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GEIMERAL INTRODUCTION



CHAPTKR X

OEHdAL XNTRODUCTZOH
* f

Bleyhanta* the iar^eat o£ the present terrestrial

maRsnals# are the sole living repceaentatives o£ the order

pxeboaddea* imo pr^storic elephants maintained their

aaoendenoy by virtue of £aunal jproaporlty till the Pleistocene

era - period o£ about two and a half rrdlllon years Imraodiately

preoeding the onergence o£ aiodem man • at which time they

reacted ti^ Gulminatlon o£ many millions o£ years o£

evolution* Their presence in wild life parkst sanctuorida*

eoos» circusesi, ten^le devaswons and forest ranges often

na}QS ua forget that they belong to an endangered species

feolrig esctinotion. The increasing nunfaors of elephant hunts

end incidences of poaohtng pose severe threat to their

existence*



0£ all the animXs that liave ever existed* the elephants

rank ataong the moat suocsessSul ones* As bad been rightly

stated by the Heffoous British ecologlst* Sir Frank Fraser

Darling* "watobing the aaepbants* one is conscious afresh

that no other animal can occupy so many habitats and that

ths eloifmnt is still the most thriving and resurgent

species"*

The euooess o£ elephants in a situation where failure

exacts ths supreme penalty «»etinetlan is attributa^e

to their hi^ level o£ intelligmce* e££ielency in exploiting

tha habitats* adaptabUity. and the power o£ colleeUve

action from their well ordared social organisation* A sincere

effort to provide a proper ecology £o» them in their natural

habitat is also very essential for this* It is high time

that (wganiaad efforts to brood ths elephants in cxptivity*

to ogjloro the posaltaillty of artificial insemination in
elephants and to rear them in wild life parks in large

tuxQbera eoa the Uke* are resorted to avoid the posslblUty

o« an early eattinction of this valuable species* such an

at^oeaeh naoesaarlly aonandte avaiXablUty of adequaW baaaUn#
tiata on the jfiysiology of Indian elephants*

The present study was undertaken with the following
c^jeotivesi

|» Deriving prediction eijuatiane for estimating boi^ weight
and heioht from body linear msasuremwite.



s

a» To find out the metaboXio body vslght and true total.

surface area in eXephants#

3« To estimate total surface area from areas of parts of

the body#

4* TO Study the correlation beteeon body weic^t and surface

area and to derive prediction equations for estimating

surface area from height and/or freight#

S* TO Canute the basal ?)oat prot9uctlon in elephants*

6« To dstermino norms for certain hasmatologieal parameters

lite specific gravity of ̂ d»lo blood and plasma* relative

and absolute viscosity of whole blood* oerum icterus

index* pH of whole blcxid and plaama and eoagulation time,

7. To find out the c^>tiRum time for doteniitnatioa of

erythrooyto sedin^itation rate to nahe it clinically

important*

8* To estimate total proteins* albumin* glolulin and

albumlntglobulin ratio in serum*

9* TO fractionate serurft proteins and lipoprofceins by

elactiosphoreQis and to identify variaunts of albumin

and hasnoglob&n*

10# sasay the activities of glutamic oxaloecetic

tronsaminaoe* giutainlo pyruvio transamlnase, lactic

4ehydrogenase and creatine phoaphokiiuaoe in serum* and

ii* TO estimate the levels of sodium* potassium*, oalcium*
magnesium * iron* coppor, Irontooppor ratio and sine in

aorum*



CHAPTER II

ESTIMATION OF BODY WEIGHT AND

HEIGHT IN INDIAN ELEPHANTS



CHhvrm ti

ESTIM^TION OP tJOtJSr WBlOfW AWD IBSIOrfP IM IHDIAW Bt»EPHANTS

ztiTRODtJcrrxo» and nsvxEsf

KnowXodge on the body o£ an animal la o£ paramount

lii^)ortance In detemlnlng the metabolio aotivlty In eatlmatlng

the dietary needa end in oalouiatlng the doaa^ of druga to be

«Mnl6tered« siephants ere not an exeeptioa to this general

sule« In laatabollo atudlea, the raaaa end linear dlm^siona

era oaecntlaX for oorrelatlng the heat pvoduotloo and vital

activity^ corroot doeegee of traoguilisere are essential

for the suoeesafal oontrol of ele^iants in muath* since

the eotual weight with sensitive platform balanc^t/

wei^bridge ie not feasible in many places ̂ diere the

elephants af» normally housed* the practice is to estimate



tha bO(9y weight by prediction ecpiatians* These equations

have been derived ualng linear maasurenisnts as paranwtere*

Benedict (1936) had cacRnentod that height and general

maasivenGssA as judged fay visual Impression, are mecellent

indices o£ the alse* Another reliable index o£ the siae is

tha body weight* Nutritional status of the animal, age,

sex, work load, physiological status and onvironmont are some

of the important factors that influence the body weight*

Kurt and Hettasinghe (1969), Laws ̂  (1975), Kriahnarooort)^

and Mair (1979) and Ananthasufaramsntara (1992) have

presented prediction equations for ostimating weight of

elephants (Table XI*1}«

In the present study, prediction equations had been

derived for estimating the body ueloht and hei^^ at shoulder

of Indian elejphanta from linear measurements recorded from

a siseable nurt^r of elephants* with a view to recomnend

relatively a&n^ler and safer methods, attempts were also

made to find out better measures for recording the length

and girth from among the different techniques, idOch are

scientifically and factually acceptable*



T«ia« XX.1

pvsaicticxi equations for eatlmating body vel^^ and had^it in Xndlan elephants

ifoBter of
•l^ihsn^
•tudled

Prediction eqoatians

1 2 3 4

Kale md
Female

y « ♦ 28,9ac» X a cube root of body weight
to bg

7 « chest girUi in cm

Kurt and riettasinghs
(1968)

39 Male and
Female

y «» *22»39 ♦ 18*9x X « cube root of bcsdy weight
in kg

y m shoulder height to cro

Kurt and fiettaslngho
<1968)

Male w « O»00SO7 w « body wei^it in kg

h m shoulder hei^tt in cm

hwa et (1973)

Male w w 0.000306 « ■ body weiglit in kg

h m shoulder height in cm

Laws (1975)

Female w - 0.001267 V » body weight to kg

h • shoulder height in era

Laws et ai* < 1973)

Female W • 0.000258 w m body weight in kg

h m shoulder hei^tt in cm

Laws gJt ai* (1975)

<GOt^lauad)



Ta£)Ie il»Z ccmtinuoa

2

20 Male etsA
Female

20 Mole and
Female

20 Kale and
Faraale

20 Male and
faaale

20 Male and
female

w "
1>2S tX?
300

« « 23 9-49S4,

1 « length botwoon point e£
shoulder to point of
buttocicB (PS-P9) in
inches

o m Chest girth in Inches

g « chest girth in en

Krl^namoorthy and
»air (1979)

» « e*9 I •^20«7g«5S56» g • girth in cm

1 « bo^ length <ps»pb) in csi

V » e»2g4-iS»4ng~3927« g >• ̂ lest girth in em

ng « neok girth in cm

V « 12#8(9H)g)'-4281» g « tiMt girth in ob

ng " x»ek girth In em

Ananthamihramaniam

St Sk* (1982)

Aaanthssuhrenaniam

St (1962)

Ananthssubramanian et al.
(1^2)

AnanthasubramKiiam

StSL* (X9e2>

20"^* 2U313 1 • body length between
point of shoulder
and point of tsuttoeks
(P&.P&) in cm

g m chest girth in em

Ananthasubronianlam
<1932)

(contiiBied}



Table Xl«l eoRtisttfliai

20 Male and w • 10*' x 12»0539 Ig® l body leangth bet^foea
point o£ shouXaer and
point of buttoeXs
(PS-PB) in OB

Ananthaeubrameniam
<1983)

g • chast girth in am

37 Kale and
Famale

fir w 2 FC HT

PC

height in ra Benedict (1938)

right foot
cicoan^arence in m

*■
-

^  •% - ^ "
t- ^V ■ -je-

. -i

k=

i
• K* S

?  ̂ <

^ *■ -
8 i?

i

r.* .«• "• =-Tt --^•. , • -

1-^:

iSf

■  -K

5^



9

MATERIALS AND MEIWDS

Tho stutSy wtts conducted on 36 Indian elephants • 8 baby

olephanta and 28 adiate - varying In age £am nine to fifty

years 9 maintained by the Forest Oepartmsnt of the Government

of Kerala In their elephant eamps» by Guruvayoor Dovaowcm

and by private owners# excepting for two female baby

elephants* the areat were all males* For studying growth rate*

fcMir more baby elephants varying In ago from one year to seven

years were an3>loyodl* All the animals were clinically healti^

and maintained under Ideal nutritional regime* An elephant

was considered as an adult when It attained the age of 15 years

(Parlces* 19S6>.

Based on the height, the adult olephanta wore classified

into thiroe groups* Group I- (8' and above). Group il- (7* to 0")

and Gtoiip III- <6' to 7M#

The loaves of Carvota urena Comod the bulk of the diet*

Replying the rotw^hago* The ration also Included cooked rice*

ragl*, horse—gram* wlvaat* eoccwnut, glngolly oil, salt and

molasses. The schedule of ration In adult working elephants

was as followst

Group Rico
kg

Ragl
Kg

Horse-gram

kg

Wheat

kg

Fodder

kg

es ss vsfct <e eewaesw

X 4 a 3 4 400

XX 3 6 4 4 330

IXX 2 3 3 3 300
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Thay WM« £9d dally «t 0900 and 1700 hours* Tfas

animals wars Ist loose to forage in the forest during night*

The adult elephants vere subjected to muscular worls-haullng

and piling of tiRft3e3^• during the day time* All the animals

4#srs veighsd twice in the morning before feeding in a

neigh-bridge (xvevy - sensitivity ̂  10 }fig) and the mean

of the two «ieights wa$w taken* The body measxiremtonts were

then recorded* in duplicate* with a good tape measure (in cm)*

which withstood the rough handling without stratching#

shrinking* curling or breaking and the mean was noted* Each

elephant was made to stand squarely oa all tjno four legs on

s level ground with the head straight In an t^rlght steatfy

positl(m» The height at withers was measured by kseplng the

tape fined to the tip of a straight sod* provided with a

Spirit level* hodfisontally placed at the top of the shoulder*

The distance toet^^een the rod and the ground was taken as the

height at shoulder of the animal* The chest girth was mea

sured by tle^vtly enoircling the tape around the body of the

snimal Just behind the elbows. The neck girth was determined

In the same way at tho base of the neck in front of the

shoulder* Ths body length was recorded in two waye - by

noting the distance between tho base of fiwre-hoad to the baae

^ tail (BPH»»BT> in one and in the other* tho distance between

the point of shouldor to tho point of buttocks <ps-p»)* Ths
circtmference of tho right fore-foot was taken by using a

thin thread wound round the foot In such a W •• to cover



IX

the nails at the lower portii»i ond then measuring the thread*

The correlation between the different parameters studied and

the body- wel^ as well as the relationship bet^roen the

cieotsnferenoe o£ right fore-Coot and hei^ were then worked

out in elephants varying in age from 9 to 50 years* The

g^thod of least squares (Snedecor and Cochran* 1967) was

uaod to determine the various relations*

For studying the growth rate* the eles^tants were

grouped Into batches sooordlng to their agei 0-S, 5-10« 10-19*

15-20, aO-25* 25-30, 30-35, 33-40, 40-45 and 45-30. This was

necessitated duo to the small sait^lo siae. The body weights

of the animals in an age group were pooled and the raoan was

plotted against age to get the curve. Percentage of growth

as well as body weight were plotted against age*

i' i<''C

a •* =
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RESULTS

Mean values for the body msasureroents as well as tha

true be^ wei^jht of the elephants* recorded in the present

study* are given in table ZX»2* The raw data for these are

given in annexure !• The corrolation matrix calculated from

the data on body weight and body laeasurements is presented

in table ll«3* The body parameters in the decreasing order

of their correlation with body weight were chest girth*

length froiti batw of fore~head to base of tail (body length) *

asCH girth* height at shoulder* right fore-foot oircumforence*

and length between point of shoulder and point of buttoclca

(1301^ Itoigth)* The parameters having a oorrelation of 0*90

and above with, the body weight alone wore used in deriving the

prediction equations, llnoar models were tried with single

and possible meaningful combinations of the seleated para

meters* TBwugh the multiple correlation coefficients wore

very hi^ in most cases* few of the estimated figures In

each case showed wide variaticms from the observed voliaes.

(tenoe* many non-linear motols were tried and the better

suitable ones were fitted. Table lt.4 presents three predic

tion eqwaUiwis for bod^ weight of the entire group of eleiteits

(elephants varying in ago from 9 to 50 years) (models 1#2#3>

and another prediction oqpation for heic^ {modol-4) together

with mulUple correlaUon eoofficisnts. Fig.il.l

tthe relationship between body weight end age* yig.ii.2 gives



Tabl« tl»2

Values for ntta«aireraents and bodv of Indlw ol^ahanta

Pararaster Hean x

X* Height at ahoulder (HP) (m) 2S3 * S*79

2* iioagth bet»>een base of fore«head to base of ^ n Af>
tall (spa-OT) (en)

3« lisagtb between point of ti)oul<ter to point ««« «. 7
<a buttoolcs (PB-PS) (aa) — *

4# Chest girth (CO) <em> i

5# He^ girth (m) {cm) 242 ± 2* 59

S0 Ri^A toKO-^Soot Girconference (TC> (end 130 * 3*00

7# Bod^ vol<^ <W) (*g> 3352 + 201.61



Tatdld XX*3

CosTtt^tion matrix

Migth batnosB

1

I

Cbest girth tioagth bctiioon tlaight at

Bodtr point o€ elmnEepenee (hg) (cd) (CG) (cm) base of ahooldBC

vttlAjhfe ahoaidor t» (PC) (era) foco-head to (KT) (cm)

iShim) point of base of tall
toottoeks (body length)
(body loagth) (DFB-OT> (<sa)
(PS-PB) (em)

0.7946 0.9001 0»93^ 0.9739 0.9388 0.9226

1 0*^90 O.TC^ 0.7970 0.7420 0.7111

1 0.8534 0.^31 0.3688 0.8983

;

1 0.8B49

1

0.8688

0.8859

1

0.8603

0.8852

0.8426

1



Table 11.4

equatic«\s for oatlraatinQ body wel^ and height at shoulder In Indian
^Xephanta o£ a3J. age ̂ cotipe (rovinded to xieareet figure)

of

enlmale
etndled

»o«
Prediction equations

Hultiple
correlation

ooefficleat

1 ff m -1637«07'i0.03S(BFH-CT) x CO I* 3,072HF 0.98

36 2 K o ~1442-23-K).036(SPH-BT) x GO 4> 3«013FC 0.96

36 3 W m -'1237.2l4O,03S(BF»iOT) x CO 0.98

36 4 HT
"21.04 + 1.77 PC 0.90

w • hoify velght la Hg

BFB-6T « lffi:igUs betsmn base o£ foee-head to

CG m chest girth In cm

RT m height at ahouldEar la an

TC m right foe^foot clrcmfeeenee la oa

base o£ tail (bed^ l«igth) la em

(9
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^ig* n«lt Grewth ewevm e£ Indian elephants
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Fig* II.29 c^rowth rate exprosoaS as i;9oroQntage
in Xndiaa elephants
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the relationship between jpozcentage growth rate axid age*

Annoxure 2 presents the raw data on weight and age o£ the

40 elephants studied*

k*:
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DXSCUSSZOM

From the oorroXation matrix (Table 11*3)» It was

iniorred that anwng the di££eront paranetora studied

Infliienclng the body voight. chest girth (CG) was £ound to

bo tho bast (r«0«97) followed by, in descending oirdor o£

imtxirtancje, tt^ body length £rom base o£ £6re-hQa3 to base

of tall (DPH-BT) (riO»93), neck girth (HO) (r«»0,93), height

at shoulder (OT> <r*0.92), right £oro-'£oot circumference

(PC) (r«0,90) and the body length between point of shoulder

and point of buttocks (fs-pb) (r«0.79)* Ananthaaubramaniam

Qt (1902) reported the correlation of the di££erent

parameters studied with bocSy weight, in the decreasing order

of importance, as nook girth (raO.dQ), chest girth <rw0.97),

shoulder height (r<0,9d} and the length between point of

shoulder and point of buttocks (m0>78), Ananthasubramaniain

9Sk (1992) considered the nock girth as a more better

moaaure of body weight compared to that of the chest girth.

tn the present study, though girth was taken In two forms

(chest gixth and neck girth), the data gathered revealed

that the oorrelatio:) of cheat gir^ to lx>dy weight was higher

<r«0,97) than that given by neck girth (r"0.92) • This is

suggestive of the bettor reliability of ohost girth over neck

girth to predict the body weight of elephants. The findings

the present study, with more number of elephants, felled

to substantiate the view expressed by Ananthasubramantam

SSk AL* (1932). They also reported that the relationship
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betwG^ bodty length (point o£ shoulder to point of buttocks)

and bod/ velght was good (r>^«78)» Butt in the present study*

the body length between the base o£ foro-haad to base of tail

was found to have a better relationship (rO*93) with bo^

weight than tho length taken between point of shoulder and

point of buttocks (r»0»79)» This is Indiaative of a greater

linear growth between the fore-head and base of tall than

the point of shoulder and point of buttocks, fk^reover*

measurefflsnt of length between the point of shoulder and point

of buttocks is highly sueceptible for errors since a alight

movecffisnt of the animal or a shift in its stance will move

these points* From the point of view of convenience of

measuring* reliability and high correlation* it* thus* appears

that the length betimn base of fore-head to base of tail

(DFli-BT) can be chosen over the conventional l^gth between

point of shoulders and point of buttocks (ps-pb) for predicting

weight in elephants* haws ̂  (1975) contended that height

is not subjected to rapid seasonal fluctuations and hence*

could be used to characteriM the body weight of el^^iants*

Xn the present study* eguaticHis were fitted in* both by

incorporating height at shoulder and by cnccluding It* tip

difference in the coefficients of variations or in the nsiltiple

correlation coefficients could be detected* indicating that

height at shoulder is not a superb parameter compared to the

other ones tested* The inclusion of foot circumference

instead of hei^^ at shoulder as a parameter also did not
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glv« ai^ chzmgo In the ooefiflclent of variation nor In the

fmUtlple correlation coefficient* The foot circumference

was tried since It la a parameter that could be easily

meaaured from the foot print of the animal* The three

models fitted in the pre«»nt study for prediction

of body weight In elephanta aged nine years and above explained

96% of the variation In the orlfjlnal body weight, and the

coefficients of variations of the estimated values were very

close to the observed values and hence, all the three models

could be eqEUally applied for predicting the body weight.

