs.

NIDRA (SLEEP)
T ITR FA—ER:, @, FEdffe | (Cha.Su. 11/35)

Food (ahara), sleep (nidra) and celibacy (bramhacharya) are
three pillars of life. Sleep is as important as food, thcreforc we
must know concept of sleep in Ayurveda.

Physiology of Sleep

I g AN FA FACI: FAE: |

fawaeat frad=t oo @fefd a9’ 1 (Cha.Su. 21/35)
1) Physical and mental fatigue is the main cause of sleep
when mind and sense organs gets exhausted, then sense
organs can not conjugate with their objects and this fatigue
of mind and sense organs leads to sleep.

T AT YA Qe |

Fsfie afer faT farmfa A1

frsRaem: o Sy gee’ | (Su.Sha. 34/35)

2) Elevation of tamas quality and fatigue induces sleep.
Heart and brain is the seat of mind. Sattva, rajas and tamas
are qualities of mind. Tamas quality is responsible for sleep
while rajas and sattva guna are responsible for awakening
stage.

Benefits of Sleep
‘Frzrad g@ @ 9 Fed s |
Iuar Fehaal JEHIE Sfifad T 97 1 (Cha.Su. 21/36)

Happiness or misery, nourishment or malnourishment,
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strength or weakness, potency or impotency, life or death
and intellect depend on sleep. Therefore one should take
proper sleep.

FrgrrarEme R e e |

S T FHewara: d5 Jmy A 1)
Insomnia can lead to many disorders like body ache,
heaviness in the head, yawning, weakness and drowsiness
etc.

Sleep is a non suppressible urge. Urge of sleep should not be
avoided and one should sleep at proper time.

Types of sleep
THITET TASECHA T A TS 7 |

NTH SATEATARdA = T E@REnyar 9 g 11
" (Cha.Su. 21/58)

Type of sleep Cause of sleep

1) Tamobhava Excess of Tamas quality

2) Shleshma-samudbhava Excess of Kapha dosha

B) Sharira-manas-shrama-sambhava|Mental and physical fatigue
4) Agantuki Adventitious

5) Vyadhi-anuvartini Sequelae to diseases

6) Ratri-swabhava-prabhava Occurring during night

Effect of sléep occurring in night
‘frEvTEgaT AT 1 df AU et asn |
(Cha.Su. 21/59)
The normally occurring sleep in night is supporting,
nourishing and hence it is called as Bhutadhatri.
T SR wed e (Cha.Su. 21/50)
Sleep is caused due to excess of kapha dosha and tamas.
Sleeping only during night is healthier as it reduces tamas
and heaviness of kapha dosha and produces dryness in the
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body. Proper sleep at night creates lightness in the body and
the person then becomes fresh and starts all the activities
with good strength.

Day sleep (Diva-swap) is contraindicated but only in
grishma ritu (summer season), day sleep is recommended.

Effect of Sleep during day time:

Ty e fear | (Cha.Su. 21/50)
Sleeping during day time removes dryness and creates
oiliness in the body.

Excessive day sleep can produce various disorders in the body
due to aggravation of Kapha e.g. obesity, rhinitis, cough,
cold etc.

SLEEP

Sleep is that state of body in which cerebral activity slows
down. There is reduction in sensory and motor activity
hence reticular activating system (RAS) produces a state

called as Sleep.

Requirement of Sleep
New born baby - 16-20 hours

Children - 12-14 hours
Adults - 7-9 hours
Old age - 5 hours.
Stages ?f Sleep
" |
Non rapid eye movement Rapid eye movement
(NREM) (REM)

Non rapid eye movement sleep (NREM)

This type of sleep pattern consists of four stages.

In 1st stage - Respiration and pulse rate is regular and person
can think during this stage.
2nd Stage- Stage of light sleep.
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3rd stage - Stage of moderately deep sleep. Body tempera-
ture, B.P. decreases and there may be erection of penis.

4th Stage - Deep sleep occurs. It is very relaxed stage. Person
may walk during this stage and there may be bed wetting by
some children.

Rapid eye movement sleeps (REM)

1) Muscle tone is reduced
2) Reparation and pulse rate increases.

3) B.P. fluctuates.
4) Stage of dreaming

There is continues cycle of NREM and REM sleep stages
throughout the night. In small children and infants REM
sleep increases neuronal activity. This is useful for
maturation of brain, as the individual grows REM sleep
decreases.

