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A QUANTITATIVE METHOD FOR THE STUDY OF BUFFALD
SKIN STRUCTURES

M.A. MAJEED!, M.D. AHMAD?2, M B. SIAL2 & M. ATMAL!

A comprehensive method for (he quantitative study of {9
different paramziers of skin is described, I ¢consists of sampling,
processing, stining. enumeration and other evaluiztion pro-
cedures.  Three of these parametera perrain to  thickness
measuremsnts, three to freguency estimates, four each to ordinary
and piant tvpe of hair follicles, and the remaining five envisage
swrat gland measurements,

A trephine is designed which can bs used on a living

buffulo ar on hae detached skin. It ¢can punch circular samples

of appreximately 1em: surfuct area each. Samples of this

size are not only easy to manipulate but also help in enlarging

the scope of the study and enhancing the reliability specially of

its Frequ:n-:f' estimates. A method for the astimation of surface

aren of 2 whole detached skin is also devised.

INTRODUCTION

Skin structures of the European (Bos rawris) and tropical (Bos indfeus
caitle have been shown to differ 0 much in thsir per unit area {requency,
form and even location that mapy of these features are now considersd
important to their overall heat balance (Bianca, 1965). Soms of these
characteristics have, also b2en ovsed in tracing the origio of different breeds of
catlle, their inter-reiationships and their overall classification (Jenkinson and
Nay, 1968, 1972 and 1973) Their contemplatad use in the selection of dairy
cattle (N1y and Jenkinson, 1954) has prompted their detailed study in other
dairy animals, ¢.g., the domestic buffalo (Bos bubalis). i

Quantitative findings can bz misleading until and ualess all the para-
meters studied are clearly definzd and standardized sampling, processing,
enumeration and calibration procedures are adopted, An attempt is, thersfore,
made to define the more commaonly studied parameters of skin and to describe
their methods of study in this fast emmerging daity animal of the East,

DEFINITIONS AND METHODOLOGY

Diferent procedures are described in the same aorder in which it is
convznient to proceed. The same sequence may, therefore, b2 mzintsined.

- — —
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A. Sulace Ares
Each whole skin is weighed soon after the slaughter of the amimal
{W,). sctangular pieczs of exactly 15X 3 cm size are obteined from all
the diffzrent locations to be studied and their composite weight (W3] taken.
Surface area of each whole skin is then estimated by the formula :
. . !“1- 2 *, Wl

A| E— =
W

where :

Ay = Estimated surface area of a whale skin.

Ay =z Area of n nymber of rectangular piecss of skin together, or
n{ls x 5) em2,

W= Total weight of a whole skin. _

W.= Composite wzight of n fumbsr of rectangular skin pieces
togethar. ;

B. Thlckness Mensurementa

Gross skin thickness (GST) is measured by a vernier calliper and 15
expréssed in millimeteres (mm). Al supzrfluous ha'r, subcutanecus fat and
cotaneons muscle removed rectangular piscas of skin are double folded and
thickness readings taken at five random points.  Mean of these measurements
is considered typical GST maasureniznt for the location.

Total epidermal thickness (TET) is the mean shortest distance  between
the bottom of any five first encountered downgrowths or pags and the free
surface of skin. Following Hafez er g/ (1355}, TET is subdivided into main
and papillomatous portinns, The ratio batween the two, expressed as

main part x 1063
percentags = is termed per cent main epidermis {(PCME}.
papillomatous part

Both the paris of TET are measured with the help of a previouesly
calibrated eye-piece micromater scale (Nay and Hayman, 1956) and the read-
ings converted to microns ). Stained 25 u thick serial vertical sections of
skin are used only at points where the stratum corneum is intact. Oblique
sections of skin in which the hair follicles do not show typical bulbs at thelr
roots, are ali ignored. '

C. Sampliog and Fixation Procedures

Fach denuded rectangular skin piece of 15x5 cm size is ﬂpptnﬂcd
heir side down, on a I cm thick deodag-wood slab of the samie sizé and left
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in neutral formalin. Four drawing pins, ons oceupying each corner, are
vsed to secure the picce.  Each of these skin piaces is disengaged the following
day, held securely over a larger yet thicker pad of firm synthetic foam and eut
irmo & rumber ¢ F chicular skin pieces by successive vertical thrusts of an electric
dtill driven trephine (Plate 1}. Qwernight stay of the relatively thicker skin
sgmples in ngutral formalin cauze considerable expansion of their loose dermis.
#5 the preater part of the corium below the follicle papillae is not reguired
for study, it is trimmed away after Carter and Dowling [1954). A sharp
Fair of large scissors is used to carefully bisect the desired number of
circular skin pieccs in the exact dirsction of the hair stubbles. All uneven
and out of shape circnlar and semi-circular skin pieces are discarded and the
rest placed in fresh nectral formalin for another 24 hours.