Table II.5 gives the observed body weight and the estimated

values using the different models.

The moaBurement of height la easily subject to error,

simae a slight change In posture greatly affects the measure*

ments. Availability of suitable rods, with spirit level, at

remote areas la also a problem. Besides the aim Is to ̂ ?edlet

the body weight with precision, minimum possible effort and

*»dy porame^rs, adopting eas^ steps In calculation, it

appears that the prediction eguatlon given as model*3 could

^ pcefmcred over the other two (model 1 and 2) In elephants

aged 9 years and above. Table 11.6 gives the c^seerved bo<^

Afoight of elephants used la this study as well as the body

weights calculated by applying the formulae racommanded Iv

®^irt and ftettaalngho (1960), Krlshnfldnoorthy and Hair (1979)

^ttaothaanhrawanlant ̂  (1902).



Table IX.S

Estimated bodjr welgbbsdcg) using di££er«tt models <rounded to nearest kllogranmae)

SI. Observed body Model^l Hodttl*2 Model-3
no. weight (bg) (log) (kg) (kg)

1 2 3 4 S

I 3080 2X14 2145 2309

3 141S 1582 1587 1607

3 1840 1927 1970 1952

4 1750 1724 1746 1734

5 2CK30 1839 1854 1869

4 217D 2445 2527 2461

7 2340 2371 2247 2263

8 1780 1749 1732 1742

8 2290 2575 3588 2588

10 1740 1827 1781 1784

11 2060 1959 1949 1930

12 14% 1S77 XS49 15SS

13 2390 2mz %18 3004

14 3445 3291 3294 3278

IS 1755 1743 1707 1732

14 3870 3482 3431 3628

17 3435 3429 3621 3585

18 3735 3840 3832 3862

18 4130 4Q4X 4147 4175 •j

(continued)



Tabto JtmS oontinued

t 3 3 4 S

so 3500 3219 3234 3229

21 4950 4m 4936 4912

22 3710 3338 3883 ^90

33 3300 3261 3280 3261

34 41^ 4390 4335 4385

35 4390 4368 4345 4334

26 3430 3503 3418 3424

27 44S3 4533 4586 4638

sa 3760 3803 3761 3753

4660 4523 4505 4485

30 4no 4393 4357 4330

31 4510 4905 4863 4868

32 4960 4988 5002 5009

33 44^ 4570 4573 4562

34 4835 4756 47D8 4746

35 5350 5068 5086 5100

36 4050 4782 4811 4794

Mean 3352 3352 3352 3332
♦ ♦ jh ♦ Si
S«E« 201.61 199.78 199.71 T99.65
i^oeffidoat
o£ trariation

M.oa 35.76 35.74 33.72
to
u>
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Table IX«6 oonttaueA

1 3 3 4 5 6 7 a 9 10

2890 2553 2785 2057 2974 2607 3161 3105 2628 2096

344S 3151 35M 3680 3756 3794 3789 3783 3620 3742

175S 1932 1895 1317 1847 1461 2004 1953 1718 1340

3870 3991 3665 3795 3371 3904 4106 4039 3758 3859

3625 3018 3448 3871 3664 3814 3S72 3604 3578 3920

372S 3300 3867 3057 4035 3731 3896 3949 3764 3109

4130 2410 4657 4214 4722 4697 4446 4538 4762 4723

3500 28JM 3308 2596 3526 3207 3376 3425 3191 2640

4950 4096 4^2 5649 4883 5111 5166 5089 5163 5746

3710 3561 3892 4379 4078 4242 3922 3975 4068 4453

33X> 2994 2995 3229 3204 3296 3482 3399 3061 3234

4120 4177 4429 4672 4538 4601 4436 4474 4595 4752

4370 4516 4263 3157 4400 3994 4515 4487 4115 3210

3430 4096 3308 2661 3326 3235 3431 3463 3206 2706

4430 3665 4628 5042 4699 4815 6241 5780 4842 5127

3TO0 4136 3496 2879 3710 3442 3533 3591 3414 2928

4660 4740 4318 4689 4445 4S53 4955 4807 4501 4762

4720 4917 4313 4722 4446 4566 4753 4666 4503 4802

4510 sicm 4457 4797 4561 4656 4426 4474 4643 4979

4940 4516 5845 6520 5596 5750 3893 4423 6194 6632

4430 4408 4318 4582 4446 4518 4495 4487 4481 4660

U»

(continued)



Table IZ«5 coQtiouQd

3 4 S « 7 8 9 10

488S 4647 5104 4300 S067 4001 5489 5370 5091 4374

5250 4473 4599 5237 4676 4863 5037 4935 4850 5316

49SQ 4387 4318 5080 4446 4691 4587 4551 4501 5167

3352 3220 33^ 3273 3491 3357 3531 3513 3399 3340

5«S« 20U61 ISl**^ 191«33 244*98 198*99 222*26 201*80 197*62 212*96 250*78

CooCficieot
of 36.08 35.73 33*95 44.91 34.3© 39.73 34*29 33*75 37.59 45.05

variation

M
9k
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Height at shoulder was found to have a linear relation

ship with circumference of foot and a prediction equation

(model-4) had been wor3ced out. Benedict (1936) and Kurt

and Nettasinghe (1968) estimated the height at shoulder

using right fore-foot circumference end observed it to be

approximately twice the circumference of the foot. In the

present study also height was found to be approximately

twice to circumference of the right fore-foot. Table 11.7

gives the observed and estimated height at shoulder in

elephants.

In several places di^e to lack of platform balance/

nwigh-bridge# t^eight of the elephant is not regularly taken.

Using the prediction equations arrived at in this study# the

body weights of 21 adult elephants were estimated from the

body meastUDcaaents and the same was found to be in reasonable

8gre«nent with the weights recorded a year back (Table IZ.d).

The body weights (kg) recorded in the present study

(Annexure 2) were plotted against age (in years) and presented

in The percentage of growth was plotted against

sge and presented in Flg,II.2. It can be seen from the graphs

that the percentage growth rate was high upto 20 to 25 years

in the elephants studied. The data further revealed that

even after attaining maturity# the eXesphants recorded a

moderate rise in body weight.



Table li*7

SBtlmafted height at ahoolder (on) ttslng taoMM

SUmrn Oheesved sstlraated
(en) (on)

I 192 198

2 198 198

3 307 228

4 206 220

s 200 207

a 230 269

7 226 216

8 212 207

9 228 234

10 225 212

12 224 228

12 211 204

13 236 251

14 255 260

15 213 198

14 277 . 260

17 273 278

18 259 246

19 231 255

20 246 251

CO

03

(continued)



T9lta0 XX»7 OQRtil»ed

suno» Observed
(am)

21 280

22 266

23 250

24 202

25 290

26 280

27 264

28 281

29 295

30 299

31 305

32 290

33 287

U 293

33 209

36 287

neaa 252

♦

8«&* sTto

estimated

(cm)

303

260

260

276

207

250

251

266

290

290

265

282

287

263

305

296

251

S«31

Jp



Table iz*8

Body tieight of elophaats estimated using the three moa&Xs recoranendsd as con^}ared
with actual uei^it zeeoEded a year back (reunaed to nearest klXogrsnaea)

SU
ROft

Actual ueigbt
PQCordtea a

year back (kg)

MO^I-I Hodel'-a Model*3

X 2 3 4 5

I 3330 3208 3294 3323

a 4375 4273 4195 4264

3 3S9Q 2921 2836 2397

4 3600 3531 3478 3543

5 3^ 3064 3007 3093

4 ZS30 2562 2543 2587

t 247S 2493 2376 2482

6 2998 2921 2911 2945

9 2990 2843 2886 2886

«> 4670 4564 4560 4605

11 ^8 4484 4483 4508

la 3«30 3389 3399 3403

13 4460 4491 4443 4483

14 4350 4273 4290 4321

2900 2757 2783 2810
8

(cKXitinued)



Tabie tl.8 <^nitimted

18

X7

18

18

20

21

S*S,

4

3SK)0

43S0

3400

3880

3700

2010

3112

4206

3385

390S

3627

2027

3138

4206

3384

3909

3602

1950

3152

4216

3403

39S0

3674

2007

3485.52

155*45

3434*85

♦

161*78

3413*00

+

164*06

3454*86

+

162*76

w



CHAPTER III

SURFACE AREA AND BASAL HEAT

PRODUCTION IN INDIAN ELEPHANTS



CHAPTER III

SURFACE AREA AMD BA3AI< HEAT PRODUCTION IN ItTOIAH EDEPHAHTS

nmiODUGTIOH AND REVIEV

Qassl mataboXlc rate rofiero to tho boat production

during ooRSJieto pbysioal and mcmtal rest in a tbermally

neutral enrironRMant in the post^absorptive condition* The

energy utilised for executing the work involved in circulation*

respiration# secretion# excretion# nwselo tonua# homeotharray

and maintenance of the thormocaynamlcally unstable living

state is the c^ausative factor for this heat production.

Sasal energy metabolism is a convenient baseline for measoring

various energy increments* such as heat increments associated

with muscular work* feeding, lactation# gestation and

regulation of body ten^perature* sixm ouch a basal state

cannot be attained in animals with ease even with training#
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measurcBnont of resting energy metaboLiem is often resorted

to*

The basal metabolic rate par unit body weight docroasea

rapidly with an increase in body wei^t in hcraeothenns* It

is well known that the basal mBtabollc rate, per unit body

weight* is greater in small animals than tliat in large animals#

obviously due to the greater surface area of small animals

in relation to the body weight* Tha else of the internal

organs and tissues tend to vary more nearly with surface

thsi with body weight* As the animal increases in sisa# the

pull of gravity increases directly with body weight# vSiereafi

the strength of the supporting structures such as the legs

ttnd" to increase with two-third power of body weight* Hence#

to retain stability the supporting structxares grew more

rapidly tlian th© visceral organs* approximately in pr<^5ortlon

to surface area* The surface area is estimated in living

enimala by fonoulao or fay loeans of surface integrator and in

deed animals by removing the skin and determining its area

after cutting it into pieces* However# closely agreeable

results are seldom possible with thoao throe approa^ies in

the same animal and it is well ostofaUshod that the results

vary quite conaitterafaly# According to Meeh's (1879) fonmila#

surface area in square motroe (3) « k x where 'w* is

the weight In kg and •k* a constant Which varies from animal

to animal (from 0.085 in guinea pig to 0-123 in man). Benedict

(1936) suggested that 'k* be assigned a uniform value of O.IO
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for all apoclos. Another formula available for use In the

human being la the one suggested by DuBols (193S)t

A « 71.S4 where 'A' is tlie surface area in

equaro centimetrea, •«' ie the body weight in kg and "H" the

height in centimetres. Qrody (1943) suggested the formula*

A « 0.15 whore 'A* is the surface area in square metres

and the body weight in Icilogrammos.

It is true that ourfaco area varies with two-third power

of body weight in goometrically similar bodies of constant

specific gravity. Animals, irrespective of whether they are

onall or large* young or old* fat or thin* are not all

georaotrlcalXy similar and not of cfonstant specific gravity.

Hence* srody (1945) favomnsd the dotormlnaticm of the eaqponent
2/3

for w, based on actual data* to adopting w as a general

rule*

Ctoly very few studies have been ccmiducted on the basal

heat proauottcm in elephants. Xt will be aoademieally hl^y

interesting to stxidy the restiUig heat production in elefftianta -

the largest living land mansnal. Benedict (1936) reported a

high haat production per square metre of surface area In

Xndlan elephants. Brot^ (1945) preferred calculation of

basal metabolic rate using body weight raised to some power*

the true value to be determined from actual metaboil an data.

Ha suggested the formulat Q * 70.S where '0' i» the

Calories of heat produood per day and the body weight in
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ItHograirwea* KXoitoor {1932) oaine out with onotliar fomwla

£or caleuiatlng the metabolic rates Calories per day « 70

vhere is the body wel^A in kllogrammBa. The fiomwla

Q « 143 *diere '0* la the Caloriea ofi heat produced per

Oxsr and 'M* the body weight In J«g was Introduced by Rubnor

(1603)* lioe <1939) rocoranendod a elmllar formula Q « 97.S

Where 'M* la the body %selght In lag and 'Q* the Calories o«

l»at produced per day. The OuBols <1936) foirnaUa gave the

relationship ae Q « HI where *0* is the basal heat

pcoduotion per day in Calories and •M* the body weight In

Hllograimnaa. arod^ <1945) reported that the maintenance of

dlgestlfolo energy (DB) and of total dlgoetlblo notrlente <WJ)

were double the basal energy raotaboXiiwn.

In the present study the true surface area had been

neeaurad in Indian elOE^ts. prediction equatKms for esU-

matii^ surface area from areas of parts of body and firan weight
and height at shoulder had been made. The basal heat production
per day in Indian elephants was also compisted.

*
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MATERIALS AHD METHODS

The raoan bot2y wolsht and height at shoulder of 22 Indian

ele^Aianta was recorded* based on two observations* as detailed

out in chaiyter zi. Attenpte to derive equations for cocoputing

surface airea of Indian elephants were toads itsing the actually

measured surface area* body weight and height at shoulder*

The toodels attempted wore s » a x and s » a x x

v^iere *a' is a constant* is the body weight in tog* and

*c* the esq^onents and H* the height at shoul<ter in metres*

The body of elephant was roughly divided Into different

geometrical figures and the area in sq»m* va&- calculated

Individually for these regiona* The suienlng up of the areas

of these Individual regions gave the total bo^ surface area

in square metres*

All body measureriionts were tato®a in dupllcafco as laid

out in chapter zz the mean value was recorded*

The trunto: of the elepSiant was considered as a cylinder*

Tim length frran the central point of a transverso line*

^Whnsotlng the base of the two tustos* to the tip of the trunto*

was tatoan as the length of the trunto* Zha olrcufflfio««»oo ̂

tatoan at the base* bot^ and tip of the truOto and the mean

value was tatoen as the ciroumferenee of the trunk*

The face of the animal was eonsidored as a rectangle*

The straight line connecting the two fronto-lateral anglao
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o£ tb9 £are-he«d was talssn as ono side o£ the reotangla* The

other sides were the straight Xlnas drawn downtmzds eonneeting

the fronto-lateral angles of the £o3re*head to the transverse

line oonneettng the base o£ the tush;*

The ear o£ ttm elephant reseinbled a triangle* The

length extending firom the rostral angle of the attached border

to the caudal angle o£ the ear was tahen as the base o£ the

triangle. The rostral border (attached border) and caudal

border joined at the £ree end making a dtatal angle (apex).

The altitude of the triangle was taken as the straight line

length between the rostral angle and distal angle o£ the ear.