Neurotransmitters and Sleep

Serotonin which is a neurotransmitter is required to induce
sleep. Decreased level of serotonin produces insomnia i.e.
lack of sleep or disturbed sleep.

DREAMS

TR AT T WY |
TR 74T JETeadi, {1 (Su.Sha. 4/36)

During sleep sense organs can not perceive knowledge.

During sleep body is inactive but mind is still active. Mind in
its state of activeness, with the help of rajas quality and
memory, re-experiences the past events during the sleep.
This re-experience of past events during sleep is called as
dreams.

We can get information about dreams in Indriya-sthana of
Charaka Sambhita. Dreams are related to present, past and
sometimes future events also. '
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Nature of dreams depends on constitution
‘faafa @ T=sfa wamw g@: | (Su.Sha. 4/65)
“rge AEARD T 9 A | (Ash.Hru.Sha. 3/88)
GE: T, FARIAROHR, FYIT 7 garefage: ||
(Su.Sha. 4/70)
G T TR AT, SO 9 S T
(Su.Sha. 4/73)

Constitution | Nature of dreams

(Prakriti)

Vata Dreams about flying in the sky climbing
the tree, tracking.

Pitta Dreams about gold, lightning, tire etc.

Kapha Dreams about lotus, water, lakes, clouds etc.

Type of Dreams
‘T8 gargyd 9 Wi wfead qar
i st 99 @ g &g 11 (Cha.Indriya. 5/43)

Types of dreams are as follows:

1) Drishta swapna - Dreams of visual experiences,

2) Shruta swapna - Dreams of auditory experiences,

3) Anubhuta swapna - Dreams of other experiences,

4) Prarthita swapna - Dreams of strong desire,

5) Kalpita swapna - Dreams of imagination,

6) Bhavika swapna - Dreams of future consequences,

7) Doshaja swapna - Dreams due to aggravation of doshas.

o



Chapter 16

Granthi Samsthana
(Endocrine Glands)

System that deals with ductless glands which secretes
hormones directly in the blood is called as endocrine system.

Exocrine and endocrine are the two types of glands.
Secretions of exocrine glands are conducted by ducts while
secretions of endocrine glands are poured directly in the

blood.

Hormones

Hormones are chemical substances.

Classification of Hormones
1) Amines, 2) Proteins and peptides and 3) Steroids.

1) Amine hormones are modified from the amino acid
tyrosine.

2) Epinephrine and nor-epinephrine are secreted by amine
hormones, which are in the medulla of suprarenal gland.

3) Proteins and Peptide hormones - These hormones consists
of amino acids e.g. oxytocin, insulin are protein hormones
protein peptide, and amine hormones are water soluble.

4) Steroid hormones - These hormones are derived from
cholesterol e.g. aldosterone, cortisol, androgen etc. which are
secreted by cortex of suprarenal gland.

Endocrine glands in the body

1) Pituitary gland (hypophysis)

2) Thyroid gland

3) Pancreas

4) Suprarenal gland (andrenalin gland)
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5) Parathyroid gland
6) Ovaries ’
7) Testes

8) Thymus

9) Pineal body.

Role of hypothalamus in controlling hormonal secretions

1) Hypothalamus secretes chemicals which regulates hormo-
nal secretions.

2) The chemicals secreted by hypothalamus are called as
regulating hormones.

3) Regulatory hormones control the secretions of pituitary
hormones.

4) Some hypothalamic secretions are called releasing
hormones which stimulate the release of the hormone into
the blood.

5) Hypothalamus also secretes inhibiting hormones which
prevent the release of hormone.

Negative feed back mechanism : Hormonal secretions are
controlled by negative feedback mechanism. For example
low blood thyroxin level will stimulate hypothalamus to
release thyroid stimulating hormone (TSH). This hormone
stimulates anterior pituitary gland to secrete TSH. The
increased TSH level in blood will stimulate thyroid gland to
release more thyroxin in the blood.

Pituitary Gland (Hypophysis

Pituitary gland is called as master gland and it is divided into:
Anterior lobe (Adeno hypophysis) and Posterior lobe (Neuro
hypophysis).

