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Age-Related Trends in the Blood Chemistry and
Hematology of the Indian Carp (Catla catla)*

By B.C. Das

Catla catla (Ham.) is one of the major species of Indian carp
and was first classified by Hemilton in 1822, It is a soft-rayed teleost
fish (Class Osteichthyes, Subclass Actinopterygti, family Cyprinidae), and
is characterized by three median fins, dorsal, anal, and caudal, and
two sets of paired fins, pectoral and ventral. The head is scaleless
and the body is covered with cycloid scales; in color it is grayish
on the back and silvery underneath and on the sides, with dark
colored fins (Adams and Eddy, 1949; Day, 1958; Hyman, 1944;
Lagler, 1956). It possesses a large air-vessel, and in common with
other fishes, is poikilothermous or cold-blooded. Catla catla resides
in fresh or brakish water, both in rivers and ponds, and is a non-
predatory surface feeder, subsisting mainly on zooplankton and
phytoplankton, Its maximum rate of growth is during the first two
years of life, after which it becomes sexually mature, It reaches
asymptotic growth at 127.5 cm length, corresponding to an age of
more than six years (Natarajan and Fhingran, 1963).

Hematological studies of temperate zone teleost fishes have shown
that the red blood corpuscles are nucleated, oval shaped, and larger
than those of man. Concentration of hemoglobin has been found
to vary among different species, and generally to be lower than
that of mammals (Moft, 1957). There is a general absence of data
on the blood chemistry of temperate zone teleost fishes. In a previous
report from this laboratory, blood chemistry data on glucose and
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total protein were given for three major species of Indian carp,
Catla catla (Ham.), Cirhina mrigala (Ham.), and Labeo rohita (Ham.)
{Das, 1961b). Aside from this report, the literature does not reveal
any data on the blood chemistry or hematology of the Indian carp
amor of other tropical teleost fishes.

Among the normal physiological functions of the organism with
which the blood is concerned are respiration, nutrition, excretion,
maintenance of water content, hormone regulation, and Pprotection
against disease and injury. Data are gradually becoming available
which suggest that changes in the blood and blood supply ogeur
with growth and aging in human beings (eg., Goodale, 1955; Mazy
and Kelly, 1957; Das, 1964). These changes must be related to or
must affect the normal physiological functions carried out by the
blood. The demonstration of age-related trends in blood chemistry
and hematology in comparative investigations, across species, may
provide insight into the fundamental processes of growth from youth
to old age.

Catla catla waa chosen as the subject of the present investigation
of blood chemistry and hematology in relation to age because it is
one of the fastest growing species of Indian carp and reaches asymp-
totic growth at a relatively large size. For the study of age-related
trends in blood chemistry and hematology, the findings on a cold-
blooded species might be of interest when compared to data col-
lected on mammals. At the same time the data will fill in some of
the gaps in knowledge on the blood of tropical zone teleost fishes,
and particularly, characterize the species Catla catla. To permit
comparison with data collected on human subjects, standard clinical
methods of blood chemistry and hematology have been employed.

Methods

Thee bundred and twentyeven fish of the Catla catla (Ham.) species (abbreviated
as Catla) were randomly drawn from a natural pond adjacent to the laboratory (in
the nortbern industria) suburbe of Calcutts, India). The pond was 27 m wide, 46 m
long, and 4.5 m deep along the central live. It had been stocked mainly with Catla
at the beyonic mage following batching, but abo with immature Catla from.
other sources. As a result, the Catla population of the pond had a mixed age distribution,
Two months before the initial stocking of the pond with postembryonic Catla took
place, all the fish present were removed, and the pand was thoroughly cleaned and
fertilized with the oil-cake residue from the extraction of oil from mustard seeds. No
other artificial food was added. When the initially stocked fish were 210 days old,.
random samples of 6 to 10 fish were caught daily between 8.00 and 9.00 a.m. for
blood chemirtry and. hematology determinations. After being caught, the mmple fish,
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were kepl in & container in which the water was continually acrated. Between 9.30
and 10,00 a.m., blood was removed directly from the heart wsing a hypodermic syringe
with a 20 bore needle. Eight to tcn ml of blood were taken, depending on the amount
available. Carc was taken 1o avoid contamination of the blood with surface mucus
and water. All laboratory tests were begun within 30 min after removal of the blood
from the heart. The blood of cach fish was kept separatcly for purposes of chemical
and hematological analysis. EDTA (cthylene diamine tetra acetic acid) was used as
the anticoagulant for blood to be processed directly without clotiing as oxalate and
heparin were found to be unsuitable as anticoagulants for Catla blood. After removal of
blood, weight, length and height were recorded, and the fish was placed temporarily in
a container of water, It was then transferred ta another nalural pond so that no fish
would be sampled twice. More than 959 of the fish survived 1his procedure.