The neck was divided into three regions nenoly, rostral,

laiddle and eaixaal. The elrcunferesiCQ of the rostral part was

ta}Gon at the level around the neck Just at the angle ofi the

nandible. The circumfierence o£ the mi^aie part was taken

the level o£ the £ourtd» cervical vertebra. The catsSal

part was measured at the base of tha nock In £rcHit o£ the
shoulder. The moan of these three values was taken as the

clrcurafioronoe of the neck. Ttio length of the neck was ta)cen

as the length between the rostral transverse Una (just behind

the mandible) axa the caudal transverse line (just in front
of the shoulder). Body girth was measured st twree levels

anterior* middle and posterior regions# The anterliwr body
girth was taken at the anterior part o£ the crtiest behind a
transverse line (anterior transverse line) connecfting the
axtemal angle of scapula to the oiecranon prooess. Tim middle
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body oirth was ta}9Q& at the level o£ tlie last rib and the

posterior body Qlrth was taicen at the region in £ront o£ the

line (posterior transverse line) connecting the rostral end

o£ the esctomal angle o£ the ilium to the flap of the skin

vantrolly (connecting the stifle to the belly)* Boc^ girth

was taken as the mean of these three valties* The length of

the body was taken as the distance between tlis anterior and

posterior transverse lines*

The tall gave tlie geometrloal appearance of a cylinder*

The olroumference of the tail was taken In three regi<wis via*»

base* body and tip of the tall* Tim mean of these gave the

circumference of the toll* The straight line length from the

boee of the tall to tim tip constituted the length of the

tall*

The limbs ware classified as cylindrical figures* The

height of the £ore-*llmb was the distance from the dorsal

vertebral border of the scapula down to the ground level*

The height of the hlnd-»llmb was the distance from the middle

ef the lino connecting the external angle of the llbura and

tuber iac^iu the ground level. The circumference of the

foro^Urb was taken at the level of the shoulder joint* bslow

the elisow joint* below the carpal Joint and at the base of

foot. The mean values was taken as the circumference* Xn

the case of the hlnd-llmb* the clreumferonco was recorded at

the level of the hip joint* below the sUfle joint, below
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thft hoek and at tho base o£ £oot« The oiceumfeireneQ noted

i0tte the average of these three readings*

The perineal area was taken as the triangle extending

from the Iwter part of the anal opening do«n to ths loose

flap of skin lying between the thighs* The upper border Is

ths transverse line connecting the tubor ischii* Two lines

drawn from the two tubor Ischil were ecmnected at the apex so

as to Include the loose flap of skin In the perineal area*

The vertical length from tho central point of the transverse

Una to the apex of ti^e loose skin was taken as ths altitude

of the triangle*

Tho areas of the Individual geometrical regions were

Cfiilculated using the following formulae •

1. Area of a cyllndor «* 2 TT r <h+r),

where *r* is the radius and 'h* the height*

2* Area of a triangle « 1/2 ab« where 'a* Is the

altitude and 'b* the base*

3* Area of a rectangle ■» 1 x b> wliere *1* is the length

and 'b' the breadth*

Tho areas of fore^Xlmb* hlnd-llmb and oar were recorded

on only one aide and so the values wore doubled idtlie coK^putlng

ths total surface area*

Tho relationships between tho body weight and surface

area, and body weight and height at shoulder and aurfacse area

were worked out using least squares mstlxKl of analysis
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(Sneddcor and CoGhran» 19&7)« Plotted the relationehlp

between the bot^ weight and the measured sur£aco area* The

line of best fit was drawn through tl^ points for estimated

Burfaoe area using the prediction equation employing body

wel^. itia possibility of predicting total surface area

from the areas for individual goometrlc regions was worsted

out using method of least squares (snedecor and Cochran, 1967) •

The individual areas having a correlation more than rO*90

were alone considered for the purpose*

The total basal heat procSuction per day woo calculated

by using Brody*a fonnula <Q"70#5 The heat production

in Calories per day per kg body weight qxvSl Calories per day

pfflP square metre surface area were then calculated* The esti^

mated values were tiwn compared with the results obtained by

using tha formula© of other workers* The relationship between

heat production p€MP day per sq*ou of surface area and surface

area was plotted out* The relationship between Calorloa of

heat produoti<M> per day per kg body weight and body weight

was also plotted*
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RSaUIiTS

The mean valuee £or the moasured total body sur£aiee

area and the areas o£ individual regions are given in

table zzi«l«

The correlation between tho measured total body surface

area and tho measured surface area o£ individual regions is

given in table XXX*2* The higtiest correlation (ra0»90) vas

with the area of tho fore-limb* All possible combinations

were tried# using tho idLghly corrolated areas# to establish

prediction equations* Table xix*3 gives tho bost possible

prediction equations to determine the total body surface area

from the areas of regions# The nteaeured surface area and the

surface area estimated by the different models suggested are

presented in table izx»4«

Table XII-5 gives prediction equations for estimating

eurfaee area from body weight# and surffaea area from both

body weight and the height at shoulder# Between the two

P®®dlction equati<vi[S suggested# the one incorporating

body weight and height at shoulder was caoaldoEed more rellablo

(R^«0.a7) and reasonable* Tablo III,6 presents tho data on

the maasured surface area# surface area estimated with the

two prediction equationa suggested and ths calculated surface

area using the conventional Banedicb's modification of rie«h*s

formula#



Tatae XIZ«1

2

Measured bod^ surface aroa and the areas of individual reglooa (m )

Paranetera Bean ± s^E»

1. f^sured surface area Kb?) 20*09 + 1*01

2« Body area (Ba) <ra^> ^*28 ♦ 0*32
3« Mo^ area (RM (ni^> ±^*25

4. Hlnd-llinb area (bca) 4*70 ± 0*25

5# Fore-ljteto area (PWv) (m®> 5»06 + 0*32

6. Trunk area <TA) (a^) 1*03 + 0#07

7- Tall area (tla) (a^> 1 ̂*0^

8* f^oee-head area (PHA) <a®) + 0.05
9* Bar ares (SA) <«?> 0-42 i, 0.03

10. Petlneal area (P^) <ra^) ^

w



Table XII«2

CorrelatloQ niatrlx

Total bo^
surface

m

Body-
area

(BX)
JZ

Hecic

area

CHft)

Hlad-rliadb For^llBfla TruriX
ar^ area area

CHIA) <PSA) (TA)
.2
m m

Tall
area

(TLA)

VI?

Fore-head Bar area Perlneal
i^FH) (i») area^<PA)
w me

1  0*8394 0*S366 0.6790 0.9018 0.7166 0.01249 0.5611 0-6702 0.3077

1  0*8118 0.5779 0*5950 0.5430 -0.0338 0.41X3 0*6039 0.1077

% 6.S667 0*6966 0.5238 0.1078 0.3761 0.4260 0.1388

1 0.6498 0.6255 -0.1028 0*4973 0.6273 0.40S7

% 0*5880 -0*0917 0.4564 0.4574 0.4744

1 0*0365 0.4804 0*6709 0.06605

1 -0.1250 O.0244 .0.1442

1 0*5888 -0.00038

1 -0.1137

1

ut



Table XIX.3

eqpiatlons i&r eon^tttXog total body surface area in Indian olephants

f«odeX tlo« Prediction equations
rtiltiple
oonrelation
coefficient

1

2

3

4

S m (1^3712 ♦ X.772 HIA ♦ i.2U7 FI;A>-0«2304

« « (U474a BA ♦ l«9236 FLA) ♦ 1.0472

S « (X.5&43 BA •)- 2.3773 m.A)*0.9043

S « (3.3995 HA * 2*3976 HLA) * 4*0tS7

0.9S

0*96

0*94

0.94

s « total body surfa^ area in m'

BA m body area in a®
2

HA m neck area in a

FLA w fCTOoliiBb ac^ in

fSA » hiad»liiaib area in

2



Tablfi ZXX«4

•5

nmnmd ted? surfaee area and tho bod? sorfaee erea (m*) estiseted using the
di££<Mnt mo^la sugg^ted

Measured body
surface area

(m^)

ModOl-1

(m^)
Model-2

(It?)
»oael»3

(m®)
Model-4

(IT?)

X 2 3 4 5 6

1 20*40 20.41 21.16 19.73 19.18

3 17.97 19.04 17.94 21.47 16.06

3 15*31 15.74 15*60 13.68 16*90

4 15.32 15.93 16.01 16.02 16.15

S 16.40 18.50 13.92 18.27 17.34

4 31.11 20.95 21.14 20*50 21.56

7 20.33 20.11 13.32 21.89 22.74

S 30.30 20.33 20.55 19,66 20.48

9 13.47 17.04 17.43 16.41 16.93

10 23.33 28.05 27.91 26.41 27.36

11 25.39 26.02 26.74 24.57 23.15

12 31.47 31.64 31.47 30.91 31*68

13 12.2 13.07 13.97 12.68 12.07

U 13.02 11.45 12.52 11.11 12.34

(continued) w



Tabl« ZZZ.4 coatinuad

1 2 3 4 5 6

15 13.25 17.35 17.36 17.75 18.48

15 21.76 21.64 21.06 21.32 22.49

17 26.44 26.11 24.89 27.59 26.58

18 K3.90 21.89 21.62 21.61 20.92

19 13.64 18.94 18.30 19.35 ^.60

S) 17.84 17.95 17.95 18.15 18.60

21 22.03 20.39 20.98 21.38 21.08

22 18.95 18.91 19.10 18.81 19.25

20.09 20.09 20.04 :^.09 20.09

♦ 4- ♦ 4 4-

S<«8« 1.01 1.00 0,96 0.96 0.98

Coe££lcleat
of variation

23.64 23.38 22.33 22.39 22.94

o»
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Tabie IIZ*6

nshmxe^A and estimated surface area in Indian eXepbants

QU
tio«

iteasQKed
surface

area

Model-5 Modol-6

Benedict's
modification

of Meeh's
fonmila

s - 0.1

<in^>

% 2 3 4 5

X 20.48 21.81 22.38 20.92

2 17.97 18.63 16.35 17.88

2 15.31 15.92 16.23 15.29

4 15.32 13.76 14.35 13.22

S 18.40 17.08 18.06 16.40

4 21.11 21.:^ 21.42 20.41
«

20.83 20.46 21.64 19*68
t

S 20.30 21.01 21.91 20.15

9 16.47 16.2Q 17.06 15.55

W 28.82 25.45 27.28 24.30

XI 25.39 20.90 27.52 25.78

12 31.47 22.17 23.54 21.26

13 12.20 12.40 12.69 11.91

14 13.02 13.98 12.73 13.42

o

(«3ntinued)
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Table ZXZ,7

Bo% weight, roeasurod surface area and the ostlraated beat production per kg body
weight and per square metre bot^ surfaca using Bro(^*8 fonoola

sx.
nom

Body weight
(tg)

Meamtred body
surface area

is?)

Eatiroatod heat
production

CalorieVday/
kg body weight

Batimated beat
production

Calories/day/
sqpare metre
surface area

X 2 3 4 5

1 3025 20^48 8.36 1235.13

2 2390 17,97 8.90 1134.09

3 1890 15.31 9.48 1169.87

4 1S20 15.32 10.04 996,28

S 2100 18.40 9.21 1051.67

6 2915 21.11 8*44 1166.13

f 2750 20.83 8.56 1132.32

a 2360 ^.30 8.49 1195.82

9 1940 14.47 9.41 1108.52

10 3810 28.82 7.86 1039.67

11 4140 25.39 7.69 1254.31

12 3100 31.47 8.31 818,37

13 1300 12.20 10.46 1115.49

14 1555 13.02 9,98 1192.09
8

(contlxajed)



X1X.7

IS 2740 16.25 8*56 1283*95

16 2600 21*76 8*71 1040.21

17 3950 36.44 7.79 1163*6?

18 2840 20*90 a.so 1155.52

18 2380 10*64 8*91 1138*02

20 2790 17*64 8,54 1336*10

21 3330 22»<X) 3*15 1229*28

22 3140 18*95 8*28 1372.04

Mean 2663,86 ^•09 S.itt 1153.80
4- 4-

4m X X
a.E. 163»C» 1*01 0*16 25.66

Coefficient
of variation 26*50 23*64 6*42 10.43

M
»>*
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rig« III.It Relationship o£ body surface to body
«ei9^t in Indi an elephants



T
1
 
-«

t- X <9 i >
.

0 o n

\ ? -0

1
0
5
 -

f
O
 _

-3 u 2 0 f u 3 Q 0 nr a u X k 0 X h 1 < o o j

0
*
9
5
 -

o-
sJ

0
-
«
5
 -

o
-
S s
-
o

3
-
1

3
'
a

T
3
-
3
 

J
-
.
4
 

3
-
5

_
 
L
O
d
A
K
I
T
H
M
 
0
1
^
 B
O
D
X
 W
E
I
S
H
T
 (
 l<
s)

3
S

3
-
r



53

Pi0» Xlt,2i Baaal Rtttabollsm par day fjoar Ttg bo^
weight o£ Indian olephante
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Pig. Basal rnotobollsin i?or day per
sur£a30 airoa o£ Indian alc^ihants
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Zr£sn, 1967| KanotaJ arvd Cornelius* 1970j Schaltn al..» 197S|

Swenaon* 1977 and Benjamin* 1978)i cat (5*4 to 7*58 g/dli

Swenson* 1977| and Bcmjamin* 1978) i goat (6.0 to 7.9 g/di|

MlHson 23;, 19601 icanoko and Cornelius, 1970» Vorma and

Tyagi, 1974| schalm Swonoon, 1977 and Denjwnin,

1978)8 ehoop (5.38 to 7.9 o^dlf Kaneko and Cornelius, 1970t

Schalm 23^ gj^.* 1975} Swenson, 1977 and Benjamin, 1973) i

cattle (6.42 to 10.2 g/dlt t*abouche» 19643 Zr£an, 19678

Kaneko and Comolius* 1970| Payne aj^.* 1973| Turabloson

gjL.* 19738 Dogin gt 19778 Swenson, 1977 and Benjamin*

1978).

t9o in£luenoe o£ sex or age could be detected in this

8tu^« This is contrary to the £indings o£ Nirmalan and

Hair (1971) vho observed a signiticant di£fierence in the

level o£ total plasms protein between the baby elephants and

eduits. Brown gg (1978) failed to observe any difference

^ the total protein cont®at attributable to the influence

eo©» oex, location or season in Africaii elephants.

serum albumin content in the present work ranged

a,07 ̂  0.09 g/dl In adtilt male elephants to 3.17 j; '
0.18 g/dl in adult female elO£tents. Albumin level In Indian

elephants had been reported rang© from l.SO to 3.62 g/dl

(Andr0wi::ftitter» 19718 Hlrmalan and Hair* 1971 and Moses and

^^^^peialfirishnan, 1979). Brown ot (1978) reported the
elhuraln level in A£rican elephants to vary from 3,42 to

^*10 g/dl. The level o£ serum albumin had been reported
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3.B2 + 0.43 g/dl. Ho InfiHaonco of ago or sex could bo

detected In the distribution of globulin among the three

groiQ>s of elephants studied. A higher globulin level in

the serum of baby elephants due to tholr exposure to si^

clinical Infections. thCMi^ antlcix>atod. was not appartoit

in the present study (p>0t05). serum globulin content

reported in other spocles ranged from 2.64 to 4.15 g/dl In

horse (RaneHo and Cornelius, 1970| Jeffcott, 1974s swensoa.

1977 and Benjamin. 1973). from 3.13 to 6.43 g/dl in pig

<Kano}QO and Comollus. 19708 Baota and ttengollno. .1971|

Tumbleson and Kallsh. 1971| Swenson. 1977 and T)<»\jamin.

1978), from 2.16 to 4.40 g/dl in dog (Kanebo end Cornelius.

1970| svenaon, 1977 end aenjemln. 1973). from 2.60 to 4.60 g/dl

in goat (Mlllson 1960t Kaneloo and Cornelius. 1970|

swonson. 1977 and laenjamln, 1978), from 2.31 to 5.70 g/dl

In sheep (Kaneteo and Comolius. 1970b iSwonson, 1977 and

®«ajBialn, 1973), and from 3 to 6.21 g/dl in cattle (s^abouche,

^®64| Zrfan. 1967| KaneHo and Cornelius, 1970| Payne

Tiaribloaon Bogin £& 1977| swenaon,
197? and a^jajnin, ma).

albumlniglobulin ratio <Vg ratio) in the pteewit
study varied f^om 0.46 x in baby elephants to 0.35 x
0»05 In adult mole elophsata. In earlier findings, albienlni
W-ofculin ratio had boon reported to vary from 0.21 to 0.06
^^ndrowtootter, lotii lUmalan and ilalr, 1971 and tiosoa and
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Among tiho feransarnlnosoa# sotum gXut^amlc oxaloacotlc

tranoamlnase (QGOTi sspartate andnotronoeeraoQ) and aorum

glutarolo pyruvlc tronaerulnaoo alanino a'^^otranoCoraa®)

are o£ prl-rso linportancQ. The hlghoat concontrafclon o£ GOT

ia In rauaelQ colXs* with slightly loooor omomts in livor

and heart fsusclos* ciutotrde oxaloacetic trsneamlnosQ la not

organ*8pGci£ie» Lessor amounts are found in many other

tissues like 3Udney» pancreeo* brain and erythrocytes*

Analgesics* antibiotics* corticostoroids and oostrogeno are

knoun to incroase the level o£ GOT in aorum, Ldpaemla and

haemolysis intor£ere with securate determination o£ SGOT.

The activity o£ scot decreases with an incroase in ten^^era-*

ture. !iusculer damage inoroases the level in serum by

ton»£old« In acute livor damage* myooardlal in£arction»

Intestinal ooti^lioation and septicaemia* an increase in got

level in serum had been reported* Cornelius sSk fil* <1959) ■

Wroblowskl (1959), Buck ̂  (IQSD* surgilgen and Ruthsar

(1962)* Batfea ̂  (1964), Cardlnet (1967), Coodley

(1970), Kaneko and Comeliue (1970) and Benjamin (1973) have

"^^portod on the clinical significance of transaminases,

Since ail the major tissues contain high concentrations of

got, a significant elevation in sgot cannot bo ascrlbod to

any opeeifilo organ damage.

The high lovolo of gpt found in tlie hopatocytes in

liver ofi dogs, cats and primates raaJfios it apecl£lc £or
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h^tocolXular daniQQG In thoao siaoeles (Comalius ̂  >

19591 Buck SS al## 19611 tiotta ot 1964# Cooclloy* 1970|

Kaooko and Cornollus* 1970 and Donjaniln» 1970).