Anterior lobe constitutes 75 percent of total weight of the

gland. The posterior lobe is neurally connected to the
hypothalamus.
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Hypo!halamus

Fig. 44 : Pituitary gland

Hormones of Anterior Pituitary gland

1) Human Growth Hormone (HGH)

2) Thyroid Stimulating Hormone (TSH)

3) Adreno Corticotropic Hormone (ACTH)
4) Follicle Stimulating Hormone (FSH)

5) Luteinizing Hormone (LH) .

6) Prolactin (PRL)

7) Melanocyte Stimulating Hormone (MSH)

Hormones of Posterior Pituitary gland
1) Antidiuretic hormone (ADH) or Vasopressin

2) Oxytocin (OT)

Functions of Human Growth Hormone (Somatotropin)

1) Growth hormone acts on skeleton.

2) Growth hormone acts on skeletal muscles.

3) Growth hormone enhances rate of bone growth by
increasing number of osteogenic cells.

4) Growth hormone converts chondrocytes into osteogenic
cells. These results in deposition of new bone (cells of
cartilage are called as chondrocytes).

5) Due to action of growth hormone long bones grow in
length.
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6) Epiphysial cartilage also grows in later period and fuses
with shaft; hence in later life bones cant grow in length.

7) Growth hormone enhances protein synthesis.

8) Growth hormone enhances protein deposition in the
tissue.

9) Growth hormone increases blood sugar level so it is called
as diabetongenic hormone.

10) It increases cholesterol level in blood.

11) Growth hormone makes body to utilize fat instead of
proteins hence body become lean. Factors that increases
growth hormone level are as follows :

1) Protein deficiency
2) Hypoglycemia
3) Exercise
4) Excitement
5) Trauma
- 6) Deep sleep.

Role of hypothalamus in controlling
growth hormone level

Hypothalamus secretes two hormones which control the
secretion of growth hormone:

1) Growth hormone releasing hormone, stimulates secretion
of growth hormone.
2) Growth hormone inhibiting hormone.

Disorders of Growth hormone
Dwarfism

Dwarfism is caused due to deficiency of growth hormone. In
dwarfism body grows proportionally but rate of
development is very slow.

Gigantism

Due to excess secretion growth hormone anterior pituitary
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gland become excessively active and all body tissues
including bones grow rapidly.

1) If this condition occurs before adolescence (approxi-
mately before the age of 12 to 14) then height of person
increases abnormally, person becomes as tall as 6.5 feet.

2) The another symptom of gigantism is diabetes mellitus.

Acromegaly ‘

If secretion of growth hormone increases (due to tumors),
after adolescence, the condition is called as Acromegaly. In
these patients bones of hand and feet become enlarged.
Patients of acromegaly develop hunched back which is called
as kyphosis. Soft tissue organs like tongue, hver and kidneys
become enlarged.

Function of Thyroid stimulating hormone (TSH)

TSH controls the secretion of thyroid hormones of thyroid
gland.

Control of secretion of TSH

Secretion of TSH is controlled by hypothalamus.

Hypothalamus - secretes thyrotropin releasing hormone
(TRH).

Function of Andrenocorticotropic hormone (ACTH)

Controls secretion of hormones of adrenal cortex, mainly
cortisol secretion is controlled.
Control of secretion of ACTH

Hypothalamic hormone corticotropin releasing hormone
(CRH) regulates secretion of ACTH.

Function of Follicle stimulating hormone (FSH)

1) In females FSH controls secretion of ovarian hormones
and ovulation.

2) In males FSH controls spermatogenesis and control of
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FSH by hypothalamic gonadotropin releasing hormone
(GNRH)

Function of Luteinizing Hormone (LH)

1) In female along with FSH, stimulates ovulation and for-
mation of corpus leteum.
2) In male LH stimulates secretion of testosterone.

LH is controlled by GnRH of Hypothalamus

Function of Prolactin (PRL)
Function

1) Promotes milk secretion in breasts.
2) In male it enhances secretion of testosterone.

Prolactin is related to secretion of milk, while oxytocin is
concerned with ejaculation of milk from breast.