Measurements of 3 physical variables, 14 blood chemistry variables, and 5 hemato-
logical variables were planned for each fish in the sample. Due to an insufficient amount
of blood in some cascs. not all variables could be measured for all fish in the ample.
The variables are numbered consccutively from 0 to 2| [see columns (1) and (2) of
Table 11); variables 0, 1, and 2 are length, weight, and height respectively. After
removal of blood, each fish was weighed on a standardized scale in grams. Length,
defined as fork length in cm. was measured from the tip of the snout to the end of rays
in the center of the caudal fin (Carlander, 1953). Height, defined as the maximum
midsagittal distance in cm, was measured at a point immediately anterior to the dorsal
fin. Variables 3 10 16 were indices of blood chemistry, and standard clinical methods
were cmployed for their measurement [column (3) of Table 11). Variables 17 and 18
were hemalological indices which were measured by standard clinical methods [column
(3) of Table I1], while variables 19 to 21 were hematological in character requiring
the application of a new procedure. To ensure that the chemical and hematological
methods were giving acceptable values, it was necessary to use human blood as a
control in all determinations. The references for the methods used for variables 3 1o
18 are as follows: King and HWoolen (1936) for variables 3, 4, 6, 11, 12, 13 and 14; Hawk
et al. (1954) for variables 5, 9, and 16; Cradwoh! (1956) for variables 7 and 8; Tdmoky
(1958) for variable 10; Varley (1962) for variable 15; and Hepler (1955) for variables
17 and 18. Column (4) of Table I1 gives the units of measurement for all of the variables,

Attempts to carry out a differential count as l'or human I:ukocym were unsuccess-
ful with Catla blood. Instead, the following was di d to diffe
morpholegical types of Catla blood corpnlclu

(i) 2 ml of blood are treated with 5 mg EDTA anticoagulant;
(ii) a drop of the EDTA treated blood is placed on a slide, a film drawn, and fixed
in methyl alcohol (3 min);
(iii) the slide is dipped in cosin (10 scc);
(iv) the slide is washed in distilled water and then dipped in Stevenel's blue (15 sec);
(v) the slide is washed in distilled water and dipped in eosin (5 sec);
(vi) the slide is washed in distilled water and dried.

Examination of the slide under an oil immersion objective has revealed three
types of blood corpuscles. Type A corpuscles are oval shaped with a centrally located
oval shaped nucleus; their cytoplasm is suained light bluish violet while the nucleus
is staincd dark violet; no granules are observed. Type B corpuscles are round shaped
with an cccentrically located irregularly shaped nucleus; their cytoplasm is stained
blue while the nucleus is stained dark violet; fine granules are observed, Type C corpus-
cles are sickle shaped with a centrally located oval shaped nucleus; their cytoplasm is
stained light pink while the nucleus is stained dark violet; no granules are observed.
For cach fish, five slides have been prepared by the above procedure, and the mean
number of each type of corpuscle has been ded. These bers have been con-
verted to number 10t mm?,
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Results