Very Xlttle GPT lo present In the hepatic tissues ofi

torse, cattle, stoop and ply and so Its clinical itt(portanco

In ttose spoeios la not hlyh# Very low concentrations of

ate found in othsr tissues*

An Increase In tto value of sgpt Is ijndloatlve of tootle

cell damage but hepatic necrosis is ikot necessary for tto

elevation of sgpt, since alterations in cell membrane

permeability can result in loa]:age of this cytoplasmio ensyt^

into tto blood* totmal to moderate elevation is seen in

hypothytoidlsmii diabetes mollituo and neoplasms of tto liver*

Table vzz*l gives tto soot and sopt levels in elephants and

aoms other species*

lUactic deltrdrogenaae <u:>H) is located in body tissues

that utilize glucose for energy* Because of its high

eoncentratit^ in many tissues* It is not organ-specific*

tod so isoezusyme analysis is essential* The blood ldh-1

tod UDH-2 levels increase in cardiac and renal damages while

WiUZ increases in lung disorders* Zn skeletal imtacle

involvement there is an increase in tto blood level of

end bDil-5 fractions* Sexrusn IDIJ la elevated in many processes

in Which there is coll necrosis faut* because of tto ublt|uitous

dlatribution of the eneymo, it cannot be conoidered specific





TsOsXe vzx*x continiied

1 2 3 4 S 6 7 8

Horse «s mm 33*24 1-6.7 41-104

43-242

29-172 8-53

Benjamin (1978)

Benjamin (1978)

Benjamin (1973)

Pig •
m 14.93^.77 13.10+3.74 <—

- Comeiiua ̂  s2k* (1^59)

24 mi 46^X8 25+7.0 199+06 Zimmerman §Si Sk*

Pig 12 19«7e^*16 6«9S^i.67 - - Hixraalan and Nair (1969)

Pig m mm 13*92 m
- <3 Kanelfio and cemeXlus

(1970)

Rig m 3.2*21.6 9-17 96-160 9m QGnJamln (1978)

VOQ mm- 10.g02,2«6 10.46+2.98 - -
com£3iius ̂  (1959)

Dog 24 15+3 10+2 38+8 - Timmsemon (1965)

Oog
-

m 1.44*38.4 2.4-24 - - Vanvieet and Alberts

(1963)

Dag 12 8.27+2.S1 5.86+1.84 -
tm Hirmalan and Malr (1969)

fiog
-

<19.2 <14.4 -
9m Kaneloo and Cornelius

(1970)

Dog 9m «» 9.6*23.04 2.4-11.04 - -
KaoeHo and Cornelius

(1970)

Dog - 12.9^,11 8.64+1.1 «e
- Xanebo and Cornelius

(1970)

(continued)



Ttfbld VXZ..I confeinosa

1 2 3 4 5 6 7 8

Dog • • lSi3 4*3-16 • «. XSasce^ (1971)

Dag -
m 4«S»19.2 -

m Dunavant ̂  sL* (^^74)

Dog
•

tm 6.2^1*3 4,3-24 10-35 - Benjamin (1978)

Cat 10 <•> 23ii 95+45 - ZiREnesman e^ (1965)

Cat a» ■  - 9,l2i2.30 7.49+4.75 - - Kaneko and Damelliis

(1970)

Cot 414 1.7-14 16-69 0,4-3.4 B^jamln (1973)

Goat 4 4» X9«0
(1%'20)

5,0
<4-6)

176
(133.198)

«a ziramerman ^.(1965)

Goat mt 4pr 43-132 7-24 31-99 - Benjamin (197S)

Ooot 4B m
- 14-62 Gamier gl, (1984)

Sheei? 102 . - 40»8
(25«92-61«44>

4.03
(0,24-9,12)

- BueJcG]^^. (1961)

Sb&ep 4S 62 ♦ 28 9 + 2 302+58
- zisKDOtman gl* (1965)

flhaap - - 3S.S6+^«53 8,3^3,45 m <— Kanolflo and Cornelius

(1970)

3iJ/S9p -
4ia 45.6i;2,93 GO

- • Kaooko ond Comolius
(1970)

Stiotp
•

58*7C^2«45
•• •• Kaneko and Comolius

(1970) »-•
CO
ct

(conttmied)



Table VIX«1 continuod

1 2 3 4 5 6 7 8

Sbeep
-

«• 78,72^11.04 11.14;^.86 - Kaneko and Cornelius
(1970)

Steep 39-47 2.94^.77 - 6.3-1.7 Dcmar (1971)

Sbe^ - 79+11 11+1 60-111 - Beniainln (1978)

1^£3lO te Faciale 34.00+2.16 7.68+1.14
- - Singh (1972)

Buffalo Male 34.32+3*82 7.2+1.03
- -

Sinc^ (1972)

Buffalo m- «• 35.13+2.21 8.81+1.10 ..
- Pyxie and Maitxa (1983)

Cattle •m 21.02+2.74 9.46+6.05 - Cocoellus Sk al.C1059)

Cattle 10 «»' 34*08
<24m43«68>

12*19
<7.68-14.88)

tm
- Buck ̂  (1961)

Cattle
-

Male 23.66 14.39, - RooBoel and

.Stallcup (1965)

Cattle 100 Feraale SS+12 15^ 473^7
-

zlmormon al. (1965)

Cattle 13 «i» 22.23+3.49 7.5^1.07 - - nimalan ond Holr (1969)

Cattle '«■» ee
• - 778.08 te prasse (1969)

Cattle - 81.41+1.54 20.74^,34 - - Kanebo and ComcXlua
(1970)

Cattle m 11.52^^.16 11.57+2.4 — K^olco £ff2d Cornelius
(1970)

(continued) M
Ok



Tal3l0 vlZml conti-mioS

3 4 6 e 8

Cattle 11-34 3.9-29

Cattle Fenele 21.12+X»38 3.58+0.79

Cattle a* Male 21.^3.50 8.SS+1.08

Cattle
- Female 22.33^3«53 8.04^.92

Cai^la wm Female 2Q»4l3-0 3.52+1*49

Cattle
- Male 21.12+1*41 9.12+1.09

Cattle 4i»
- 17.2Sf^5.6 8.7S+1*23

Cattle - 20-34 4-11

Cattle m
-

•
-

Cattle m «• ee *

176~36S

217-420

326-517

0.87 DOBBBf <1971)

-  sin^ (1972)

-  Singh (1972)

-  Singh ̂  (1972)

-  Singh ̂  ai* (1972)

SJUagn ssi Sk" <1972)

-  Dunavant ̂  (1974)

«» Benjaain (1978)

-  Bffljjaraln (1978)

3-SO Besijanln (1978)

Reailta aqarossed in othor units have been converted to l»u«/L as per the method
siggested hy Beoi^oln (1978)

to
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for any tlsouo or patliogSBnoraonlc for any si^Qelflc condition.

Tloouo-BpoclClc Isoonaymoa era helpful in Identifying the

tleoue of origin. Malignant neoplaeme* leukaemia and

haetnolyaia cauaee a rleo in U>H levelo In blood. Bxoitomeait

and anxiety can contribute to an elevated serum IjDH level.

Zt haa been ohown that oxalates inhibit LDM. The normal

levels reported in sono spocioa are tabulated in table VZZ.l.

Creatine phoophoianaoo (cpk) 1q found primarily in the

ekeletal fnusele* cardiac muscle and brain, xt ie absent In

liver. Sex or age is not knoun to exert az^ Influence*

itJWQvorc hlghar lovols are re^^rtod In males than In fomalea.

The CPK activity was found to rloo in blood within a few

hours after the onset of myocardial infarction eyn^ptomea

reaching the pc3ak in 30 hours and eubalding to normal in

two to four days. This suggests that serum Qpk is a sensitive

indicator of myocardial ischaomia and sub*ondocardial

^forction. A negligible increase has been reportod In

P*ilraonery ombcAisin. In hypothycoidism« the level of cpk

rioQB in blood. Zt Is also soon that in cerebrovasculG*

diseases serum cpk levels are abnormally high. Anxiety and

osaottemont are capalslo of incroaolng the CPK lovols in blood.

The CPK levels rs^xMrted In llterattue are ijresonted in

table vn.i.

In the present study« normal aotlvitios of glutamio

®*aloQcotlc transaninaao, glutaralc pyruvic transamlnaae.

^dotlo d^r^rogonaao and croatlne s^sphoklnaoo have been
®®®®y®d in Indian elephants.
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I4ATBRZ^LS A£ID HSTIIODS

niooA essnploa vore oolloctod ixom £ivo baby oXop^iantSt

10 adult molQ elophante and 13 adult fonalo elophonta

tvida cbaptcu: IV). Tha aniinals worei all eUnically boaltl^

and maintained undar ideatloal nutritional nagline^ Blood

san^los wars colleotod In oloan glass tubes and the

separated serum viaa Hept at till the assay*

The metliode o£ Reitman and Franloel* as givoi by

King (1905) p wore fiollowed £or estimatlag SGor and SGPT*

using *Transetfninase To^ Kite* o£ oeorus CGorporatioa

(Boajb^p India)*

■x^ Test Kit* o£ span Diagnostics (Private) Limited

(surat* India) was omployod in the ostimation o£ U3n« using
the method o£ King (1905)*

•The soruffl cpk level was aoaaor®^ adopting the method o£

Hughes (1902), 'CPK Test Kit* o£ sx>an Dlagnootica (Private)

xJimlted (Surat, India) ima uoed £or this assay*

The statistical signiSicanoe o£ the mean values was-^'

tasted by student's % test (snedoowr and Coohran, 1967)*
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RBSOl/rS

Table VI1»3 i^coaenta data £or GOT» GPTt U3H and cpk

levels In eora o£ baby olos^ianta# adult male and adult

female elephants, m Influence of 9C» or age could be

detected In the values for any of the parameters studied*

Moan values for UX5 and CPK In adult males, thou^ higher

than In baby elephants, wore not significantly different

statistically <p>O.OS)*

The raw data have been presented in annexures 21 to 24*

. ^
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TebXo vxz«a

of certain aesua ̂ izyiaes in el^barAe*

Conatltuant Baby
elf^phants

Adult male
elephants

Adult female
el^hants

Sororo QlAjtamlc osaloacstlc
transan^yaaso (i«u*/I) l0.18i3.8{S) 15.6^2.7(10) 18.46+3.4(13)

Serum glutooie pyruvie
tranaaminaae <i*tt«/i) S.644p.a5C4) 4.7S4p.54<lO) 4.93jp.49(ia)

Lactic d^^^dcogonase
U^u^/U ^•67i90.04C3) 468.73^5.14(8) 398.75+77.90(4)

Cteatine phcs^mlcinasa
<i.u^i) 30,a^l2.0(5) 51.21+7.4(8) 43.80+12.0(3)

Figures in x;>EUD^thesis indticate the ouinEber o£ animals

♦ Mean ♦ s,E*

u>
M
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DISCUSSION

Cansl<terable difficulty is e^tperioncod in maJeino

meaning£ul cotnparioona betwo^ tlie plasma/sorum enssyina

aetivltiee obtained in di££GX«mt studies due to diffem^s

in the methodolpcjy aoad units sn^loyed* In table vxi,l tba

aotivitios of serum onsymes in elephants and other species

of anifnals reported by earlier trorbors ha:ve boon presented*

Values have been «q>re39ed in international Units <i.u./l>

and Where needed* results of sttidiea in other units have

been oonvertod to l*u»/l as detailed out by Dcoijsnin (197d>*

This was done to ensure effective reasonable comparlGon*

The SOOT levels in elephants were found to vary from

10*18 ± 3*3 i*u«A In the case of baby ele^aants to 18*46 *

2«4 i*u*A in adult fomal^* The soo? activity in adults

seemed to be higher compared to baby ol^^hants but the

diffesence was not statistically aignlfioant* No influence

of age or sex could be detected in the sgot levels* The

SOOT levels in Indian aiepiTanto had been reported to vary

from 4*22 to 23 i*u«/l iUismalan and Nair* 1869 and Grown

and White* 1930)* Brown and white (1930) reported the mean

SGOT level in African elephants as 20 i«u*/l whioh was higher

than the observed value in the present stu^* The serum

SOOT levels in Indian elephants were similar to those

reported in literature in pigs (8*2 to 46 i*u*/l» comoUus

S6k Skf^* 19591 niniTterman ̂  196S} Niam^alan and tiair*

19691 KanelflO and Cornelius* 1970 and oenjomin* 1978) * in
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doQ3 (1.44 to 38.4 i.u.As ComoUus ^®S9| Slnroerman

ai., 19651 VanVloot and Mborta* 1968t £?lmalan and Halr»

1969t K^aeKo and ComoXlua* 1970# ooafloy* 1971# Dunavant

19741 Donjamln# 1978), In cata (6.7 to 33 l.u./li /toiornan

et al.. 19651 KanaloJ and ComoXlus* 1970| D®fijamln, 1978)* In

ooata (17 to 32 l.u./Xi Slrarosman 19SS| Bonjamln*

1978) and In cattle <11.0 to 45.6 X.u./l# CornoUuo ̂

19S9I BucH Sk aoussol fjnd stallcup* 1965#

Etenacman sk* • ulmalan and Nalr, 1969| Kane5» and

comaliiia* 1970# oojoay* 1971# 1972# Dunavant

1974# and Benjaitvtn, 1973). Houover, U^e SCOT activity

In tha present work was found to be lower than those reported

In tursee <20.8 to U5«2 l*u*/li Cornelius ̂ ak*» ̂ 959#

alramorraan gfe si..» 1963# Kanoko and ComoUus, 1910# Doxey,

1971# mmavant g|^.* 1974# and Benjamin* 1970), In Sheep

<25.92 to 79 1.U./1S auek gJi gi.# 1961# slRsnerman gfc gL»»

1965# KanoXD and ComeUus* 1970# Doeeay* 1971 and Benjamin*

1973) and In buffaloes <34.03 to 3S.13 i.u./li Singh gg gj.**

1972 and pyno and rtoitra* 1932). Sato and vaXlenaa (1962)

reported higher SGOT levels la young Thoroughbred horaes

as compared to adult ones. According to singh gg gg« (1972)

cattle foiled to e^dilblt any significant Influence of age

in 3G0T While notta gg gg. <1964) reported breed dlfforoncos.

Xn the present study, however, the adults had a higher value

than the baby ele^rfaants, but It was not statistically signi
ficant. i«3<3ordlng to coodley (1970) phyalcal stress can
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result In Glovatod sgot levols. The MQlier value In aclult

eler];:liants« though noD-8ignl£loant« could £»reriasbly be due to

the routlno physical stress they are subjected to

the work o£ hauling and piling of timber*

Tho SGPT lovol In Indian elophanto ranged frem 4*75 +

0*54 l«u«/l In adult males to 5.64 ̂  O.OS l*u*/l In baby

elofdiants* The sensn levels In baby elephants* adult male

elephants and adult female elephants were similar revealing

the absence of az^ Influence of sex or age* '3^ values

obtained In ths j^sent work were In agreemant with the

reported values for sgpt in Indian elephants (1*73 to

11*0 l*u*/lt tzirmalan and tTalr* 1969| Brown and ̂ mite* 1980)*

African elephants had a lower sgpt level <3*0 l*u*/lt Brown

and White. 1930) than that observed In this study* The sopt

levels In elephants wore In oloae ̂ reenvsnt with the reported

values in horses <l to 6*7 l«u*/l| comelizis 1959|

Zimmermen ̂  fii*» 1963| Kaneko and comsllus, 1970| Doxey*

1971 and Beniamln* 1978)* In dogs (2.4 to 14*4 l.u*/l|

Cornelius 1959| Zimmerman ̂  l96St vanvieet and

Alberts* 1968| Wlzmalan and nalr* 1969} Kaneko and Comelliis*

19901 ooxoy* 1971 and Benjamin, 1978)* In eats (1.7 to

18 l.u#/lf ^Immscm^ et al** 196S| Kaneko and Cornelius* 1970

and BemJaraiB, 1978), in goats (4 to 24 l*u./li zirameman ak* *

19651 and Benjamto* 1978) * in sheep (0.34 to 11.14 l.u./l|

Budk sfi slmmerman sSk 19AS| Kaneko and

CocneXius# I'TOi Ooxay, 1971 and Benjamin* 1970) and In
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cattXo <3*9 to 29 comolius 1959| Duck

19&1I nouasel and stallcup* 19d5| ̂ inn^rman

X965f lUsmaXan and Hair* 1969| Kaneko and ComeXius* 1970t

X30May« 1971f Singh SkJtk** ^9?2t EHinavant. 1974 and

Benjemlnt 1973). Tlie sgpt levsls In plga (9 to 2S i«u./ls

Comoliua ̂  1959t sinsrieman ̂  1965i tfimaalan

and 1969 and Benjamin* 1978) and in buffaloes (7.2 to

8«81 i»u*/li v'Singh ^4» 1972 and Pyne and Maitra* 1983)

wese found to be higher than the valuoe observed in the

inresent atiu^*

The serum UOil level in Indian elephants ranged from

366,67 i 90.64 l.u./i In baby elephants to 468.75+55.14 l.u./l

in adult female elephants, ho sionlficant differences could

l3e observed between the baby elephants and adult ele^^iants

ond between the adult males and adult females. Brotm and

White (1980) reported the u»i level in serum of Indian

elephants <525 i«u«/l)« The serum level of bDH is known to

increase during muoole trauma and dtiring lysis of orythrocytao.