The suckling of nipples generates stimulus and these signals
are transmitted to hypothalamus. Hypothalamus causes
release of oxytocin by posterior lobe of pituitary gland
oxytocin acts on myopthelial cells of breast to express milk
out of breast and milk begins to flow this is called as milk
letdown. '

Control of Prolactin - Secretion of prolactin is controlled by
hypothalamic prolactin inhibiting factor (PIF) and prolactin
releasing factor (PRF). In males PIF is dominent.

Malanocyte stimulating hormone (MSH)

Function: It stimulates melanin production in the skin by
melanocytes.

Control - Secretion of MSH is controlled by hypothalamus
releasing and inhibiting factors (MRF & MIF).

Physiology of posterior pituitary gland
Neurohypophysis: Posterior pituitary gland is connected to

the hypothalamus via nerves therefore also it is called as
neurohypophysis.

17 SK. 11
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Hormones of posterior pituitary

1) Vasopressin (Antidiuretic hormone ADH)

2) Oxytocin

Vasopressin and oxytocin are synthesized in hypothalamus
and are transported to posterior pituitary. Prior to secretion
these hormones are stored in hering bodies along the length
of the axons of the posterior pituitary gland.

Functions of vasopressin (ADH)

1) Vasopressin is an antidiuretic hormone.

2) Action of vasopressin is seen on distal tubule and
collecting tubules of kidney.

3) Vasopressin increases water re-absorption from the renal
tubules and reduces urine flow.

4) ADH stimulates sodium reabsorption.

5) Vasopressin (ADH) is a vasoconstrictor.

Disorders of vasopressin (ADH)

Lack of vasopressin leads to a disorder called as diabetes
insipidius.

1) In this disorder urine secreted is very dilute.
2) There is loss of water and dehydration due to loss of water.
3) Patient has to drink lots of water.

Functions of Oxytocin

1) Oxytocin stimulates contraction of pregnant uterus.

2) This hormone is partially responsible for causing baby’s
birth

3) Oxytocin is related to process of lactation.

4) Milk produced in the breast is expressed.

Thyroid Gland

Anatomical position of thyroid gland-
. 1) Located immediately below the larynx on each side of and
anterior end of the trachea.
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Hyoid bone

Larynx
Right lobe wn L
of thyroid Left lobe
of thyroid

Trachea

Fig. 45 : Thyroid gland .

2) One of the largest endocvrine'gl»ahd‘.l 3
3) Weight of the gland =15 to 20 grams in adult.

Hormones secreted by thyroid gland
1) Thyroxin (T4)

2) Tri-iodothyronine (T3)

3) Calcitonin

Colloid material Simple cubical epithefium
|

* | Thyroid
vessicles

* | Nuclei of
+ | follicular cell

5

Parafollicle cells  Basement membrane

Fig._46 : Thyroid gland (Transverse Section)

Follicles of thyroid gland are filled with a secretary substance
called as colloid. This consists of - thyroglobulin. Thyro-
globulin contains hormones of thyroid gland.-
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Iodine is the Essential element required for formation of
thyroxin. Every year 50 milligrams of iodine is required for
the formation of thyroxin.

Special feature of thyroid gland -

Thyroid gland is the only endocrine gland which can store
large amount of thyroxin. Thyroid gland store thyroxin and
supply the hormone to body for 2 to 3 months. Therefore
deficiency of thyroxin hormone is observed after many
months.

Physiological functions of Thyroid hormones

(Thyroxin, Tri-iodothyronine)

1) Thyroxin enhances growth and development of the brain
during intrauterine life and in early childhood.

2) Thyroxin stimulates glycolysis (breakdown of glycogen to
glucose).

3) Thyroxin enhances gluconeogenesis. (conversion of
amino acids and fatty acids to glucose to yield energy).

4) Thyroxin specially has effect on fat breakdown.

5) Due to thyroxin due to rapid breakdown of fat, fatty acid
levels in plasma increases. '

6) Decreased thyroid hormone secretion increases blood
cholesterol.

7) Body weight decreases.

8) Thyroxin increases action of digestive enzymes, enhances
appetite.

9) Thyroxin hormone increases cardiac output blood
pressure, pulse rate also increases.

10) Respiratory rate increases.

11) Gastro-intestinal motility increases.

12) Central nervous system become over active due to action
of thyroxin. Therefore in hyperthyroidism patient gets
anxiety; patient may become irritable due to stress and
worry.
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13) Excess thyroxin makes muscles weak due to excess
protein breakdown.