Seven length-at-age groups have been defined in terms of length
and weight, and the age-length relationship determined for Catla
using Petersen’s length-frequency method by Natarajan and Fhingran
(1963). Table I gives the minimum, mean, and maximum values
of length and weight for each of the length-at-age groups, and the
corresponding minimum, mean, and maximum values of estimated
age in days. Photographs of two specimens of Catla are given in
Fig.1. The estimated ages are 350 days for A and 450 days for B.
Between the two specimens there is a difference in estimated age

Fig. 1. Photographs of two fish of the species Cetla catla (Ham.):

A, length 27 cm, weight 336 g, estimated age 350 days;
B, length 35 cm, weight 1012 g, estimated age 450 days.
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of 100 days, in length of 8 cm, and in weight of 676 g. These dif-
ferences illustrate the cube law, i.e., the rate of increase in weight
is the cube of the rate of increase in length. For the entire set of
data, the equilibrium constant or exponential power of weight
increase, in relation to length, is actually 3.09. This value, for pond
Catla, is slightly lower than the equilibrium constant of 3.28 reported
by Natarajen and Fhingran (1963) for river Catla.

Table II presents a statistical summary of the measurements
obtained for the seven length-at-age groups on the 22 physical,
chemical, and hematological variables. Four statistics are reported
[column (5)]: mean (M), standard deviation (s), cocfficient of
variation (CV), and number (n). While the mean and standard
deviation are expressed in the units of measurement specified in
column (4), the coefficient of variation is a pure number obtained
by computing 100 (). The seven length-at-age groups are identi-
fied by their estimated mean ages, in days, given above columns
(6) to (12), and the four summary statistics are reported by variable
for all groups.

The best fitting linear equation has been computed by the
Jeast-squares procedure to express, quantitatively, the relationship
between a given variable and length-at-age (Lewis, 1960). The
value of the variable, Y, can then be estimated by the fitted equation,

LENGTH (cm)

20 ) 0

g g g

AMYLASE ACTIVITY (UNITS 100ml)

w

200 300 400 800
AGE (DAYS)
Fig. 2. Amylase activity of Calla catla scrum in relation to length-at-age. The ordinate
gives amylase activity in units/I00 ml. The upper abscissa gives length in cm and
the lower abscissa gives the corresponding age in days. The straight line exhibits the
fitted relationship of amylase activity to length and the points represcat the observed
mean values of amylase activity for the length-at-age groups.
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Fig. 3. Calcium of Catla catla serum in relation to length-at-age. The ordinatc gives

calcium in mg/100 ml. The upper abscissa gives length in em and the lower albscissa

gives the corresponding age in days. The straight line exhibits the fitted relationship

of calcium to length and the points represent observed mean values of calcium for the
length-at-age groups.

Fig. 4. Free cholesterol of Catla (atla serum in relation to length-at-age. The ordinate

gives free cholesterol in mg/100 ml. The upper abscissa gives length in ¢cm and the

lower abscissa gives the corresponding age in days. The parabolic curve exhibits the

fitted relationship of free cholesterol to length and the points represent observed mean
values of free cholesterol for the length-at-age groups.