If the blood oaroplas had be^ collected from animals s^not

dead* the level of the ensyma is, thus* bound to bo hl^u

According to Codaseo (1974)* anxiety and agitation

elevated the serum level in horses. The higher values

(.^ported by Brown and white (igso) could be probably due to

these reasons. Moreover* the presence of inhibitors or

potentlators of the activity of an cmsyme or tiie differences

in the kinetic properties of isoonsymaa from diffemat souroes
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mlQht modify the roeasurad level (Ooyd. 1962). The levels

cMstalziod In the piresent w>tk vxsre in agceement with ths

sensn WH lovola reported in oattlo (176 to 778 i*u*/ls

ssinmerrnsn ̂  » 1965| Praeso, 19G9t and Benjamin* 1978) *

The levels in other spociea like horse <29 to 242 i«a*/l)»

pig <96 to 199 i«u«/l}« dog (10-38 i.u*/l)* cat (16 to

95 i.u.A>» yoat (31 to 193 i«u*/l) and sheep <60 to 302 i.u.A)

(Zinmsnnan Benjamin* 1978) were lower than

the mean values obtained in this study* The serum t<DH level

was found to be higher in young lambs than in adults

(PerseOhino ̂  silt** 1^73} and Beatty and Ooofioy* 1984)*

The data gathered during the present stud^ revealed

a lower level* though n«>-slgnl£Jcant* in bafcy elephants

than adults* since EjOH is present in many tlsauoo* analysis

of isoenaymo levels are noeded for reliable diagnosis as to

the spaoifie tissue of damage*
*  • 1

The serum Opk level in Indian elephants in the presont

study varied from 30*38 + 12*0 l*u*/l in baby elt^hanta to

51*27 + 7*4 i*u*/l in adult male elephants* sex or age had

no effect on the CPK level# Sarown and white <1980) reported

the valuos for CPK level in Indian oloidianta (153 i*a./l)

and in African elephants <114 i«u*/l}« The value obtained

in the present study is lower than those reported* It may

be mentioned that muscle trauma could load to Cpk releaae

(coodiey* WTOi Benjamin* 1978)* sacupiQs collected from
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elephants shot dead arot thus* pcone to contain elevated

CPK levels* Besides* anxiety and OMsiteerKxtt is established

to increase the CPK level (Codaaiao 1974). The values

obtained in the preset etu% were similar to the values

reported in species libs horse (1*3 to 53 l*u*/lt Cardinet

at ai*# 1957| Doacey* 1971 and Sonjamin* 1978). ©oat (14 to

62 i«u*/lt Gamier at ai,*» and cattle (0.87-50 i.u./li

DQ»ey. 1971 and Denjaroin. 1973) • The serum CPK levels in

dogs <0*2 to 3*6 l.u*/lt Benjamin. 1973), in sheep (0.3 to

1.7 i.u./li txwoay, 1971). end in eats (0.4 to 3.4 i.u./l|

Benjamin* 1978) were for below the level reported in tha

present otutf^. Coodloy (1970) reported a lower level ofi

serum CPK in £emalea than males. In the ̂ xresent study too

the adult inale elephants shouad a higher cpk levea. even

though the di££eronce was not significant statistically.

Cardinet st (1967) repor^ significant age and sex

variatl<xv9 in CPK levels in dogs with higher values In young

ones and males*

In g^ieral* the source and physiologic significance of

the ̂ koymes found in the Mood plasma/serum of normal animals

Qgo oven now imcertain. These onsymes have bsssi oonsidored

to represent tZm products of disintegration of coils under

going normal "wasr and tear*. Had that been the case* the

ioveis individual encsymes in each species would tend to

paralXol ^ ® greater <teorae than what is
observod. The obeerwatione that IntraooXlttlsr eneymea may
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be raXeased firora intaet oelXs suggests the alternate

posalblXXty that the souroe o£ the eerun enayrnes in nocmaX

aniinala be normal non-disruptod coXls* It would eeera

more reasonablo to infer that the serum levels o£ oneyrnss

in normal animals relate to other factors in addition to

the rate of "turnover* of cells* Those may include the

molecular nature of the respective onsyme protoin* the

charactoristics of the coll raembranes and perhaps other

factors* iSaeth of these factors may be presumed to be

species dependent* The species differences in the concentra

tion of an oneyme in the tissue of origin may determine at

least in part* differences in the serum levels of that ensyme

in normal animals* Tlie relative levels of various ensymss

In the sera of different onlmala can be inferred only

approximately from the measured activities* since they

reflect only in part the concentration of enzyme protein*

The available evJUIence suggests that most eneymes

originated at an early stage in evolution and that adaptive

variations of animals and formatlcm of new species are

{^pom^nt on the ovolutitni of the control mechanism* At

^1)0 same time* the potential ii^ch on organism possesses for

jj^^pXloation of its goncs and dlvarslfication of the

distribution of its oneyraes is a raeasuro of its fitness to

survive in an «wironK»ent tAiich may undergo gradual or

sutSdsn and radical change as a result of human interfertwwe
M mil ae naturaX calamlUoa.
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Mzmaua* status of imixtM ctsPHAmis

limOSUCTXOIf A»D RGVZBH

Serum or plasma is normally proSerrodl over whole

blood for analysis of minorals slnpo variations in tha

number or the siea of erythrocytea aro Imown to greatly

altor the levels*

Hsintenanoe of optimal level of sodium, the ohlef

cation of plasma, is of paramoimt importance beoaiise of

its role in osmotic pressure, acid-boso balance, nouramuaoular

irritability, cellular permaabllity and oneyma activation,

m tba tcopieal working animal, the level is bound to be

low, duo to sweating and the poor oontent of sodium in

Values for plasma/serum sodium levels, oollectad

from literature, are given in table vzxi,!.
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Potasolxtm Is tha IntraooIltOaxr cation and it plays a

very Iraportant part# aXon^ with sodium, in tha malntonanc©

of QCid-bttse equiiibrlura, osmotic preosure, nerve trans-

mission and Gnsyiao Kinetics, rialntenanoo o£ proper potassium

concentration in the axtracolXulor £Xuid is essentlaX,

particularly for proper fiunotioiilng of heart, fttgh

concentration o£ potassium causos widespread Intracardlac

bXoOK, low conc^tration impairs tha coatraotillty

o£ th3 haart muaoXos* Literature values for serum potassium

are furnlohod in table vzxx.X*

M30Ut 99 per o^t o£ the body calcium is seen in tlie

sKeloton and teeth and tha remaining I per cent is widely

distrihuted in cells and tissue £luids. Caldifin is £Ound

In plasma as free ion, as protein-bound and as a complejc.

The dt££uaible ionised £orm ie the ps^dologlcally active

£orm. Calcium present in bone is not static hut is involved

in continuous and very rapid Interchange toetwaon blood end

tissue fluids. Parathyroid horraono and calcitonin play

vital roles in maintaining tha blood calcium lovol within

normal limits. Optimal ratio of calciim end phosphorus

as well as the xovol o£ vitamin D influences calcium
^OBOtptioat Msldlo madlum awJ protoln content eS the
aiet favour the abeorptlon of calcium, »«»Uo the same la
InMhltad by fat. l^Wtatea amJ o»alotae. Calolwa la well

tc influence eevereX In^rtant proceeeee Ute
neuronuacular irrltablUty. c.Uui«
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pecmaabiXity ana aclcWbase balanca* Xa heavy lactafcion,

gscRffth and prognancy» there is deplotion oS calciut reseeve*

Table vzrz.l proocmts tl-te serum calcium levels In some

speeios*

Magoosium is an indlsponsablo constitucmt o£ all

living cells* About 60 per cent o£ the magnesiun o£ the

body is found in the bones* Xn blood* the magneoiuo ccntant

is very oozistant* Magnesium is distributed unequally bet^^son

the red cells and the plasma* the former having a considerably

hi^ier csancentratioa* Diffusible form accounts for 80 per cent

of the serum magnesium* While the non-diffusible fraction is

in combination with aenm protein* r^agnesium is of inportanee

in osteogenesie* in aietivation of enzymes and for neuronue-

eolar irritability* The data collected from literature for

sertm magnesium l€)vela in some species are tabulated in

t;oble viix#l*

The total iron content of the animal body varies with

species* age* e4nc* nutrition and the state of health* In

thS bod7» ^ constituent of sctveral in^portant confounds

like tiaetnoglobin* loyoglcAdn* haem onsymes* transferrin and

ferzitin* normal indlvlduaXs of many apeoies* only 30 to

40 per cent of the transforrin carries iron* the remainder
Jcnown as the latent iron-binding capacity* Serum iron,

and both total and latent iron-binding c«»aoity vary greatly
individual. o« tl- «w* uixto: pnyalologio and



T«bl« VllX.i

Reported vkla«« o£ e«rtala Mjor and trace elements In the eera of donestlcated anaala

SpWlM iMnber of Sex Agn SodiuH Potassium Caleiun Kagnesiina Iron Copper Zinc References

aninala (nol/l) (SSBOl/1) (nnol/l) (nmol/1) (^■'nol/1) (p nol/l BDl/1)

1 2 3 4 S 6 7 8 9 10 11 12

elephants IS Adult 1.72*0.17 0.90^.53 . . SiMM (1951)
(1.25^2.74)

Indian elephants 11 - Babf - - 3.04^.24 0.99^.24 - -
Kinaalan and Naix (1969}

Indian elephants 14 Kale Adult - - 2.94*0.28 1.07*0.25 - -
- Kirmalan and Hair (1969)

Indian elephants 11 Toaale Adult •, - - 3.12^.32 0.96^.24 - t - Kirmalan and Hair (1969)

elephants 2 Fenale Pregnant - 2.77+0.40 1.10+0.20 - - - Ninalan (1967)

Trt^imn elspbants S restale tectatiag - - 2.77*0.69 1.02^.32 - - Kinaalan 4-. (1967)

Indian elephants - - - 132 5.1 2.32 - -  ' - - Aodreebuttac (1971)

Indian ele^iants • 3.11+0.06 1.17+0.06 - - - Plllai (1972)
(2.69-3.39) (0.57^1.97)

Indian elephants 4 - - - • - 2.80 - - - - Ananthaeubrananle* (1979)

Indian elephants • - - 124 4.7 1.73-3.13 0.92-1^)0 - - - Brown and White (1980)

Xfrlcan elephants - - - ISO.S 5.6 - 10 - - -
Bartlea et al. (1963)

JLfriean elephants 30 Hale and 0-Sf r  125.2 6 2.19 1.51 - - tUllnan and Caxr (1970)
fanale

dfrlean elephants ■7 Hale and 0>«0 T 2.80 1.81 - - — Brown and white (1977)
faMle (2.35-3.27) (1.07-2.58)

hfrlean elephants ICS Kala and 2-40 r 136.5+5. 6 6.24+0.86 - .  - - - Brown and Whita (1979)
fankale

hfrlean elephants - • - 125-137 5.3^.4 2.19-2.91 1.53-1.84 . 20 17 - Brown and Whita (1980)

terse - - - 149
(146-152)

3.3
(2.7-3.5)

3.05
(2.8-3.35)

0.78-1.05 - - - speetor (1956)

terne M - - - - 3.09^.14 1.03^.13 •• • Lono (1961)

(eoatlnaed)



labl* Tlll.l eontin««d

10 11 12

Bon*

Bors*

Bor»*

Bors*

Bors*

Bore*

Bors*

Bors*

Horse

Horse

Hors*

Bors*

Kors*

Bors*

Pig

Pig

H9

Pig

Pia

Pig (plaa

Pig

Pig

Ho

Pig

30

a

10

13

11

3.09+0.14 1.03^.14

21.57

25.78'

27.9+6.4

29.9+7.2

19.8+1.97

(13.07-25.07)

147 4.96

(147-150) (3.94-5.88)

2.54^.25

2.62-3.49

■3 T

y

* T

I T

a M

Adnlt

4 «

pew born

6 ■

144+5 4.240.6

4.26

155 5.9
(14O-160) .(4.9-7.1)

140+4.7 6.0+0.6

143,98+4.7 S.9fM.2

141.5+4.8 8.57+0.2

3.09

3.41+0.2

0.63^.06

0.53-1.11

1.95 14.42-28.96 -

2.97+0.08

2.94+0.08

2.95:^.08

3.19+0.1

O.79+O.06

0.87

1.1
(0.85-1.65)

29.2+2.4

2.25-2.85

Secklngton et al.* (17^7)
Scc)(lngtoa e+ al. (1967)
Steward and Clarlcson (1968)

Steward and Clarkson (1969)

Kaneko and Cornelius (1970)

Kaneko and Cornelius (19T0)

Ooxey (1971)

Breazlle (1971)

Archer and Jcffcott (1977)

Archer and Jcffcott (1977)

Archer and Jeffcott (1977)

Archer and Jeffcott (1977)

Archer and Jeffcott (1977)

Gaol a et al. (1983)

Albrlttoa (1952)

^•*^7 ££ (1752)
Speetor (1956)

—  — — — Widdowson and McCance (1956)

—  - - 6.8^.5 Koe)cstra M (1956)

1.3+2.0 31.3+12.1 17.31+6.6 11.47+1.5 Long {i961)

—  - - - Long (1961)
-  - - Long (1961)

—  - - - Tegerls et (1966)

—  - — - Kaneto and Cornelius
(1970)

(coatlnued)



Table Vlll.l contlsued

Pig

Pig

Pig

Pig (plasma) -

Pig

pig (plasma) 20

Pig -

.Pig 26

Dog

Dog (plasma) -

Dog (plasma -

Dog

Dog

Dog (plasma -

oofl :■

Cat

Cat (plasma)

Ooat

Coat 12

Ooat 12

10 11 12

Pvegnast

Xdult

Female

Kale

131.0 4.S

2.52j<).27

2.75

3 a 148.9+5.0 5.5+p.S

136^9.5 4.91^.8

143
(137-149)

147 4.4

146 4.4
(139-153) (3.7-5.8)

2.62

141-155 3.7-5.8

151 4.3
(147-156) (4.0-4.5)

153
(150-156)

0.85

22.0

29.98

2.87
(2.25-3.84)

2.77+0.15

2.51+2.29

2.45
(2.1-2.8)

2.65
(140-154) (3.7-5.8) (2.85-3.05)

147+4.0 4.09jp.28 2.53+0.5

2.S5+0.5

i.ce
(0.37-1.86)

0.915).08

0.86*0.13

0.95
(0.7-1.2)

0.9
(0.75-1.0)

0.86+O.12 29.9+5.8

19.34
(16.35-21.85)

2.71+0.16
(1.95^3.79)

2.3-3.04

0.94
(0.69-1.18)

i.oo+p.io
(0.57-1.97)

2.2

1.0

32.59
(18.26-54,43)

27.22
(20.41-34.2)

-  Kancko and rdmellus (1970)

—  Baetz and Kcngcllng (1971)

Purugouri (1971)

9.18 Undetvood (1971)

13.46+0.3 Doxey (1971)

Pillai (1972)

Archer and Jeffcott (1977)

Kupski et al. (1984)

Albritten (1952)

Albritton (1952)

Long (1961)

KaneXo and Cornelius (1970)

Doxey (1971)

Pillai (1972)

X.edet (1980) .

Albritton (1952)

Albritton (1952)

Spector (1956)

-  Dndervood (1971)

Onderwood (1971)

(continued)



Table VlXl.l conblimed

10 11 12

Sheep

Sheep

Cattle (plasma)

Cattle

Cattla

Cattle

Cattle

Cattle

Cattle

Cattle

Cattle

Cattle

Cattle

Cattle

10

reokale

resale

-  Hale

M

» Pesala

160 4.8 2.8S

14644.9 4.S540.39 2.53

0.95

(o.as>i.os)

4.85

(2.17-2.87)

2.71

142 4.8 2,75 1.65
(132-152) (3.-9-5.8X2.35-3.05) (0.5-1.8)

2.614O.05

14345.2 4.7^.48 2.5440.14 0.95^.15

2.674O.0S 1.2840.03

23.61

13.77

18.89

26.14

(15.94-45.30)

25.96

(16.47-48.35)

139 4.75 2.62-3.5 0.86
(135-145) (3.9-5.6) (0.74-1.12)

3.1440.06

11.0

Spector (1956)

Doxer (j.971)

Kcsherry and Grlnyec (1954)

Spector (1956)

Hlthuljl et al. (1966)

Kills et al. (1967)

Hylrea and Bayfleld (1968)

Patel et (1969)

Oxtderwood (1971)

Ondecvoed (1971)

Deocey (1971)

139.1740.93 5.44U.09 2.3840.4

-  - Desai et al. (1979)

24.35-35.6 6.9-10.2 16.52-26.26 Omdan et al. (1982)

-  - - BorvoasXa and
Slrlkhajotnbhandu (1963)

Itot^ei The aecesaary values had been converted to the iDtenatlonal (SI) system.o£ units as per Collins and Kelly (1977).

rigurea la parenthesis Indicate the range
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pathologic conditions. Iron deflclGnoy soldom oooure In

graslng stoek under natural cociditlaas* Oe^lclGstoy is

poeolble high cereal diet and lew enlntal protein diet

oc InadeoEuate absorptl^ or GMoesalve loos o£ blood or a

disturbance in Iron ntetaboUsn due to parasitic Infieatationa

or diseases* The sorura iron level in di££oront speelos are

given in table VX£Z«X*

In the bioodt copper is distributed eppro:ci{natoly

equally between erythroeytes and plasraa* esaeept in late

xsre^iancy* when the eoneentration rises in the plasma*

Living cells contain several copper containing ensviaes with

osddative fhinctions* Copper acts as a catalyst in the

tjtilisetion o£ iron in haccaoglobln formation* The copper

in plaaraa occurs In two nialn forms - one flrrnly attachsd

and the other loosely bound* The former consists of

ceculoplssmin whic^ is en alpha^-gloibtilln accouusting for

96 per cmt o£ the plaoma cppEior* rim r^nainlng plasm

ooppw is loosely bound to serum albumin* The normal range

of concentration of copper In the blood of healtl^ animals

is olTTiilf**' in all higher animals* Table VXZI*1 gives the

oeittjsa copper level in oiex^^ts and some other speoleo*
ironic^P®* tatlo is of clinical in^xsrtarrae in diagnosis
*f oaffcain aiXmsnts.

ona-tnlrt oe tbo pl""™ «!«» loo«oly *«««

«tth ,««»« alWrUl" eiKJ «« wmatadw 4, WtMh*! Mwly
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Mlth globulin* Host o£ the elno in blood is present in

erythrocytoa as it forms tho integral part o£ earbocilQ

anh/drase* xt is involved in onsyzno hormones*

protein synthesis and carbohydrate raotabolistR. The level

o£ sortun sine is influenced by dietary intaHo* acute stress

and pregnancy. Ti-io available data on levels o£ serum eino

In other sj^eeies ere given in table vxzx.x«

Tha present study encompasses an itweotigatlon into the

levels sodium* potassium* calcium* magnesium* iron*

e^par* irooicopper ratio «v3 sine in Xndiaa elephants*

1

. . Is.
"  'A ! *

• ii.