D. Processiog and Stalnlng Tecknques

All the thus fixed skin pieces are washed in running water for over
two hours. Dehvdration is done for two houts in each of the usval grades
af ethanol. Clearirg is done in two changes of xylene. A period of two
hours, in cither ol the two changes of melted paraffin (M.P. 56°C) in a
vacuum oven under 20 lbs of pressure, is absolutely necessary for proper
impregration. Embedding is done in such 3 way that the stright ends of the

semicircular skin pieces and Lhe epidermal side of the circular ones could
finally face the microlcme knife.

Both 254 or P p thick, vertical and hortzontal serial sections ate gblained
respectively from the semicircular and the circular skin pieces. A rotary
microtome provided with an indicator dial (A O Spancer Model 320) is used
for cutting the stctions. To facilitate even spreading, appropriate sizzd
ribbans are mads to float oo warm water at 53°C for about 10 minutes in a
thermostatically controlled water bath, All these sections are picked up on

Mayer's albumen applied glass slides which are made: to dry on a thermo-
statically controfled hot plie for two hours,

The choice of the staining procedures resty on the parameters 1o be
studied. If the rate of cutaneons pigmentation is to be determined the dege-
rated 25 p thick serizl vertical sections are moutted in canada balsam without
staining (Goldsberry and Calhoun, 1251).  Aqueous Colestine blue {Humasen,

1966) treated scoiions when stained with Yan Gieson stain (Jones, 1966) aid
" jo distinguishing between the wvarious skin structures which promote their
precise measurements. The routing hematoxyline and eosin stain (Humason,
1966) is yet another sasily available alternative.
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E. Frequency Estimates
The sparse hair of the buffalo are known to be of two distinet sizes
(Yamane and Ono, 1936 Halez et al., 1955).  Hair follicles showing a

diameter of 200 4 or more are arbitrarily classified as giunt follicles (GF) as

against all others which are termed the ordinary follicles (OF).  Because the

L
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area of esch cirenlar skin picce is approximately 1 rm? the number of hair
follicles encountered m each of its fntact horizantal sections is directly taken
as total hair Follicle frequency (THFF} per cm? of the unprocessed skin.
Following Yamane and Ono (1938) and Hafez et of. (19553). THFF is also
consdered to be an est'mate of total sweat gland frequeney  ({TSGF). The
ratio bziween giant fuilicle Mrequency {(GFF) and THFF when exprossed in

GFFx100
pereentape ————— s termed rer cont gignt follicles (FCGE)

THFF

The 6x eye pisec of an ordinary light microscope is furnished with o
squared 1 em? graticule.  [is superimposed image on the slide not only lacili-
tates the distinction between the two types of the hair Ioliicles but alse guides
the eve, at the time of the count, in the same manner as the squares of a
hemocytomedar guide the count of the blood cells.  Stained 23 p thick serial
horizontal sections are scanned under the low power : ¢nce for recording the
THFF and a second time {or taking the GFF.

F. Hair Follicle Measuremenis

Length 1L}, depth (D) and diameter (DM} of the hair follicles are
separately measured in oany 20 and any 10 firsg enconntersd hzir {olligles
of ordinary {OF) and giant (GF) types, respectively,  All these measuraments
are taken in microns () with the help of an eye picee micrometer scale alter
May and Hayman (1956) but in necordunce with the definitions of Jenkinson
and Nay [1968). Their respective angle of slope (AS) are, however, deter-
mined by trigonometry (Jankinsen and Wiy, 1972). Only the {ull lengih
visible longitudinal sections of tha kair follicles are pauged for taking L. I»
and AS msasurements. These m=azuremsnts are taken from stained serial
25 p thick, vertical seztions of skin, Readings on DM are taken from stained
serial horizantal seationa of the sama thickness, No oblique section of the
hair follicle, wvertical or harizantal, is calibrated. Bleans of all these
tmeasurements are recorded as typical values of the parameters in guestion,

G. Sweat Gland Measurements

Length {L), diamerer (DM) and volume (¥) of the sweat glands (8G}
ate defined after Nay and Jenkinson (1964) but their depth (D) s taken in
accordance with the definition of Nay and Huyman (1956}, Onme rcading i3
tgken on cach of the 10 first observable sweat glands for SGL and SGD,
while three readings per gland are recorded in case of SGDM (Nay and
Hayman, 1956). Ten random glands are thus calibrated and the mean taken
a5 the 1y pical value of the paramzter in question. Ouoly the maximally exposed
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longitudinai sections of the unmutilated sweat glards are calibrated from

25 ¢ thick, stained, setial, vertical sections. Distorted, collapsed or incom-
Pletely visible glands are ignored.