Y = a+b X, in which a and b are the fitted coefficients and X is
length in cm. For the following variables, a linear equation is
appropriate: amylase activity (see Fig.2), calcium, chlorides, crea-
tinine, acid phosphatase, alkaline phosphatase, total protein, blood
corpuscles, hemoglobin, and type A corpuscles. Values of all these
variables, except three, tend to increase with length-at-age. The
three variables decreasing in value as length-at-age increascs are
calcium (see Fig.3), acid phosphatase, and alkaline phosphatase.
For six other variables, a parabolic equation is more appropriate,
as the value of the variable decreases and then increases with
length-at-age. The value, Y, of these variables, is estimated by the
fitted equation, Y = a+b X+c¢ X3 in which a, b, and c are the
coefficients fitted by the least-squares procedure, and X is length
in cm. The six variables are total cholesterol, frec cholesterol (sec
Fig.4), cholesterol ester, nonprotein nitrogen, urea, and uric acid.
No equation has been fitted to type B or C corpuscles as no
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relationship with length-at-age has been observed. Table IIT gives
both the observed mean (M), from Table I1, and the fitted mean (My)
obtained by using the fitted coefficients in the appropriate equation,
The fitted coefficients are reported in column (4), the statistics are
specified in column (5), and values for the seven length-at-age groups
are presented in columns (6) to (12). The second length-at-age
group has been ignored in fitting a linear equation to the values
of calcium, and the first length-at-age group has been ignored
in fitting a linear equation to the values of alkaline phosphatase,
The hypothesis that the fitted equation expresses the relation-
ship between a variable and length-at-age is tested statistically by
t tests (Lewis, 1960). For each length-at-age group, M serves as the
hypothesized mean, and M, serves as its sample estimate, To test
the hypothesis, the difference between M, and M is divided by the
standard error of M,. The result is t, which is evaluated for signifi-
cance by comparing it with the tabled value of t; 5 (P < 0.05,
two-tailed) and ty g9 (P <0.01, two-tailed). The values of t are
reported in Table III, along with their levels of significance.
Each t test of the set computed for any variable provides a
statistical test of the significance of the difference between a pair of
observed and fitted means. The significance of the set of t tests for
a variable can also be evaluated using the partial or cumulative
sums of the binomial expansion. If only one t is significant out of
the seven t tests computed for the seven length-at-age groups, the
null hypothesis cannot be rejected for the set as a whole, i.e., the
probability of one t 2ty 4, is 0.30 and the probability of one
t 2 .99 is 0.07. If two out of seven t tests are significant, then the
null hypothesis can be rejected, e.g., for t, 4 the probability is
0.04 (Edwards, 1954; National Bureau of Standards, 1949). In the
present context, the null hypothesis for a set of t tests states that
there is no difference between observed and fitted values. This
hypothesis can be accepted for all of the chemical and hematological
variables except chlorides, nonprotein nitrogen and uric acid. For
these three variables, the fitted equation cannot be accepted as the
best expression of the relationship between the variable and length-

at-age.

Discussion

The blood chemistry and hematology of Catla are described in
terms of mean values on nineteen indices in Table II, Characteri-
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2ation of this species may be conveniently carried out by comparing
Catla values with normal human values. A comparison is feasible
because this investigation employed standard clinical methods
customarily used to test human blood in the same laboratory, and
samples of human blood were tested as controls throughout the
experimental period. Catla values and human values are similar for
total cholesterol, free cholesterol, cholesterol ester, creatinine, and
glucose. In view of its size and aquatic habitat, the similarity
between Catla and human subjects in cholesterol is noteworthy.
Catla values tend to be slightly lower than human values for calcium,
chlorides, and alkaline phosphatase. Amylase activity, nonprotein
nitrogen, and acid phosphatase reach high levels in Catla; values
typical for Catla would be regarded as abnormal in human subjects.
Total protein, urea and uric acid are low in Catla. Total protein
has also been observed to be low in Cirrhing mrigala and Labeo rohita,
two other species of Indian carp (Das, 1961b). Low values of urea
and uric acid are consistent with the hypothesis that aquatic
organisms can readily remove excretory products from their
systems. Hematological comparison reveals relatively low hemo-
globin, and a standard erythrocyte count of Catla’s nucleated blood
corpuscles also reveals low values. These hematological findings are
consistent with those reported for temperate zone teleost fish (Mott,
1957). These similarities and differences suggest that blood chemistry
and hematological indices can serve as species and family markers.
For Catla high values on amylase activity, nonprotein nitrogen, and
acid phosphatase may be uniquely characteristic; low total protein
may typify Indian carp (family Cyprinidac). Habitat, nutrition,
and other environmental factors may, on investigation, also be
shown to affect blood chemistry and hematology.