V-;«
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11ATER1ALS AMD

Blood 6eRS>Xes ttrere eoilocted Crom eight bab^ ei^hantd*

nineteen adult male olephants and eeventeon adult females*

All the ̂ ilmals vere clinically healthy ond maintained

Identical zsstntional eeglras (vide Chapter ZX) * Olood

sai^plee collected in clean glass tubes^ loept in slanting

poeitlon for 25 min and then Jeept at 4°C for 10 hours. They

were then cantrifttged <2500 x g for IS inln> at ambient

tsmperature* The separated serum was used for the detemi-

nation of major elements <wa. K. Ca and Hg>. The

trichloroacatic acid protein-free eerura filtrate (aimaxuee 25)

was used for the eetiraation of trace alemeota tPo# Cu and 2»).

serwti levels of sodium and potassium were estimated

ty adopting the method of oaer (1955) using a flame photometer*

Th© prooodutoQ xocoKBTiondod in the manual (1976) supplied

ty rye* penciivElmer were followed for the estimation of

cololum* magnGslwtOt iron, copper and aine in ©enm using

atcmlo ebsoa^on apoctrophotoraetor (PoDcln-Eimer. itodel 2380).

Xroofcopper ratio vma then uorhed out*

The signlflcaaeo of the mean values obtained was tested

ty aplAy^ student's t test (Snodocor and cooluran. 1967).
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RSSUL7S

7at3le VXXZ.2 preaonfea tSm valuos for aodtun* potassitso*

caXclim and magnealum In the sorum of the animals studied

(see annexuree 36 to 29 for raw dsta)» no slgnifloant

di.f£erenoe Gould be detected ̂ snong these groups In the

values for sodium or pota6slttm« Sal:^ elephants had a

slgnifloantly higher level of calelisa than adult female

elephants (p < 0.03) * Apart from this# age or amt had no

InfluonoQ on serum oaldum level, no significant difference

could bo observed between the three groups In the values

for senra magnesium*

Values obtained for Iron# copper# Ironicoppor ratio

ana alnc are presented In table viii.a (annexures 30 to 33

furnish the raw data) • Age or sex had no Influeaioo on the

distribution of serum iron# The baby elephants showed

significantly lower level (p<0«03) of eerurt copper than

the adult females* Trajora were no significant differences

in the cOTwantratlons between adult males and adult females

or between adult males and baby elephants, irontooppor ratio

had been calculated* Bal:y elephants had a higher ratio than

adult males* tha adult female elephants showed a eignifi-*

cantly higher level (p<0*03) of aerum zinc than the baby

and adult male eleitfiants* There was no significant differancse

between the levels in the baby elephants and adult males*



Major ratnerais in tba s»um c£ Xodlan ol^ahonts'^

CoastitiieBts
Bab?

etepbants
Adult; male
^ios^bastta

Adult female
elephants

Sodlim (nraol/l) 125«%♦ 6.7(8) m.24 4-
41.

4.3(19) 126,99i4.6(17)

PQtasslua <mm^/l) 4.97 0.17(85 4.77 0.11(19) 4.85 ♦ 0.12(17)

CalcluBi <i!nol/l> 2»3& t.0.058(8? 2*24 0.030(19)®'  2.17 0.046(17)^

nagneaitsi (snol/l) 1.05 0.0(^(8} 1.03 0.031(17) 0.97♦ 0.032(17)

Fh^nces in parm^bSioalm indicate the of animals

+ ma&a ̂  s.s*

m£S^r&at sopecacfipts in the same horisontal line reveal statiotlcal
si^kificaice

iS



Table vtxi.3

Trace elements in thsi serum of Indian el^abanta^

Coostituer^
Baby

elephants
Mult male
elephants

Adult feniale
elephants

Xzun ̂  vBOl/l} 34.^ *, 14^0(4} 44.4d X 8«3<i7> 43.^ X 8.9(15)

Oosv^ yt la^i) 23<84 ♦ 3*4(6)^ ^.74 + 2.0<17)® 33.69 X 2.1(16)^

Irani copper ratio l.S> + O.i?® 1.14 + O.OS^ 1.33 + 0.11®

Zinc iji lool/X) 31U3 i 3«4<6>® 33.73 + 2.5(11)® 42.61 + 2.4 (12)^

Figures in parenthesis indicate the number o£ silmala
+ «ean ± S.S.

smi m^sesa&XptJa in the hocletxitai line indicate aissence of oignificant
dlffMoaee

'.V-
y

T . 3'

J,

V'- i'.L.

m

.t- .•
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DZSCtlSSZON

TliQ oeruTQ soOium level In the prooent stud^ vas £oand

to vary ££«*» 118.24 + 4.3 to 126.99 + 4.6 ranjol/1 In the

case o£ baby, adult male and adult £emale elesdianta. Bartlea

Sfe Si.* reported a higher aodlura level In an Afrlccai

elephant (ISO.5 [mol/D. 3ut» Dliiman and Cerr (1970)

olsservod a mean level o£ 125.2 moi/l In 30 ACrican elephants.

Andrewbutter (1971) noted to^ serum sodlura level In Zndtan

elephants as 132 mmol/l. a aimilar value o£ 136.5 ̂  5.6

rarnol/l was reported ty Brown and vmito <1977) £rcm the

studies on 87 A£rican elephants* mrown and white (1980)

reported the sanm sKsdlum level in Zrvllan elephants &&

126 n*nol/l and in A£rioan elephants as from 125 to 137 mnol/i«

The values obtained in the presM study seem to be in

agreeciant with those reported by niiimon and Carr <1970)

and Brown and white (1980). Cott^warlson o£ the values obtained

in the presait study with those resorted In literature for

A^icsan elephants did not reveal any major variation. The

sQonim sodium level in elephants was found to be lower than

the reported values in horse® (140 to 160 mmol/l). in plga

(131 to 160 ramol/1). in dogs (137 to ISS mraol/l)# in osts

(147 to 156 nrwVX>» in sheep (146 to 160 nmol/l) and in

cattle (132 to isa inmol/l) (Albrltton, 19521 Spoctor. 1956|

vfiddowson end MaCanoe. 1956| hong. 196li riylrea and Bay£ield»

19681 Baete ̂  Hengeling, 1971| Dpney. 197l| Archer and
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Je££cott.> l9Tft i^odet, 19aop Qorvonoin oncl sirllthaJcjmiSiawSu,

1933 and KupsW. §£ ai" ^ ^
olophantB .W 5» attrllxitsa to ttio poor content o£ sodUm

In hertags. possibly di» to the high rainfall in tho regions
wherein the alophanta vroro stationed. The type of worlt the
elephants wore engaged in - hauling and piling of tiiaber -
also might have contributed for this. In a survey oorKa»eted
on 133 olephanto in Uganda game parte. 93 per cent
of the animals had a ranSP betuoaa 124 to 147 mal/X (Broun
and White. 1979)« ^ African elephants
rauoh farther south In the Luangwa viUago In zanSaia was
las iiiiinl." (Dlllmad and carr, 1970), This is suggosUvo
o2 the ® variation due to geogracfiloal location.

£otind to tiavo no in£luenco on serum sodium
or So*

lov«l (nlllmen and Carr, 1970i Brown and white, 1979), laroim
and White otosorwed a aoaaoaal varlatloo, the value
being always !<««« m tha wet seaocn.

serum potassium level was £ound to range firora 4,77 i

0,11 ixml/X to 4,97 + 0.17 ftiocO/l In the pteaent etxidy,
Afirloan elephants appeared to have higher potaoeltsn level

that ohaervod In Indian olephante. The potassium level
aestsn o£ African elephants hod been reported to he

g 6 it»nol/l (Sorties 1963) i 6 iwnol/l (iMlllman and
1970) t 0.24 + 0.86 im»vi (Brown and white, 1979) and

5,3 to 6,4 nmol/l

in woH. war. in wrewnnt with thooa
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ropocted by AndretAmttor (1971) and Brovm and White (1980) •

The serum potassium level in Indian elephants appeared to

be similar to that in horse <3.7 to inmol/l>» in pio

(4.5 to 8*37 nraolA)* in dog (3*7 to 5«8 nvrtol/l)* in cat

(4.0 to 4.5 ninol/l)# in sheep (4.8 to 4.8S maoX/l), md in

cattle (3.14 to S.ld ramol/l) <Albrittan» 19Sai {^herry and

Grinyor, 1934i spector, 19S6| widdowson and KcCance. 1956s

Qaots and Mengolingt 197li Do»ay« 1971i Archer and jQ££oobt.

19771 oesai gfi, aik*» hedet. 19801 Gaola ̂ aX,** 1983s

Borvonsin and 3iri3^Jomi^)andu. 1983 and KupsHt ̂

1984 >• Values available in literature the chemistry of

jgXood of African els^phants were invari^y based on studies

on elephants that have boon shot, naturally, tha involved .

delay m coUeotton of blood might have affootod the

values as atleast a part of the cells would have dlaintegrated

^ then roloaalng the intraoalXular constituenta to the

outside. Dlllman and Carr (1970) found that the serum

potassium level in African elephants varied with age. Brown

end White (WTV) observed a high potassium level Auring the

vet season and a drop during the dry aeason. Thay could

not detect any influence of ago, s^ or googrophioal location.

Zn the present stw^ too, no significant change, due to age

cc sex could be dotacted in the aerum potassium level.

^nie level of calcium ranged from 2.17 0.040 to

2,36 ̂  0.058 mpol/l. Earlier reports on aerum calcium
level of Indian elephants Include those of Simon (1961)
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(1.25 to 2.74 nmol/l); Nlrmaian anfl Walr (196^) (£com

2.94 + 0.28 nmol/X la aSult male to 3.12 ♦ 0»32 tsmoX/X in

adult non-prsgnant aoo-laotating £analos)t Andr«MS»ttar

(1971) (2*32 nrtx>l/l}| Plllai (1972) C3.U ±0.06 mtiol/Dt

Mnnthasubctonaniam (1979) (2.60 and Broun and

milta (1980) (1.73 to 3.13 nrool/Do Ttie calcium level in

tha peasant study was within the range caported in othar

■peeies Ulce dog (1.95 to 3.79 nzrtol/l). sheep (2*17 to
3*05 iTinol/l)« horae (3*54 to 3*49 imx>l/l)* pig (2*35 to

3.84 nxnoI/X) and cattle (2*38 to 3.5 mnaX/t) (Albritton*

19S2f Mcsherry and c^lnyer, 1934| speotor* 195di Ziong* 1961|

MithuXJi iUi** 1^1 ^i^ogerie sSl Sik*» l^^i i^lrea and
aay£ield* 1968| Patel afe • 1969i Kanelflo and Cornelius*

1970J Pillsit 19721 and Je££GOtt« 1977| Uadet* 19Q0|
Borvonsin and Sirikhajornhhandu* 1933 and KugpaHl sSl S&**

1934)* Dlilman and Carr (1970) detected no in£lura)CQ o£

age or sex on serum calcium level in A£rican elephants*

Brown and white (1977) fiailod to ohaerv© any di££erence In

the levels botween sexes or different age groups* ttawever*

8igni£icant di££orenaas* due to season and geographical

location* ware observed in A£ric^ el^hants* nirmalan and

tialr (1969) also reported the absence o£ any influence

attri]»table to sex ac age on serum calciivn level in Indian

Elephants* The preaent study revealed a sig^iicantly
calcium level (p<0*05) in baby elephants than in

fomaies* Mo diffierence could be observed between the
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adult foale and baby olophonts. Ucbanyi (1953) roported

that ealoiim lenral varied with ago* bznsed and to a lessor

extent with so* In the caoo o£ cattle* horso and pigs.

Hcsharry and Grlnyer (1934)* Payne and i-oeoh (1964) and

Tutrtbleson fife di- m^artod t decreasing trend In

oalclua levels In dairy cattle with Inoreaelng ag©. Kaneloo

and ComaUus (1970) repojct®* tl^t oestrogen lowers the

iav9l o£ serun ealolum. The low level observed In adult

femalas in this study may be attributed. In part, to the

influence o£ oestrogens.

The present study on Indian eics^jsnts revealed that

the senan magnesium level varlod from 0#97 ♦ 0.032 to 1.09 +
0 046 BinoX/l. 7^ values wore in agroamont with the reported

aagm magoeslun level® In Indian oleshants (alraon, 1961 -
0 90 -*• 0.53 tnool/Il Hirmalan and Kair. 1969 - from 0.96 +

0 M nvnol/i In adult notwpregnant non»Iaotatlr^ ̂ male to

1*07 + 0*25 nncXA in adult fi<2ffnal©i Plllai. 1972 • 0.S7 to
1.97 Brown and White, 1930 - 0.92 to 1*033 nmol/l).

The values also agreed with those o« sartlea sk aL* (1963)
in African elephante <1,0 mmol/l) b«t, wore lower than those

reported by oillmsn and Carr (1970) <l*Sl mrx>]/l)t B*mm
mjfl White (1977) (l*0^ to 2.55 KTOOl/l) and Brown end White
(19S0) ^ wnol/l). Magnesium is normally Sound

«»Uoafei<sn of blood

.ewr ti« olophont booo ahot or tho oeoutreooo of
"• ri i> ,

■' IJ -'.v..
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heonioXysls micjht have contrll^ited substantially to the

elevated values reported in African elephants* The values

In the porosent stxa^ were In agcesment with tha serum mag

nesium level© in horse <0,33 to 1*9S ninol/l}» In pig (0*37

to 1*86 nraol/D* in dog (0*57 to 1*97 nmol/l)* in goat

(1*0 mnol/D^ in shoep (0*03 to 1*05 mmolA) and in cattle

(O.S to 1*0 niaol/l> (Albritton* IQSgj Spoctor* lOSSj Iiong,

1961t Mylrea and Bayfleld* X963| Fatal 19G9| Koneleo

end Cornelius* 1970| Basts and Mengeling* 1971| Qreasile,

19711 Doxey* 1971| Filial* I972f Archer ̂  Jeffoott* I977t

Caola S& ^993 and Kupski ̂  ^lo influonee

o£ age or seae ccRild be dete»:ted. Similar findings had been

exported fay Nirraelan and Nalr (1969) and cillman and Caxr

(1970).