Volume (VY of the sweat glands is determined by the formuls :
_8GY = g x |} 5GDM? x SGL
end is expresied in w3 x 106 (Nay and Jenkinzon, 1954),

RESULTS AND DISCUSSION

The technique described in the preceeding sections was developed and
tested during the course of a recontly concluded study in which attempt was
- made to ascertain some quantitative aspects of the indigenous buffalo heifer

- skin (Majeed ef af,, 1973). It is on the basis of this experience that the
said procedures are being discussed,

Severa] physiological factors are known to influence the owsrall size of
skin in animals. As such its calibration in the living state is usually not easy.
The proposed method estimates it from its total weight which is not difficult
ti take in the detached skins. Moreover, it aims at excluding some of the
transitory variations in skin sfze, £.g., thase due to excitement, climatic fictors

- and the like. This method, however, cannot be used in the living animals,

Proper calibration of any structure would require not only a clear view
of the whole structure in its normal form and natural state but would also
need reliable means to do so. Many of the skin structures stodied being
sub-microscopic cannot be calibrated untill and unless the tissue has ben cut
into thin sections and the structure in question differentially stzined. But

both these processes can disturb the original form and natural size of the
soft skin structores,

Well known curling of the skin tissue during processing may affect
the ullimate size of different samples zo variably that a fresh corrcction factar
may have to b2 warked out, for each and every sample, if the frequency
estimatzs made on & fraction of such 2 section are to ke projected over the
whaole body. Biotters worked well when stappled pround the fire sking of fur

. animals, as well &g, sheep (Schied, 19534) but gave in when applicd around
comparatively thicker tkin of the buffulo.  Sufficient flattening cum hardening
. effect is, however, produced by affixing the rectangular pieces of buffalo
. heifer skin on wooden slabs. This facilitates smooth punching which gives
added nccuracy particularly to the frequency estimates. Denuded state and

- the hair side down position of the skin at the time of the first fixation hastens
.- the desired affact.
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Hand operated Bopsy putich of 1 em internal diameter (Carter and
Dowling, 1954). and electric-drill-driven hollow ended steel bits of 0.2 and
0.4 cm (Evans et al, 19373, ot 0.373 cm (Findlay and Jenkinson, 1960}
internal diameter have all been uscd for obtaining the biospecimens of skin in
cattle.  But only a lcaction of the thus obtained samiples is calibrated and
a correction factor is applicd which has been said to satisTactorily account for
the shrinkage in the course of processing. However, for the thinly haired
buffale skin (Hafez et af. 1955 and Majzed ef al, 1573) this size of the
semple is neither easy to orientate at the time of bisecting the cireular skin
picce nor the seanning of its small portions can give satisfactory estimates of
the total hair follicle frequency (THETF).

In order to obtain samples of manageable and reasonable sizea trephine
with an internal digmeter nf 1,13 cm is designed (Plate 1). Tt is worked by
an electric drift capable of making 3000 to 5000 rpm.  Too deep penetrations
are guarded against by its built-'n shouldars and the upper hale on its bedy
fucilitates its evacuation. As each intact horizontul sectfon of the circular
skin piece is scanned in full and the readings dircetly taken as estimales of
THFF or TSGF per cm? of the unprocessed skin, consideration of shrinkage
becomes unnecessary.  Furthermors the much larger sample size not only
improves the reliability but also facilitates manoeuvreability particularly at
the time of bisecting and trimming.

All skin processing methods advocate spegial care in following the
direction of the hair at the time of preparing vertical sections. This is because
in this way one is likely to get the maximum number of full length visible
longitudinal sections of the hair accompanying sweat glands, Obviously,
their oblique sections are likely to give low readings of their true measuremesnts,
A gouod sectioning procedure must, therefore, ensure that majority of ita cuts
are parailel to the direction of the hair, This is all the more important for
the thinly haired skin of the buffalo (Hafez er al., 1953; Majeed ef of., 1973

in which case each sweat gland lost in processing affects the limited size of
the sample more adversely.