The period of most rapid growth in Catla takes place during
the first two years of life (Nalarajan and Jhingran, 1963). At the end
of this period, which is prepuberal, the fish reach a length of 50 cm,
which is approximately 409 of the length at asymptotic growth,
127.5 em. Changes in blood chemistry and hematology, if any,
which arc associated with changes in age may be amplified during
this period of accelerated growth. Examining fish according to
length-at-age (which is more directly measurable than age itself
in fish) the present results show that a number of blood chemistry
and hematological variables do exhibit such changes. Values of the
following variables tend to increase linearly with length-at-age:
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amylase activity, chlorides, creatinine, glucose, total protein, blood
corpuscles, hemoglobin, and type A corpuscles. The coefficicnts a
and b of the linear equations fitted by the least-squares procedure
are given in column (4) of Table III. Fitted mean values computed
using these coefficients are presented in columns (6) to (12) of
Table III for the seven length-at-age groups. To test the goodness
of the fit, t tests have been computed for each of the length-at-age
groups and the significance of the set of t tests for each variable
has been evaluated. The hypothesis of a linear increase with age,
during the prepuberal period, appears tenable for amylase activity
(see Fig.2), creatinine, glucose, total protein, blood corpuscles,
hemoglobin, and type A corpuscles. These.indices may reflect
synthesis or growth of the organism. From this set of variables,
glucose, blood corpuscles (as erythrocytes), and hemoglobin have
been investigated for adult human subjects in this laboratory.
Glucose showed a significant increase with age, erythrocytes
decreased significantly with age, and hemoglobin was not signifi-
cantly related to age (Das, 1964). An increase in chlorides for Catla
with length-at-age has been noted, but the hypothesis of a linear
fit is not tenable; in the human subjects, chlorides showed a
significant increase with age (Das, 1964).

As length-at-age increases, calcium (see Fig.3), acid phosphat-
ase, and alkaline phosphatase decrease in value for Catla (Table II),
and the hypothesis of a linear decrease with length-at-age appears
tenable (Table III). Only the first of these three variables has been
investigated in this laboratory for human subjects, and it showed
a significant increase, rather than decrease, with age (Das, 1964).
Children have been reported to exhibit higher values of alkaline
phosphatase than adults (Goodale, 1955); this report is consistent
with the present finding.

For six variables, an initially high value tends to decrease, and
then subsequently to increase, with length-at-age during the prepu-
beral period of Catla. This relationship may be described as parabolic.
The hypothesis of a parabolic relationship may be regarded as
tenable for total cholesterol, free cholesterol (sec Fig. 4), cholesterol
ester, and urea (Table III). For nonprotein nitrogen and uric acid
the fitted equation is apparently not adequate although the general
trend appears to be parabolic. A parabolic relationship may result
from the interaction of a number of factors. Initially active factors
may have an inhibitory cffect on a particular variable, and sub-
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sequently active factors may have a facilitative effect. Weight may
be considered as an example of the latter group of factors. It has
been observed to increase at a rate cubic to that of length in Catla,
s0 its effect will increase more rapidly than age itself. Data from
this laboratory have shown that weight influences cholesterol level
in adult human subjects (Das, 1959, 1960, 1961a, 1964). The oper-
ation of two factors, age and weight, could possibly explain the
observed parabolic relationship of cholesterol to length-at-age,

These data have suggested that values of blood chemistry and
hematological variables do change with age in Catla. Data have
been reported elsewhere which suggest that age may influence
these variables in human beings (Goodale, 1955; Macy and Kelly,
1957; Das, 1964). The confirmation of relationships between age
and blood chemistry and hematological variables in future studies,
both within and between species, may guide detailed investigations
of the chemistry of growth and aging as well as of age-related
changes in the functioning of the organ systems,

Summary

Blood chemistry and hematological variables were measured
in 327 fish of the Catla catla (Ham.) species of Indian freshwater
carp. Using length-at-age determined by Petersen’s method, the
fish were found to vary from 210 to 529 days of age. They were
allocated to seven length-at-age groups, having mean ages of 228,
301, 347, 392, 411, 438 and 475 days.

Twenty two variables were measured: three physical variables
of length, weight, and height; fourteen chemical variables for blood
or serum, ie., amylase activity, calcium, chlorides, cholesterol
(total, ester, and free), creatinine, glucose, nonprotein nitrogen,
acid and alkaline phosphatase, total protein, urea, and uric acid;
and five hematological variables, i.e., hemoglobin and three types
of blood cells (separately and combined).