14) In hyperthyroidism patient has difficulty to sleep due to
tiredness. Deep sleep is a characreristic of hypothyroidism.
15) In women thyroxin deficiency causes menorrhagia and
excess thyroxin causes oligomenorrhea.

1) TSH ,secreted by anterior pituitary control secretion of
thyroid hormones by negative feed back mechanism

2) Hypothalamus secrets thyroxin releasing and inhibiting
hormones which controls TSH levels and ultimately
regulates thyroxin secretions.

Disorders of thyroid gland are:
1) Hyperthyroidism (Toxic Goiter, Thyrotoxicosis -Grave’s
disease)

2) Hypothyroidism - Myxoedema (in adults) and cretinism
(in child).

Symptoms of Hyperthyroidism

1) Intolerance to heat. 6) Insomnia (lack of sleep)

2) Loss of weight 7) Tremors of hands
3) Diarrhea 8) Oilgomenorrhea
4) Nervousness 9) High blood pressure

5) Extreme fatigue 10) High basal metabolic rate.

Symproms of Hypothyroidism

1) Weight gain

2) Deep sleep (patient can sleep for 12-14 hours)
3) Dullness, sluggishness

4) Increased blood cholesterol level.

5) Edema all over face and body.

6) Mentally retardation in children (cretinism).
7) Delayed mile stones in children in cretinism.

Goiter: Enlargement of thyroid gland is called as Goiter.
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1) Lack of iodine leads to lack of synthesis of thyroxin.
2) Therefore by negative feed back mechanism level of
thyroid stimulating hormoné (TSH) increases.

Increased TSH stimulates thyroid gland to secrete large
amount of thyroglobulin and gland grows larger and larger.
This condition is called as Goiter. But due iodine deficiency
there is no synthesis of thyroxin and tri- iodothyronine.

Functions of Calcit'g‘ nin
Calcitonin is a hormone secreted by thyroid gland.

1) Calcitonin enhances calcium absorption by bones.

2) Calcitonin regulates blood calcium level.

3) Calcitonin lowers blood calcium level and calcium is
made available to the bones.

Control of calcitonin secretion
-1) High blood calcium level stimulates calcitonin secretion.

2) Low calcium level inhibits calcitonin secretion (Normal
blood calcium level is 9 - 10mg/ 100ml of blood).

Suprarenal gland (Adrenal gland)

Right suprarenal gland

Left suprarenal gland

Renal vessels
" Abdominal aorta

Anatomical position of suprarenal glands
(Adrenalin glands)

* Fig. 47 : Suprarenal glands at the
superior poles of the kidneys
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Anatomical Position: It is situated at the upper pole of two
kidneys.

Parts of suprarenal gland are: Adrenal cortex and Adrenal
Medulla. '

Hormones secreted by suprarenal gland

Hormones of Cortex Hormones of Medulla
1) Mineralocorticoids 1) Epinephrine (adrenalin)
2) Gluco-corticoids 2) Nor-epinephrine

3) Androgenic hormones (Nor adrenalin)
Mineralocorticoids affects electrolytes (minerals) especially
sodium and potassium level.

Gulcocorticoids have influence on blood glucose level.
Androgenic hormones act like male sex hormone.

[
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Fig. 48 : Histology of supra-renal gland (T.S.)

The zona glomerulosa secretes mineralocorticoids.
The zona fasciculata secretes glucocorticoids.
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The zona reticulasis secretes sex androgens.

Mineralocorticoids

The most important hormone in this group is aldosterone.

Gulcocorticoids

1) The most potent hormone in this group is cortisol.
2) Corticosteroid is less potent than cortisol.

Functions of Mineralo-corticoids

1) Aldosterone acts on renal tubules.

2) Aldosterone increases renal tubular re-absorption of
sodium in the body.

3) Aldosterone increases secretion of potassium.

4) Increase in aldosterone level causes hypokalemia apd
muscle weakness. High aldosterone increases potassinm
excretion in urine, hence potassium level in the blood
reduces.

5) Deficiency of aldosterone leads to increased potassium
ions in plasma causes cardiac toxicity, arrhythmias and heart
failure.

6) Aldosterone enhances sodium absorption by the intes-
tines.

Function of the Gulcocorticoids

Both Mineralo corticoids and Gulcocorticoids are life saving
hormones.