Ttm level of serum Iron in Indian eXeplmte in the

^esent study ranged from 34*78 + 14.0 to 44*40 i a*3^ taoX/U
arown and white (1900) had roported a mean serum iron content

of 30/^ rool/i ̂  African elephants* The value obtained in
the present study eeomod to be high, Tho values reported in

goats (ia*26 to S4.43 ji ffloi/l) and in cattle (1S.94 to

4S«B5^ mol/i) (undorwood, 1971) seemed to agree with that
recorded in present stuc3y« The serum iron oonoentraticn

wes ^ ̂ higher than those in horse (13*07 to
29.9 }i "WVIJ' 3i.3^ and to dog
(lI.M to 39'® sooklnstao al.. 19S7i
stwM^ and CtortooB, 19681 CotnUuo. "TOl
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Furugouri* i971t Ui^o£wood« 1971 and Ocndan 1982)*

nirmalan <1967) roportad no significant difference

In the heeraoglabtn content due to oex or age In Indian

elephants* The present study also revealod obeonoo o£ any

significant effect attributable to sex or age In the serum

iron level In Indian elephants*
♦

0^ serum copper level In Indian olophants uaa found

to range from 23*34 ̂  3*4 to 33*69 ̂  2*1 ji inol/1 in the

present study* *2^ value was found to be higher than those

reported in African elephant <17 ji mol/D (srotm and white*

1950)* The values coinparod favours^y with the values

reported in literature for horse <14*42 to 20.96 jt nwl/1)

and pig (17*31 to 29.98^ rooJ/X) but, were higher than in
cattle (6.3 to 23«61 ̂  mol/1) (tohoy ̂  19531 speetcMr*

19561 hong. 19611 fUlls.sSL fii*. 196^1 Patel ̂  sk-* 1969t

areasile. 1971a ocaeey, 1971 and orralan SkSk^t 1902).

iiithulji ̂  (1966) reported a low copper level in cows

ecn^jjared to those in calves or Ixaiocks and attributed it to

the feeding regime* Patel ̂  sk* (1969) also reported a

high serum copper level in young calves than in old animals*

In the present study# such offioot of age was observed*

Underwood <1971) could not observe any influonoe of sex on

oortia coP9^ ̂  spoclee exoepUng in human beings* it

mm eeportws that oeotroQena incaea*.! tha plama oociMr
lav»X in iwran belnos. In th* prooeot ofeu^ alao. algniei-
oontxy htchor iawl* ot 0*»P« «««» ntearwd in adult tonal..
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coR^pared to adult naloes yet* the dl££erenoQ was not of

otatlotlcsl Gignifioasoe* The apparently high level of

copper noticed in fernalea mi^t be due to the effect of

oostcogens probably through the syntheais of oeruloplaflmlii*

xrcoteopper ratio had boon found to vary from 1«14 ♦

0*06 to l«SO ± 0*17 in the elophante studied* Zn human

beings the normal ratio is reported to vary from 0*3 to 1*0.

Apparently* the ratio is high in el<^pihants oonparod to human

beings.

The sertaa sine level in the present investigation varlod

from 31*13 + 3*4 ̂  raol/1 to 42.61 ̂  2.4 ̂  molA* tJo value

wae available in Uterature on serum sine level in either

Indian or ̂ rioan ole^iante. The values obtained in elephants

in this study were high uniformly conpared with other

aofnestioated animals UI«e pig (3*8 to 13*46 ja mcO/l) and

cattle (16.52 to 36.26^ vol/l) (Hoelcstra ̂  1956| Long*

1961* ooxoy, 1971* iftidorwood, 1971 and omlan gJiJtt^# 1982)#

in the case of rabbits# tlie level was reported to be

41.35jx mol/1 (Underwood, 1971)* According to Underwood

(1971) there ia high Individual variability, a small or

jiQ(v.e9clst^:tt difference due to age# race or sen and no

ggasonal cx diurnal variation in sine level. liolstesd ai*»

^jigeo) observed m elevated plasma sine level in fawaies due

^ th9 ooatrogona. m the present study a ai^«

gicontly higher serum alnc level (p<0.03) was observed in

adult elephants than the balv or adult males saA this
^^1^ probably be due to the influence of oestrogone#
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Xn£ozinatl<Hi avaiXablo on the pl^aiologie nems eS

Indian eieiAumts are scarce and ocsonty and qq» an attend

ftad tNaen made to eatabXish norros £oir aofoo o£ the sihTsioXoQio

pro£iXes In 44 Xndian eXephanta* ofi vssylxiq ages and both

sexes» maintained under ideal conditions o£ management fcy

tiie Forest Department# i^evaawcras and private oeners*

Equations to predict body vedght end height at ahonl^r

body measurements had been derived* Soveral models wore

tcioA and the one with the highest multiplo oorrolation

coa£i^^^ chosen as the reoanmondsd one# FomuXae

weret

u V m »ia37«21 0*038 (BF»*BT) X CG* vhSSe

•x« la the body weight in leg, •dtm-bt*# the ba^

length from the base o£ £or&*hQad to ths base o£

tail in cm and *co*, the cheat girth in era, and
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2* Iff e 31«04 -f 1,77 rc# uhero *iff' is tha height at

shoulder in aa ana 'PC', the right fore-foot

circisnferenoe in contiinetros.

The body of the elephant isas divided into ooveral

geometrical figures (regiesns) and the areas of these indi-«

vidual regions were measured* These were added up to give

the total surface area in square metres, A prediction

e<3uation incorporating holght alcmg with body weight uao

derived to estimate the total surface area of olsphanta.

The equation reconroended vast

S ■» 0.2533 mO-S153jP.3920^ ^
body surface area In n?, and and 'H« are the
body wel0it (in hg) and height at shoulder (in m)
respectively,

Atteropts wore mad© to prodiot total body surface area

from siurfae© individual regions. The foaoulai

S » <1,3712BA ♦ 1.772HtA + 1,2147 nA)-0*a304*

vbece *s' is the total body surfaqo area in m®, 'ba*, the
l3Qdy ares and 'iCjA' end'FlA* the hind-limb and fore-linib

4

gurfac© areas in m , had the highest nultiple oorxelatioo
(Efficient and Is 3beiag reoociracanded. The basal heat

In elephant was estimated as 8*76 ♦ 0,16 Cal/aay/

Jjg body welglit or 1153,00 + 25,66 Cal/doy/sq.m. surfaoo oroa*
^ gpoclfic gravity of whole blood and plasma, relative

viscosity of blood, aenm icterus index, pH of
and ab0<^^
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uholo blood and plaorrtat i>liolo blood coagulation tlnio and

erythrooyte sedlniontatian rate wore determined In the blood

o£ adult male and adult Sonalo oleiphantG* B»o^tlng

Cor erythrooyto sadimontation rate wherein slgniCioant

dl££orencos wore notod In the ratoo o£ settling at 30» 40*

SO and 60 min betvKScn baby olopiiento and adult elepliants*

other constituents did not reveal any Influence q£ age or

aoK. For ̂ splication o£ erythrocyto sedimentation rate as

a clinical diagnostic aid* the time o£ 15 min was recQnineiided

as optimal*

t7o influence o£ age or sex could bo dotoctod in the

levels of serum total proteins* albumin* globulin and in the

Vo ratio* The ft/G ratio was found to be less than one*

Eloctrophozetic studies with agar-gel revealed tlie

P9»senoe o£ 5 £ractl<»ts •• albumin* and alphSj^** alpha^-*

bete* and gawoaglobulins in the serum* Mpoprotoins soparated

into four fractions - chylomicrcais, lowMlensity* very low-^

density and lilgh-donsity lipoprotalns* Sbslstence o£

in albumin was detected* Ho variants of haemoglobin

could be identified.

Qlutamlo oxaloaoetic transamlnase, glutamlo sv»wvlc

transaminasQ, lactic dobydrogenaae and oreatine phoepholslnaee

levels in tlie aomm were assayed to establish the neaono* 'The

results showed absence of any influence of age or sok*
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ThG nomal sorum lovolo oS fcliQ raajor nlnerale • sodium*

potassium* calcium and mognQsium tr^^e eXoments « ir^*

QOpp&e and sine - wore dotonalnod. Th© coauXts obtained

eonsjored favourably with the jraportod valuos In other domestic

animals* Ironscoppor ratio was found to bo above 1.0.

•t :v.

■V
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ANNEXURES



AntisscuRS 1

tdxmBK raeasurorrento, observed body weight aod betc^ of Indian
eleph^ts

(year)
iiBight

(Iq;) at
ahouldsr
(cm)

length between Length between
base of

fore-head to
base of tall
(QFH-BT>|
hody l^tgth

(cm)

point of
sliouXder to
point of
buttocho(ps-po}t

body XcatgthCcm)

Cheet Right fore-foot
girth girth ctroumference
(era) (era) (om)

t 3 3 4 5 6 7 8 9

1 9 2cm 292 290 155 315 1^ 100

z 20 2515 198 260 160 290 177 100

3 22 2540 207 271 160 312 210 117

4 22 2750 206 260 129 309 192 112

s 12 2000 200 270 255 305 185 105

5 13 2270 230 285 230 337 205 140

7 14 2240 226 290 165 »0 200 110

8 24 17S0 222 265 232 29Q 188 103

9 15 2290 223 300 180 338 220 120

io 25 1740 225 282 130 284 178 108

It 25 2060 224 256 126 328 210 117

12 24 1630 211 260 255 285 191 103

23 25 2890 236 325 245 346 331 1^

24 18 3445 255 315 225 290 250 133

IS 18 17SS 213 265 226 297 190 100 1*

16 21 3893 277 335 216 385 265 135

(continued)



AanoKOTo 1 contlmed

1 2 3 4 5 6 7 B 9

17 23 3625 273 340 2-30 376 240 145

18 25 3725 259 344 167 393 230 127

19 25 4130 231 340 220 423 267 132

20 28 3300 246 320 160 370 232 130

21 30 49S0 280 300 259 429 303 159

22 30 3710 266 34S 238 394 251 135

23 30 3300 250 335 215 356 244 133

24 30 4120 2S2 360 230 414 270 144

25 30 4370 290 362 160 408 277 147

26 30 3430 230 334 164 370 233 129

27 32 4430 269 370 2^ 421 365 130

28 32 3%0 281 350 170 373 237 138

29 33 4660 295 370 235 410 300 152

30 38 4720 299 360 237 410 289 152

31 38 4510 305 390 235 415 269 149

32 40 4960 290 360 260 460 220 150

33 40 44^ 287 375 230 410 275 150

34 45 4805 293 363 190 437 317 136

3S SO 5250 209 400 250 420 300 149

36 50 4950 287 390 255 410 280 155

Mean 3352 252 326 192 367 242 130

* + X ♦ 4> + +

s7s. 201.61 5.79 7T42 7735 8749 2759 37oO



PSSfSSfOSSS 2

OeovUi rate o2 «]L;^hBnta

ftge io
years

Suo&er o£
animale

Body wei^it
in yg

Percentage
growth

0*5 1 460 340

5-10 5 1^3 239*8

10-15 9 1997 27*77

15-20 4 2430 21*68

20*25 4 3838 57.94

25-30 f 39U 1*76

30-35 3 4^3 9.51

^-40 4 4453 8.63

40-45 1 4885 5*01

4S*5D 2 3100 4.40



fmexxMB 3

Msasures body surface area and th© areas of indlvlduai regions <n?)

tlo.

t^eaatsced

swfieoe
area

Body
area

(BA>

»Qblc

area

ma6U
Ul!t>
ar^

(HZA>

Foro»lin2>

area

<PtA)

Trunk
area

(TM

Tall
area

CTtA)

Foro-hoad Sar area

area (SA)
Perlnoal
area (?a)

t 3 3 4 5 6 7 8 9 10 11

1 2SD,48 6.79 1.49 4.21 5.25 1.19 0.32 0.63 0.45 0.15

a 17*9T 7.40 0.34 4.S4 3.11 1.00 0.3S o.ss 0.56 0.12

3 i5»n 4.^ 0.94 4.04 4.05 0.^ 0.39 0.4S 0.16 0.13

4 15,32 4.98 0.86 3.84 3.96 0.67 0.20 0.47 0.25 0.09

5 18*40 6.12 1.07 4.04 4.60 1.07 0.29 0.67 0.39 0.25

6 21.11 6.31 1.74 4.85 S.61 0.88 0.39 o.ao 0.36 0.17

7 20.83 5.53 1.31 5.^ 4.74 1.18 0,64 0.80 0.53 0.15

8 20.30 5,79 1.43 4.84 5.70 0.74 0.46 0.75 0.36 0.23

9 lfi«66 4.93 0.95 4.04 4,74 0,79 0.31 0.50 0.28 0.31

10 38.82 6.61 1.83 7.14 8.90 1.88 0.66 0.96 0.68 0.16

11 ^.39 7^U 3.67 5.61 7.41 1.32 0.35 0.77 0.44 0.16

12 31.47 11.14 3*8/ 6.05 7.28 1.33 0,53 0.60 0.49 0.18

13 12. ao 4.76 0.55 2.58 3.07 0.36 0.21 0.25 0.18 0.04

14 13.02 4.53 0.98 2.03 2.S0 0.64 1.75 0.26 0.25 0.04

15 13.^ S.86 1.44 3.99 3.99 1.70 0.36 0.45 0.36 0.10

14 21.74 6.03 1.49 5.59 S.78 1.16 0.54 0,65 0.31 0,21

(ooQtimieiS)



Aamsure 3 eatfttrawfll

I 2 3 4 S 6 7 a 9 10 11

17 26.44 S.46 2.11 6.42 5.91 1.33 0.82 0,60 0.68 0.11

18 20.9 6.05 1.10 5.49 6.06 0.74 0.31 0*54 0.^ 0.21

19 18.64 S.26 1.31 S.06 4.94 0.84 0.29 0.40 0.46 0.00

20 17.84 S.78 1.32 4.21 4.36 0,90 0.^ 0.45 0.50 0.02

21 32.08 7.48 1.^ 4.45 4.63 1.20 0.31 1.45 0.66 0.02

22 1S.9S 6.0S 1.44 4.31 4.75 0.99 0.33 0.50 0.49 0.10

mm 20.08 6.28 1.41 4. 70 5.06 1.03 0*46 0.61 0.42 0.13

X Z Z Z ♦ * ■ + *

5,S, 2.0X 0.32 0,15 0.25 0.32 0.07 0.07 0.05 0.03 0.02



A^IEXUaS 4

Hoanatologlcal peranetara In the Inaian oXfiphaot

specific gravity o£ ubole l^oodl

3ab7
elopbk^ts

Adult itBld
elei^iants

Adult fetnalo

elephants

% 1.054 1.056 1.056

2 uoso 1.059 1.069

3 1.052 1.059 1.062
4 1.054 1.061 1.050

S 1.052 1.059 1.052

6 1.054 1.066 1.052

t 1.052 1.052

d 1.054 1.052

9 1.053 1.054
10 1*053 1.055

11 l.OSO 1.054

12 1.0S4 1.0SS

13 1,054 1.052

14 l.DK) 1.047

IS
m

1.051 1.053

16 1.052 1.0S5

13 1.051

IS 1.049

19 1.051

Mean

srs«

1.052
♦

o.obi

1.0S4

0.001

1.054
+

o.obi



AtSIEKUaS 5

Specific gra^ty of plaasa

Baby
Glcpiaoxtts

Adult laalQ
ele^iants

Adult female
elophonts

1 1.027 1.027 1.025

2 1.023 1.028 1.030

3 1.023 1.030 1.027

4 1.025 1.026 1.030

5 1.027 1.028 1.026

6 1.027 1.030 1.025

7 1.028 1.024

d
- 1.024 1.034

9 •

1.027 1.032

10 1.020 1.035

11 1.025 1.028

12
- 1,025 1.025

13 1.027 1.030

14 1.030

Mean 1.026 1.027 1.028

4-
mm X +

S»5, 0.001 0.001 0.001



7

B

9

10

11

12

13

14

15

Id

RoXatlVd viscosity o£ ̂ A»ld tlood

Ba^ Aidult male AOult female
elei>hartte elephants elephants

1  6.973

a  5.474

3  5.317

4  6.013

5  0.053

6

Mean 6.37

1. +
S«S. 0.33

5,449 7.060

5.470 6.690

6.464 5,707

S.510 7.317

6.730 6.293

S.OGl 5.466

5.407 5.474

6.^ 5.317

6.068 6.71Q

6.732 6.694

5,870 6.718

6.249 5.3D0

6.114 5,153

6.625 7.239

6.771 7.674

5.S96

6.10 6.36

+

0.18 0.19
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MmJCURS 7

AbsolvKto viscosity o£ Mtx>XG blood Cc^itlpoise)

Baby
elophaots

Adult male
elephants

Adult female

elei^iants

1 6*20 4.9D 6.30

2 4-90 4.90 6.00

3 4«dD 5.60 5.10

4 B.40 4.90 6.50

5 7.20 6.00 5.60

6 5.30 4.90

7 6.20 4.90

8 5.60 4.80

9 5.40 6.00

10 6.00 ^90

n 5.30 6.£K}

12 5.60 5.30

13 5.50 4.60

14 5.90 6.50

15 6.10 6.90

16 5.30

noan

+

5. 70

X
(U2B

5.54

♦

07x4

5.6S

+

o7i6



fmEXOBS 8

Secin Icterus Indcsc (nenry 1952)

pglnoAplQi The proteins ofi serum are precipitated o££

with oootooe and the intensity o£ yellow colour inparted to

acetone by bilrubln is measiired in a spoctropliotor^tQr using

a solution o£ potassium diohromato as standard*

1, Acetone raixturei Added 78 volumes o£ 'Analar* grade acot^io

to 22 volumes o£ distilled water* Ptiaeed kept in a
refrigerator.

2* stock Icterus standardi Plooolved 0,007 g of "Analar*
grade potassium dichroiaate in about 60 ml of distilled
water and added a drop of ooneentrated sulphuric acid.

This W80 then made upto 100 ml with distilled water,

3^ Working Icterus atandordi Diluted 1 ml of stock icterus
standard to 93 ml with distilled water. The was adjusted

to below 3 using concentrated sulphuric acid. This was mode
upto 100 ml using distilled water in a 100 ml voltmetric
flask and mixed well* The prepared working standard is
equivalent to 10 units of icterus,

4. Dlanki 9 part of acetone ndxture was lalxed witJi 1 part
of distilled water,

SSSSS^m* Mdoa 1 na OS scrum to 9 ml o£ ooia <4»C> acsstona
nixfcuto in a tostotubo. Mised and £Utes»d using a vihatraan
t».42 £ilt« paper. Placed a watoh glass over the funnel
Ths collected fiilterate was read m a spectroiihofeaaeter at
457 nm after setting it to aero reading „!«, ^lanlt.