For each of the variables, mean, standard deviation, and coef-
ficient of variation have been computed, separately by length-at-age
group, and equations have been fitted to length-at-age for each
variable using the least squares procedure.

Values of the following variables tended to increase linearly
with length-at-age: amylase activity, chlorides, creatinine, glucose,
total protein, hemoglobin, and blood cells. Values of calcium and
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of acid and alkaline phosphatase tended to decrease lincarly with
length-at-age, A parabolic relationship with length-at-age was
observed for total cholesterol, free cholesterol, cholesterol ester, non-
protein nitrogen, urea, and uric acid.

The implications of these results for the physiology of growth
and aging are discussed.

Qusammenfassung
Bei 327 indischen chhwnmrhrpfen Catla catla (Ham.) wurden chemische und
logische Bl ht. Die Fische waren nach der Methode von
Petersen, bCl das Alter nach der Llnge bestimmt wird, 210-529 Tage alt. Sie wurden
in 7 Lang mit d lichem Alter von 228, 301, 347, 392, 411, 438
und 475 Tlgcn emgr.mll
22 Variable wurden besti drei phyzikalische betreffend Linge, Gewicht und

Hahe, 14 chemische im Blut oder im Serum nlmhch Amylascaktivitit, Calcium, Chlo-
ride, Cholesterin (Total, EA(er und fmu), Km(mm, Gluoosc. Nichtproteinstickstoff,

saure und alkalische Ph , sowie 5 hima-

logische Besti undszL globi und" i von 3 Arten
von Blulullen (einzeln und kombiniert). Filr jcde dmer Bestimmungen wurde der
D die Stand: ichung und der Vari. ffizient bei jeder Langen-

altersgruppe bestimmt. Fir jede Altengruppc wurden nach der «least squares-Methode
Gleichungen fir jede Variable aufgestellt.

Die folgenden Werte nehmen mit dem Alter linear zu: Amylaseaktivitit, Chloride,
Kreatinin, Glucose, Gesamtstickstoff, Himoglobin und Blutzellen. Calcium, saure und
alkalische Phosphatase nchmen linear ab mit dem Alter. Ein parabolischer Zusammen-

hangmndemAl(:rwurdefmT Icholesterin, Cholesteri; , [reies Chol
Nich ickstoff, Harnstoff und Harnsi find
Die Bed g der Resultate fir die W: \ch und Altersphyziologie wird
diskutiert.
Résumé
Un certain nombre de éristi et hématologiques de Catla calla,

poisson d’eau douce Indien, ont été émdléu sur 827 animesux. L’4ge de ces derniers a
été estimé d’aprds leur taille, suivant la méthode de Petersen; il variait de 210 & 529
jours, Les poissons érudiés ont été répartis en 7 catégories d’dge, correspondant respec-
tivement & 228, 301, 347, 392, 411, 438 et 475 jours.

22 variables ont &té mesurées: longueur, poids et hauteur du corps, activité de
I'amylase sérique, calcium, chlorures, cholestérol (total, estérifié et libre); créatinine,
glucose, azote non protéique, phosphatases acide et alcaline, protéines totales, urée,
acide urique, teneur en hémoglobine et nombre de cellules sanguines.

Dans chaque cas, on a calculé la moyenne, I'dcart type et le coefficient de variation
et étudié leurs variations en fonction de 1’ge.

L’activité de I'amylace sérique, les teneurs du sang en chlorures, créatinine, glucose,
protéines toulu eten hémoglobine, ainsi que le nombre de cellules sanguines, tendent &

avec I'ige. I le calcium sanguin ct les phosphatases
acide et alcaline diminuent au fur et & mesure que le poisson augmente en taille. Un
rapport parabolique a été observé entre Pdge et le cholestérol (total, libre et estérifié),
I'azote non protéique, I'urée et I'acide urique.

L'auteur discute les conséquences de ces résultats pour la physiologie de la crois-
aance et du vicillisement des poissons.
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