1) Gulcocorticoids stimulates gluconeogenesis (Formation
of glucose from proteins and fats).

2) Cortisol increases blood glucose level, it may lead to
Adrenal diabetes.

3) Excess aldosterone can cause muscle weakness, because
cortisol enhances protein breakdown, and reduces protein
synthesis.
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4) Excess cortisol causes fat deposition in chest and head
regions of the body giving buffalo like appearance and
rounded moon face.

5) Cortisol resists stress and inflammation.

Trauma
Infection
Intense heat or cold . Types of stress
_ Surgery
Chronic disease
All the conditions mentioned above leads to excess secretion
of aldosteron.

6) Aldosterone is a strong anti-inflammatory agent, used in
rtheumatoid arthritis.

7) Aldosterone blocks inflammation in its early stage.

8) Cortisol suppresses the immune system cortisol reduces
lymphocyte reproduction.

9) Cortisol resists allérgic reactions.

Functions of adrenal androgens
Adrenal androgens are sex hormones. These hormones are
continuously secreted by adrenal cortex.

Sex androgens acts like testosterone. Estrogen and pro-
gesterone are also secreted in minute quantity. Growth of
axillary and pubic hair in female results from sex androgens -
especially in females. '

In male, the quantity of this hormone is so less that the
effects are very insignificant.

Functions of adrenal medulla

The cells of medulla which secretes hormones are called as
chromaffin cells. These are innervated by sympathetic nerve

fibers.

The secretion of medullary hormones is controlled by
autonomic nervous system.
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Hormones of adrenal medulla

1) Epinephrine

2) Nor-epinephrine (NE)

These hormones are called catecholamine.

These hormones are also life saving hormones.

These hormones are secreted when body is under stress.
They increase heart rate.

Functions of adrenal hormones: They control blood pressure
and respiratory rate. Rate of digestion gets lowered due to
these hormones. These hormones elevate blood sugar level.
Hypoglycemia stimulates secretion of these hormones.

Control of Mineralocorticoid secretion
(Aldosterone secretion)

1) Increased potassium level in plasma increases aldosterone
secretion.

2) Increased sodium level in plasma decreases aldosterone
secretion, so that less sodium will be reabsorbed.

3) In dehydration aldosterone level increases.

Control of Gluco-corticoid (Cortisol) secretion

ACTH (adreno-cortico tropic hormone) of anterior
pituitary gland controls the secretion of cortisol, by negative
feed back mechanism.

Control of Epinephrine and nor epinephrine
Sympathetic preganglionic neurons around chromaffin cells
control the secretion of these hormones.

1. Hyperadrenalism (Cushing’s syndrome) and
2. Hypoadrenalism (Addison's disease) is the disorder of
suprarenal gland.

Symptoms of Addison’s Discase

1) Loss of appetite
2) Weight loss
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3) Nausea and vomiting

4) Low blood pressure due to decreased sodium level in
plasma. |

5) Decreased cardiac output.

1) Due to high gulcocorticoids, fat metabolism is disturbed.
2) Moon face, buffalo hump and pendulous abdomen due to
excess fat deposition.

3) Poor wound healing.

4) Osteoporosis, weakness:

5) Hypotension

6) Diabetes.

Pheochromocytoma
These are the tumors of the chromaffin cells of adrenal
medulla.

In these tumors there is hyper secretion of the epinephrine
and nor epinephrine.

Symptoms

1) High blood pressure
2) High blood sugar level
3) Headache

4) Sweating

7) Nervousness

8) Vertigo

9) Poor digestion

Disorders of sex androgens
1) Excess secretion of sex androgens produces masculine

effects in females. . _
2) Excess secretion of sex androgens in males, produces
feminine characters.
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Hormonal Functions of Testes

Testis is male reproductive organs which are located in
scrotum. Testis also secretes hormones.

Hormones secreted by testes
1) Testosterone
2) Inhibin

Functions of Testosterone

Interstitial cells of Leydia secretes the hormone.

Testosterone -Testosterone is responsible for development of -
masculine characteristics in male body.

1) During fetal life also testes secretes small quantity of
testosterone. ‘

2) After birth for 10 weeks testosterone is secreted by testis.
3) But thereafter testis doesn’t secrete testosterone during
childhood up to the age of 10 to 13 years.