Then re^ ̂  o« the eeriang icterus standard
using distiUod water as the blank for aero setting.

I

neadlng of unacrtown

Roadtng of standj^ * " units of icterus



A^nSCURS 9

awEa iotorua Index (units)

Baby
elephants

AduXt male
elephants

Adult fismale
elephants

1 2.50 3.13 2.50

2 2.50 1.35 3.13

3 1»38 2.50 2.S0

4 2.S0 1,83

5 3.sa 1«23

4 2,30

7 2.50 •

3 2.S0

9

10 1.2S

It 1.25

It 1,2S

«aan

s*s*

2.29

♦

0«44

2.24

♦

0^22

2,23

♦

0.34



fistsexms lo

TSB o£ tAioXo blood

Baby
elephants

Adult niale
elephants

Adolt ̂ Biale
elephants

1 7.^ 7,15 7,08

2 7.35 7,22 7,03

t 7,16 7.23 7,13

4 7,19 7,13 7.15

% 7,15 6,99 7.22

6 7,22 7wl3 7,24

7 7,32 7,24

0 7,12 7.23

9 7,11 7.32

10 7.25 7.02

11 7,26 6.99

13 7,15 6.96

13 7,23 7,02

14 7,30

IS ' 7.38

m 7,42

17 7,23

16 7,34

19 7.33

s,s*

7,21

0,04

7,22

*

0,02

7,13

♦

0.03 %
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MQIEXUnB 12

miolo blood coac^latlen Uao (see.)

Baby Adult mole
elephants

Adult female
elephants

1 435 361 390

3 358. 310 294

3 3TO 390 364

4 248 480 332

5 342 373 414

6 230 339 409

t 433 354

8 4m 251

9 349 295

19 256

U S12 259

13 339 299

13 419 365

14 437

15 483

16 413

17 355

18 4*^

HS4» 323.S 402.7 317.8

S»B» 26.0 15.0 17.0

I



moBsoxm 13

BrytlM&'ouyte BSdireeiitatlon r^Q in te&jr eXophants

ob/S mln zGB^iO nin niqAS min 01^20 mln nc/S3 rain rt^40 rain nir/50 mln Bti/60 rain

2 3 3 IS 27 39 43 46

I 4 SO 23 38 46 48 SO

IS 43 52 S3 55 56

8 la 44 53 57 59 60 61

2 10 2i 40 42 34 35 56

3 4 6 U 35 34 39 41

fiaao 3*^ S-,67 20.67 31.1? ^.17 47.33 50,0 51,67

X ♦ X 4>

S«]^ 1^0 2«d 4»5 4«3 3.3 2.2 2.4 2.0

iS



MOnOCURS 14

Brythcoc/ts aedin^itation rote In aault &&IQ elephants

ms/S rain mt/io min tnc/lS min ian^20 min qr/30 min fiic/40 rain nr/SO rain ran/60 rain

2 • 30 40 «• 53 59 60

2 mt « «■* 43 49 53
2 a IS 35 SO 53 • 57
a «r 4S 53 61 62 64 65
1 11 m - •a « 48 50
2 12 - 24 mm 51
4 13 21 27 41 48 51 32
3 7 14 mt 46 51 52 65
5 U 30 45 56 58 59 59
2 7 36 44 53 55 5S 57
m' 41 46 50 52 53 54

2 12 3& 54 57 58 60
3 12 33 45 40 52 54 56
2 12 29 42 58 61 61 62

7 19 36 32 55 59 60 60
2 11 43 52 58 60 61

■ S 10 16 31 40 53 53 54
7 13 30 50 55 53 59 60

3 11 - m 45 33 54 56

liaan 3«^ «,73 30.33 40.25 51«(» S3#0 56.31 57.47
♦ ♦ + ♦

&»£* 0,S3 2.0 2*9 3*0 1.9 1.3 1.3 1.1

I



AESIE&amS 15

Sr^throc^ seairm^tatlcn rate in aaolt feoaXe elerA^ants

sb/S rain raVlO mill ne^S ndn ittV20 min isc/30 rain

i

f

nr/50 rain nn/60 rain

3 6 24 35 'm m mm 52

1 4 25 30 4» - SO

3 6 % 43 56 57 58

3 13 43 47 54 56 S7 57

4 m 44 4S 58 58 60 60

5 24 41 ss 57 58 59 60

X 9 3$ 53 sa 60 60 61

» 18 29 42 52 54 56 57

8 33 46 S5 59 60 60 60

8 30 41 56 59 61 61 61

6 14 37 49 55 57 58 60

3 5 16 35 42 47 48 52

Hisn 3.83 13.93 33.^ 44.5 5^9 56.7 57.6 57.82
♦ ♦

mm i + X

S^Wm 0.70 1.8 3*2 3.4 M 1.7 1.6 1.4



Amies^jRS 16

tUstdtotiOKi serum probeins snd V<3 ratio in Indian elephants
Total peotains <g/dl)

Batosr Adult male Adult ̂ male
elephwts elephants elephants

1 7.15 5.51 7.Q3

2 9.00 6.13 7.30

3 6.S0 3.35 6.13

4 d.ia 6.61 7.7S

S 6.64 6.37 6.12

4 6.13 6.61 6.7S

7 6.37 S.43

8 7.40 9.00

9 7.15 9.00

10 6.ra 8.00

It 7.2S 7.S)

12 5.63 6.O0

13 5.14 5.40

14 5.14 6.00

15 S.14 5.40

16 S.14 6.00

17
.

6.00

Mean 6.17 6.78

4-
ess

♦ - ♦
«■»

♦

o743 o«:^ o7:^

c
I*



pmesojsm xi

Albumin ig/dX)

Baby Adult sals ftAilt ̂ male
eXapbaots QlQ£2)ant8 elaphants

% 2»27 2.00 2.31

z 1.67 1.92 1.73

» 2.17 1.54 2.16

4 2.39 2.00 1.96

5 2.16 2.20 1.96

4 1.82 2.30 1.74

? 2.00 2.SO

8 1.82 1.67

9 1.70 1.67

10 1.63 1.67

IX 2.39 2.ao

12 2.17 2.S0

12 2.29 2.20

14 2.08 2.78

IS 2.29 2.22

16 2.29 a.so

17 2.50

man 2.oa 2.07 2.17

♦ ♦ * ■*-
ma

s«s» 07x4 o7o9 0.18

t'ju
I

. N -r >
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Annoscure 20 continued
*

5, Fixative IX

ACQfcoae - 9 pocfea

DlatllXod wator ■» 1 port

6« Destalnlng filuld
f'lothanol -• 4 parts
Aoetlo acid - i part
DistlXlad water - 3 parts

7. Boric add bufifier pH (7.3) (VasaaJ. tu££ar>
37 ^ ^ boric acid and 4 g o£ sodiua ttrdroxldo was

dissclvod in 500 mi ofi dlstUlsd water and the £inai vduma
was made upto 1 litre using dlstiliod water. The pH o£ the
bufger was adjusted to 7.0 onA ctioelsed with a digital pH

(ECiL-india)#

0, Trio-eltric add touCfier pa S.8 (gel«ba£fier>
solution A« 10. S g o£ eltrlo add was dieaolved and

niadc i Utx& using dictillad water.
solution Bi 33 0 of l^rlo (i7:ihydro!»^Mnethyl

^ dleaolvod in a little of water and
finally rade ^ litre with distilled i^Eber.

The buffer was prepared toy a^Ung is na of
QoXutioa A and 2S3 ml of solution 13 and adjusting the
of the rosult^t ooluUon to 5.8. The was eicjc}aQd
yoing a digital P" R*0ter (SCli^lndia).

9. i.sui egag solution to l.S g o£ put. Japanaso powje*
aaawl auSllclent sal buesw to maleo voluna to loo ml, *

10. ^ <*<^1 »«££«),
TOlB <Trlhj<WMiy!aathyl amlno mathan.) « so o
EOi,^ (dlBodlum salt) . 9 1
Dorlo ooia f «DlstUlod water ^

C  4 t
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ADxiesuro 20 continued

Ttia pit wao adjuotod to Q«9 and cSieetaad using a digital

pH motcar (sciL-Indla)#

11» Bonsldlne stains
2S0 g o£ bensidlno* 0*4 nil o£ hydrogen peroxide and

1*4 nl o£ glacial acotlc acid were lolxed properly and maae

upto 100 ml vlth water. This is than heated to boil and
then cooled and used fieeahlv.

preparation of the £olloir7ing roagontsi

12. Dartoitono (vornol) fc«££or (8.6) (vessel bu££or)

Tte bufifior was propared by dissolving 10.3 g o£ sodivea

barbitone In about 900 ml of water and then,adding to it
1^33 g of aiothyl bariMtonie acid, whlcfti dissolved slowly

with shaking* ibo mlxturo was mad© upto l litre with
distilled wator. ■ The pJi of the buffer was adjusted with

a dlgit^^ nwt^r (BCibwindia).

13« preparatioo of gol«

120 rag of agaroao waa dissolved in 30 ml of vomol
buffer pii {9*6) ̂  boiling in a water bath. 24 mg of agar
was also dissolved the sam© wasr in 4 ml of vomol buffer
pH <8.e>* The agarosQ and egar were mixed in the ratio
4il and then again ralscad woU by I«e©plng jUn the boll^
water bath. This is i^^rod on the microscopie slide
(about 3 ml/slide).



3CNV

Annexuro 20 eontimioa

prooodurst

Silts wo»o raaeso on tho aoatwagarosa ooatod sildo about
2 on» away from on© edge and ioyoiod about 0.05 lal o£ aorum.
A current o£ S miv'sXldQ was given for 3 hours, oftor )»opdng
the whole oloobro$fiaretlo ohstober In a refrlgc^catw. The
fixing was dona with othanoltaootlc soldi water mixture
(OOiiOilO) £or 30 cilnutQa. it was then Jiopt In contact with
tl^B staining solution <aaturatQd filtered oolution of oil
red 0 In 60?i alcohol) overnight* The slides wore then washed
gently In top water and dried at room tcrr^rature*

•. ."V«-

. . , I, ^..V »

^ i m'.



ASIRCXim 21

SGS^ci Qlutanic oacaloacotic tran8aEalna8t>»^30cyr (l»u»/X)

BabsT ?^dult male Adult female
elep^nts el^>haxit8 elephants

1  6.960 Q.160 10.56

2  16.60 15.44 9.600

3  16.60 9.600 38.88

4  3.60 10.56 19.68

5  6.960 12.48 33.12

6  13.44 9.600

7  5*760 13.44

8  33*13 19.^

9  23.80 16.80

10 19.68 19.20

11 10.24

12 14.08

13 16.80

10.18 15.6S 18.46

^  * t t
S.8. 3.8 2.7 2.4
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25

zstimatlon of txaoe eleniontie An serum o£ ele^Jiants

proceduso for prsparatioo of triehAoroacetio acid protein-
freo serm fiitratet

To 10 ml of elep^t sensa In a boiling tubs* aiSaod

aquaX quantity of 20« trichloroaestie aeid itmufaie^gg) ̂

oantly raixad tlie contents and the tube waa loosely capped.

It was than heated in a water bath at 90°C for 15 rain,

coolod and then flltored through a Whatman 41 filter paper

into a clean dry t©st>»tutoe» This protein free serum

filtrate was used for the estimation of trace elements

{Iron* Copper and sinc5»

■  Jt'i.. . , ... . jij

■  'i'-
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ASSnBXQRB 27

Pot^sliia (nxaoS/I)

3aby
elephants

Adult male
el^ihants

Adult Semole
el^iants

1 4*220 5.243 4.907

2 5*371 4.475 4.475

3 4.603 4.731 3.964

4 4.731 4.348 4.987

5 4.731 4.2^ 4.475

6 5.243 5.113 4.092

7 4.860 4.47S 4.220

a 6.010 4.603 4.475

d 4.220 4.731

10 4.731 4.603

11 4.731 4.731

12 4.731 5.115

13 5*113 5.371

14 4.859 6.001

15 4.731 5.115

16 4.919 5.754

17 4.731 5-371

18 5.243

19 5.493

^eaQ 4.97 4.77 4.05

i; X + X
S«flU o7i7 oTii o7i2



2B

Caidtn (irraol/X)

Bat^ A(&at male Adult £emale
ele^aiants Gl^)hant8 elephants

I 2,465 2.2S0 2.269
a 2*250 2*126 2.209
3 2.973 2*076 2.032
4 2*133 2.115 2.176
S 2.033 2*162 2.227
6 2.362 2.438 2.161
7 2*229 1.999 2.033
3 2*349 2*005 2.132
9 2.156 2.249
10 2.137 2.003
11 2.211 2.000

12 2*264 2.333
13 2.274 2.252
14 2*342 2.213
15 2*448 2.070
16 2.S2S 2.206

17 2.362 2.051
18 2.365

19 2.201

Mean 2.^ 2*24 2.17
* ♦ +

S»)BU> oIq:^ 0.0^ 0.046



IVIDISXURB 29

Ragnesitsa (araol/X)

Adult maid Adult femalo
elQ^iants elei^iants elephants

2 1,053 1.004 1.022

2 1.238 0.935 1.039

$ 1.363 0.9SS 0.790

4 0.942 1.026 1.053

5 1.041 0.98S 1.084

6 0.967 1.113 1.003

7 0.380 0.936 1.024

8 0.909 0.952 0.736

9 1.127 0.888

10 1.047 0.971

11 1.27S 0.823

13 1.055 0.027

13 1.129 0.962

14 1.233 1.061

15 1.014 1.034

14 0.948 1.220

17 0.804 0.958

Mean 1.05 1*03 0.97

± + i,

S«8* 0.046 0.031 0.032
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AHRBXURS 31

Cosipor iooX/l)

Diby Multi male Adult £eculo
eiepiaats olosiiaRta elephantd

1 24.08 26.57 43.36

a 21.08 31.82 34.62 ̂

3 25.50 25.59 30.75

4 22.06 34.66 18.76

S 31.75 27.06 18.07

ft 18.37 31.35 28.93

7 22.44 27.95

8 27.92 30.66

9 29.65 29.93

10 23.96 54.17

11 41.36 25.46

12 32.74 43.37

13 27.92 SD.39

14 26.S3 50.36

IS 28.39 30.94

1ft 22.73 21.09

17 21.97

Mean 23.84 23.74 33.69

Jt 4-
wm

♦
4m

s,s« 3.4 2.0 2.x



Dxasxms 3a

xrmtopppeor ratio

Baly
elQl^aants

male

el^hants
Adult female
eleE^ianta

1 1.35 1.3S 1.28

2 1.42 1.48 1.36

3 1.25 1.23 1.06

4 2.23 0.8S 1.56

S 1.06 1.32 1.33

6 1.70 1.42 0.74

7 1.23 2.14

8 1.24 1.86

9 1.29 1.49

10 1.21 0.69

11 0.S6 2.05

12 0.@5 0.94

13 0.96 O.80

14 0.89 1.20

15 0.94 l.SO

16 1.37

17 1.30

mm USO 1*14 X.S3
*  it ^ i

sTb. our 0.06 0.U
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cidUiloelly noaltl^ 44 Xndilan olospiiaifeo# on vasylzig

«gQQ and laotn a®raoo» mainfeolnod undac idaal eooditicana ot

meoagonant fioeraod ottbjoeto for tn» study.

prodietlaa oquationa ta ootlroeto toady wai<^ tsm height

mk ficota UB0OX (waamjraaents had toaea dorixM. rmmt

body murgaffiQ a«oa An oiisphanta wao nioasuifad.

yoenaoatt gor oaritputatAon og totoA toady eurteso tunaoi

geon avoas o£ AtoSlviduai i^eoAnna of the tooi!^ oud gEora body

voAc^ and toai^ had boon pvooentad aa^ it» UMfiuAoaaa

dl0ouiaa«K3»

noKiaai aaiuQS £ar heonatoloQiaal poeamotayo atiUl.e

apaolgAo oravAty, vAo(»«lty, Aotaruo Andax, pii, ocNiottiatlon

tAm end asythCQoytA aQdltaaaftatlQn eatM had toaen aatahUahad.



IS rolnufteB. SO per oant oS osv^icoaytoct tvoA aottlod*

VQ9 oS QZTthrooyta eaSiineestAtion rota as a ciinioai taot

is diaeaasod*

Hiephsnts had lotf albunla ooA olc&uiin lo«<ala

and tho ratio waa loos ti^mi ono«

Tha olcxnurophorotlo ̂ roctlonation o£ total s^rotolne

end UpoptotQins havo toon dloeuaood* Polvnsrphlsm in

albumin was otiaoffvcd but no variant o£ haaraoglobin could

bo aatocted*

iiovelQ o£ o^^xtaroio oosaloacstio tranearainaoQ. 9li;ftafQla

pysuvio transominaost lactic detorSsoQcsaasa and crsatliMi

pbo^;i)o)anQoa have boon asaaycd*

Tho micioral status o£ tdtoi^iants bad boon ostabU^ed*

^4omai Isvsla of sodium* potaaaium* o^cium# magnoaium*

iron* <sopsm and r/^i^ as wall as tbo isonioa^^ier ratio

bad boon tforloed oitt«