Sections cut by hand after Nay and Hayman (1956} from ths op-
embedded skin pieces are in most cases neither of constant thickness nor of
uniform quality. An unzven pressure on the razor blads may distutb the
crucial ditection of the cuts or disfigure the structures under study. An
unequal drying may likewise disturb the gland size differently. Szveral of the
prozessing, staining and mounting steps in all the mvogue techniques bring
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different grades of ethyl aleohol in direct contact with the skin tissye, The
resuliant dehydration may reduce the overal] size of the selt skin stroctures

of modify their shapes. Al the same, so far there eeems to be no esvape
either from these procedures or from these rezgents,

Some of the more salient sources of variation in different steps of
sampling, precessing, staining and calibration methods are thus brought out,
This should not in any way suggest that the technigue under discussion can
exclude all this variability. Al what it aims at s minimizing this variation
or making it wniform by (i} enlarging the sample sizz, (i} inereasing the
number of obssrvations, and {jii) by consistently following 8 preset rontine.
Following steps are particularly heipful in achieving this objective ;

() Application of rectangular skin pieces on wooden slabs and constant
‘use of the same fixative for identical length of time reducez the
. Shrinkage and makes it {ess variable,

(b} Large sized circular skin pieces facilitate trimming and bisecting
steps : making the alf crucial first cut parallel to the direction of
the hair stubbles,

(¢} Embedding in paraffin and cutting by a microtome help in main-
taining this direction in all the subgsequent cuts and in saving the
patural shape of the sweat glands.

(d) Identical processsing, staining and calibration procedure, specially
the reagents used, timings observed and the conditions worked in
add to the much needed upiformity. :

&) A fined schedule of spreading the ribbons and drying the sections
‘Bt constant temperatures for identical periods of time helps reduce
this source of variation.

{f }° Consistent use of the same differential stain on the serial sections
7 of the same thickness enhance the precisian.

{8} Rejection of all the out of shape samples at various stages of the
procedure makes the experimental materials more homogeneous.
LITERATURE CITED

Bianca, W, - 1965, Reviews of the progress of dairy science, Section A,
Physiology, Cattle in hot #nviroonment. 1. Dairy Res., 32 291—345.



A MEeTHODR FOR SKIN STUDY 175

Carter, HB. and D F. Dawling. 1$34. The hair follicle an1 apocrine gland
population of cattle skin. Aust. J. Agri. Res., 5{4) ; 745754,

Evans, C.L., A.M. Nisbet and K.A. Ross. 1957. A histological study of the
sweat glands of normal and dry coated horses. J. Comp. Path, &
Thetap., 67 {4) : 397—405.

Fmd]'ay, 1.D. and D. McEwan Jenkinson, 196), The morphalogy of Bovine

sweat glands and the effect of heat on the sweat glands of the Ayrshire
calf. J. Agri. Sci, Camb. 55(2) : 247249,

Goldsberry, §. and M.L. Calhpon. 195]. The comparative bistology of the
gkin of Herford and Aberdesn Angus cattle, Amer. J. Vet. Res,
207(d) = 61—68.

Hafez, ES.E., A.L. Badreldin and M.M. Shafei. 1955 Skin structure of

Egyptian buffaloss and cattle with particular reference to sweat glands,
). Agri. Sci., Camb., 46{1} : 19—30,

Humason, G.L. 1966, Animal Tissye Techniquas. 2ad ed., W.H. Freeman &
o., S8an Francisco.

Jenkinson, D. McEwan and T. May, 1968, Sweat gland and hair folicls
measurements as indicators of skin type in cartle. Avst. J. Biol, Sci.,
21: 10D1—I|011.

Jeokinsor, D, McEwan and T. Nay. 1972, The sweat glands and hair follicles
of European cattle. Aust. F. Biol. Sgi., 26 251-275,

Jenkingan, D. McEwen and T. Nay. 1973, The sweat glands and hair
folticles of Asian, African and South American Cattle. Avst, J. Biol,
Bci., 26: 259275,

Jones, B, MeoClung. 1966, Basic Microscopic Technics. The University of
Chizago Press, Chicago.

Majeed, M. A, M B. Sial, M. Ajmal and M.D. Ahmad. 1973, Quantitative
data of Nili-Ravi buffalo beifers in summer. IRCS (73-8) 45-1-4,

May, T. and¢ R.H. Hayman. 1936, Sweat glands in Zebu (Bos indicwr L) and
Europzan (Bos taurur L} cattle. I.  Size of individual glands, the dense-
ness of their depth below the skin surface. Aust. J. Agri. Res.,
7(5) : 482404,



176 PAEISTAR JOURNAL OF AGRICULTURAL SCIENCES

Nay, T, and D. McEwan Jenkinson. 1964. Skin structure and milk prodoction
of British dairy cattle, J. Dairy Res., 31{1) : 53-58.

Schied, R.J, 1964. Minimizing curling of skin biopsies by blotting paper-
supports during fixation, Stain Technology, 354} : 196

Yemane, J. and Ono, Y. 1936, Rassenanatomische Untersuchungen der
Hautstruktur vom Buffel, Zzbu, Formosarind und Friesisch-Hollander

im Hinblick auf das Problem der Trepzmanpassung. Mem, Fac. Sci.
Agri, Taiboku 19 ; 87—136.