4) After the age of 10 to 13 years under the influence of
ESH and LH of anterior pituitary, testis secretes
testosterone. .

5) In fetal life, male fetal testes secrets testosterone at 7th
week of fetal life.

6) Fetal testosterone promotes development of penis,
scrotum, prostate gland and seminal vesicles.

7) Fetal testosterone is responsible for the descent of testis
during last 2 to 3 months of gestation.

8) After the age of 10 to 13 testosterone level increases.

9) Increased level of testosterone causes enlargement in the
size of penis, scrotum and testes.

10) Testosterone is responsible for the development of
secondary sex characteristics in males.

11) Testosterone stimulates spermatogenesis.

12) Testosterone causes growth of pubic and axillary hair.
13) It causes growth of hair on face, chest.
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14) Testosterone inhibits growth of scalp hair

15) Due to testosterone larynx thickens, and voice changes
and gets masculine voice.

16) Skin becomes thick due to effect of testosterone.

17) Testosterone promotes muscle dcvelopment.

18) Bones become thicker and strong due to calcium
deposition.

19) Testosterone acts especially on pelvic bones.

20) Testosterone stimulates erythropoisis.

Control of Testosterone secretion

Secretion of testosterone is controlled by following hor-
mones:

1) Gonadotropin releasing hormone (GnRH) by the hypo-
thalamus. :

2) Follicle stimulating hormone (FSH) and Luteinizing hor-
mone (LH) of anterior pituitary gland.

Function of Inhibin - It inhibits secretion of FSH to control
spermatogenesis.

Hormonal Functions of ovaries

Ovaries are the organs of the female reproductive system.

Functions of ovaries are as follows:

1) Production and maturation of female gamete.
2) Secretion of hormones.

Hormones secreted by ovaries:

1) Estrogen 2) Progesterone
3) Relaxin 3) Inhibin

Functions of estrogen
1) Estrogen develops female reproductive structures espe-

cially endometrial lining of uterus.
2) Development of fallopian tube.
3) Under the influence of estrogen cuboidal epithelium of

—
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vagina changes to stratified epithelium, which protects
vagina from infections.

4) Estrogen plays important role in breast development.

5) Due to estrogen epiphysis of long bones unite with shaft
and so length of bones cannot increases. This is the opposite
action of estrogen than that of testosterone. Therefore height
of females is less than males.

6) Estrogen promotes calcium deposition in bones.

7) After menopause, ovaries stops secreting estrogen, there-
fore after menopause, females suffer from osteoporesis.

8) Due to effect of estrogen skin of female become very soft
and smooth.

9) Estrogen is essential for the growth of primordial follicles
in ovaries.

10) Estrogen is essential for ovulation.

Function of Progesterone

1) After ovulation corpus leuteum secretes progesterone.

2) Progesterone promotes secretary changes in uterine endo-
metrium after ovulation.

3) Progesterone reduces frequency and intensity of uterine
contraction. ~

4) Progesterone stimulates secretion of mucosa of fallopian
tubes. These secretions nourishes fertilized ovum.

5) Progesterone stimulates fat deposition in the breast. It also
stimulates development of lobules and alveoli of breast.

Functions of Relaxin

Relaxin relaxes symphisis bubis and helps to dilate uterine
cervix at the end of pregnancy.

Functions of Inhibin

Towards the end of menstrual cycle, inhibin prevents
secretion of follicle stimulating hormone of anterior
pituitary gland.
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Control of secretion of ovarian hormones

1) An increased level of estrogen and progesterone depresses
secretion of ES.H. and L.H. and vice versa.

2) Secretion of ovarian hormones is controlled by hypotha-
lamus and naterior pituitary gland.

Pancreas
Pancreas is both endocrine and exocrine gland.

Exocrine portion of pancreas produces pancreatic juice.
Endocrine portion of pancreas is called as Islets of
Langerhans.

Islets of Langerhans consist of 3 types of cells:

1) Alpha cells .- Secrete hormone glucagon
2) Beta cells - Secrete hormone Insulin
3) Delta cells - Secrete hormone somatostanin.

Stomach

Pancreas

Duodenum
Fig. 49 (a) : Anatomical position of pancreas

Functions of Glucagon

1) Glucagon increases blood sugar level.
2) It accelerates gluconeogenesis.
3) Low blood sugar level stimulates secretion of glucagon.

Normal Blood sugar level (BSL)
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Fasting blood sugar level is 60-110mg/ 100ml of blood.
Postprandial (PP) sugar level is 110-180 mg/ 100ml of
blood.

Fig. 49 (b) : Histology of pancreas

showing islets of Langerhan

Function of Insulin

1) Insulin decreases blood sugar level.

2) Insulin enhances transport of glucose across the cell
membrane.

3) Insulin maintain the normal blood sugar level in between
the meals. '

4) Insulin enhances fat deposition in adipose tissue.

5) Glucose can enter the cell only in presence of insulin then
only cell can perform its physiological activities. High blood
sugar level stimulates insulin secretion.

Disorder of Insulin

Hypo-secretion of insulin results in high blood sugar level,
polyurea glycosuria, and excess eating (polyphagia). The
disease in which insulin secretion decreases is called as
diabetes mellitus. Somatostanin inhibits secretions of insulin
and glucagon.
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Parathyroid Gland

Anatomical position
Parathyroid gland is situated on the posterior surface of the

lateral lobes of thyroid gland.

Parathyroid glands
Oesophagus

Fig. 50 : Parathyroid glands on the posterior aspect
of thyroid glands : anatomical position

Parathyroid gland consists of two types of cell:

1) Chief cell (principal cell) -These cell secretes parachyroid
hormone (PTH)
2) Oxyphil cell - Function of these cells is still obscure.

Functions of parathyroid hormones (PTH

1) Parathyroid hormones elevate blood calcium level.

2) It leads to the activation of vitamin D.

3) PTH withdraws calcium from bones and blood calcium
level is increased.

4) Due to this, PTH enhances osteoclastic activity which
leads to bones destruction or osteoporosis.

5) PTH stimulates calcium re-absorption from kidneys and
calcium is returned to blood.

6) PTH also removes phosphates from bones and phos-
phates are lost in urine. '

18 S.K. II
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Function of PTH and calcitonin are exactly opposite to each
other.
Disorders of Parathyroid gland
M|

Hyperparathyroidism Hypoparathyroidism

Hyperparathyroidism:
Due to hyper activation of parathyroid gland it secretes large
amount of PTH.

Due to elevated level of PTH, more calcium is absorbed
from bones.

1) Hyperparathyroidism weakens the bony tissue.

2) Hyperparathyroidism withdraws more calcium from
bones which lead to osteoporosis and osteitis fibrosa cystica
(cavities in bones due to calcium loss).

3).Due to loss of calcium, bones may undergo spontaneous
fractures.

4) High blood calcium level can cause kidney stones.

Hypoparathyroidism

Deficiency of PTH decreases blood calcium level. Low blood
calcium level affects nervous system that leads to irritation,
restlessness and muscle spasm or tetany.

Control of PTH secretion

1) High blood calcium level inhibits PTH secretion.
2) Low blood calcium level stimulated PTH secretion.

Thymus gland
Thymus gland is concerned with maturation of T
lymphocyrtes.

Thymus plays important role in immunity. The hormones
produced by thymus gland are:

1) Thymocin

2) Thymic humoral factor (THF)
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3) Thymopoietin

All the thymic hormones promote maturation of T
lymphocyrtes.

Pineal gland
Pineal gland is attached to the roof of third ventricle of the
brain. Hormones secreted by pineal gland are as follows:

1) Melatonin

This hormone may inhibit reproductive activities by
resisting gonadotropic hormones. This hormone is produced

during darkness.
2) Adrenoglomerulotropin hormone

It may stimulate secretion of hormone aldosterone.

Kidneys

The juxtaglomerular cell of the kidneys manufactures the
hormone called as Erythropoietin. This hormone stimulates
erythropoiesis.

Adipose tissue

Adipose tissue also secretes hormone. The hormone secreted
by adipose tissue is called Leptin.

Leptin controls appetite

When person eats food, adipose tissue absorbs glucose and
lipids and synthesizes triglycerides. At the same time, leptin
is released in the blood by adipose tissue.

Leptin interacts with neurons in CNS these neurons are
concerned with emotions and due to interaction with leptin
they control appetite by producing sense of satiation and
reduces appetite.



