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Review Article

Goat serum: An alternative to fetal bovine serum in biomedical research
Smita Paranjape*
National Institute of Virology, 20-A, Dr. Ambedkar Road, Pune 411001, India
Serum is frequently added to the defined basal medium as a source of certain nutritional and macromolecular growth
factors essential for cell growth. Although a number of synthetic media have been prepared serum continues to be used in cell
culture by many investigators. The best supplementation to a basal medium is fetal bovine serum (PBS) that is most frequently
used for all types of cell cultures. During last four decades National Institute of Virology, Pune, has been working on isolation
and identification of viruses from clinical specimens, employing tissue culture. Initially PBS was used for this purpose.
However, due to its prohibitive cost and uncertain supply an alternative was sought. Commercially available sera from newborn
calf, sheep, horse, human and serum obtained from goat blood (available from local abattoir) were tried. Goat serum (GS) was'
found to be suitable for most of the cell lines and primary cultures. Primary cultures from guinea pig embryo, monkey kidney,
chick embryo, mouse peritoneal macrophages, and established cell lines were prepared and grown in growth media
supplemented with GS. These cultures were studied for their morphology and growth in comparison with cultures grown in
PBS containing media, and were used for mass cultivation of cells, quantitation and susceptibility of various virus strains,
studies on effects of different nutrients and natural substances on cellular metabolism and virus replication, epitope analysis of
various strains of Japanese encephalitis (JE) virus, strain differentiation studies, studies on antibody dependent plaque
enhancement, assay of murine migration inhibition factor. Monoclonal antibodies against JE virus adapted to GS were
characterised for their retention of functionalities. The results were comparable to those of cell cultures grown in PBS
containing media. Similar results on chromosome studies were obtained from patient's whole blood cultures prepared in GS and
PBS contai ning growth media. Organ cultures from mammalian, reptile and avian hosts; successfully grown in GS
supplemented growth media, were used for different virological studies. Growth media supplemented with GS were used f{)r in
vitro cultivation of malarial parasites. Thus since the last three decades many scientists are using GS in place of PBS, in various
fields of biomedical research. The present article reviews an account of the same.
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Serum is a traditional cell culture supplement for
mammalian cell cultures both in small and large scale.
Cultures of mouse L and HeLa cells were routinely
prepared in mixture of serum, embryo extract and
saline l . When minimal medium such as Eagles
Minimum essential medium (MEM) is used, serum
can remain a source of essential nutrients and cofactors such as vitamins and some of the amino acids.
A more complex medium may provide all of these
nutrients and still inadequate to support the growth of
many cells in serum free medium. In such cases role
of serum is identified. Which include providing
hormones and growth factors or transport and binding
proteins, that present nutrients or hormones in
preferred and nonbasic forms 2 • Serum contains
attachment factor such as fibronectin and serum
spreading factor, which provides attachment to the
substratum. Such attachment is required for the
growth of some but not all cells in vitro. In addition to
this serum may play a role on stabilising and
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detoxifying the culture environment e.g. serum has
significant buffering capacity and contains specific
protease inhibitors such as al antitrypsin and a2
macroglobulin. Serum albumin present in high level
(10%) may act as a non-specific inhibitor as well as
binds fats, vitamins and steroid hormones, which may
be toxic in free forms 3 .
Sera used in culture media include fetal bovine
serum (FBS), adult bovine serum and bovine calf
serum. Fetal bovine serum has been most important
cell culture supplement because it supports
multiplication of most cell types. Its growth
promoting activity is better than adult bovine or
bovine calf serum. Fetal bovine serum has low total
proteins and immunoglobulin contents. It is rich in
growth factors, vitamins, hormones and other
nutrients that are essential for proliferation of
mammalian cells4•5 • Research in cell biology and
biotechnology has led rapid consumption of FBS. As
a consequence of increasing demand, FBS is limited
by its availability and cost. Demand for alternative to
FBS led to development of commercial products e.g.
sera from adult and bovine calf, sheep, horse, and
human; growth factors, hormones and other nutrients6 .
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Tissue culture section has been established at the
National Institute of Virology (NIV) [Previously
Virus Research Centre (VRC)], Pune, in 1952 for
virus isolation from field samples and related studies.
To begin with, primary cultures from chick embryo
. and monkey kidney were used. These cultures were
generally prepared in the growth media supplemented
with either imported FBS or calf serum (CS) from
VRC calves. During 1956 many cell lines were
imported from American type of culture collection
(ATCC) USA. All these cell lines were maintained on
growth media supplemented with FBS. As the
workload increased, there was increase in demand of
FBS. Therefore sheep, bovine, horse and human sera
from various sources were tried for their suitability to
grow different cell cultures. All these sera were first
tested for the presence of antibodies to Toga-viruses.
Some of the sera contained antibodies to Chittoor
virus (an animal virus) while others had antibodies to
flaviviruses . Cytotoxicity of these sera was tested on
different primary and established cell cultures. All the
sera were found to be suitable for primary cultures
and different cell lines except Baby Hamster Kidney
(BHK-21) cell line.
Study on the suitability of sera from suckled and
un suckled cow and buffalo calves was undertaken7 • Sera
from unsuckled animals were comparatively better
than suckled ones for the growth and maintenance of
Vero, HeLa and BHK21 cell lines. However, all the
sera were available in limited quantities. Therefore it
was thought to screen Goat serum (GS); which was
easily available. To prepare GS first lot of goat blood
was obtained from the local abattoir in May 1968.
The method followed for collection of blood and
separation of serum was as described below:

Collection of goat blood
Keep muslin cloth covered bucket little away from
the actual place of slaughter. This is to avoid water
splashing into the bucket when the workers hose the
area with water. Keep the jugs handy. As soon as the
animal is slaughtered collect the blood that spills out.
When the jug is full, pour it into the bucket. Allow the"
blood to clot at room temperature. Loosen the clot
from the sides with a glass rod and puncture the clot
at a few spots. Leave overnight at 4° C.
Separation of serum
Next day gather the ends of the muslin cloth and
lift the cloth up. Discard the clot on the muslin cloth.
Pour the serum blood cells mixture into 250 ml
centrifuge bottles. Centrifuge at 2000-3000 rpm for
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30 min at 4°C. Pool the clear serum in two litre
conical flask. Keep it cool. Set Seitz filter assembly
containing a non-toxic asbestos pad. Pour 200.0 ml
saline to rinse the filter. Then filter 100 ml serum.
After filtration shift the assembly to laminar flow
cabinet. Remove the flask and fit a fresh filter flask.
Set up the assembly and fill the remaining serum and
filter. Avoid frothing. Collect the filtered serum in
saline bottles. Test for sterility by inoculating 2.0 ml
from each lot into two tubes containing fluid
thioglycollate medium. Incubate one tube at 37°C and
other at room temperature. Observe for sterility up to
7 days. Inactivate the serum at 56°C for half an hour.

Quality control tests
The serum was tested for the presence of antibodies
by
(to
viruses
routinely
used
at NIV)
haemagglutination inhibition (HI) test. Most of the
batches of sera were free from antibodies. Some
contained antibodies to Chittoor virus and a few
contained antibodies to flaviviruses. The serum was
then tested for the growth and maintenance routinely
used primary cultures and different cell lines. Growth
media supplemented with different concentrations of
GS were used for this purpose. It was observed that
GS could be used satisfactorily for the growth and
maintenance of primary cultures and all the cell lines
except for the BHK-21 cell line and the results at
various concentration levels of GS were comparable
to those of FBS. For the cryopreservation of cell lines
growth medium supplemented with 20% GS was
used. Growth medium supplemented with 20 % FBS
was used as a standard to compare the results. All the
cell lines could be stored in liquid nitrogen with the
revival rate (95-99%) similar to that obtained in FBS
containing media. The tested serum was distributed
into 100 ml aliquots and stored at -20°C.
Biochemical analysis of different batches of GS
and FBS showed high contents of total proteins and
gamma globulin in GS as compared to FBS. Glucose,
insulin and fatty acids contents also showed variation
in different batches of GS and FBS8. Gamma
globulins were ten times higher in GS than in FBS,
which can be eliminated by Poly Ethylene Glycol
(PEG- 6000) treatment. On an average GS was found
to be suitable for most of the primary cultures and
established cell lines except BHK-21 cell line.
Therefore imported cell lines; which were on FBS or
CS were adapted to GS.
Since 1969 the activity of stock cell culture
maintenance of Indian Council of Medical research
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(ICMR), which was carried out at Cancer Research
Centre (CRI) Bombay; was transferred to VRC Pune.
Five cell lines were brought from CRI, Bombay to
VRC, Pune. Those were Vero, BHK-21, L-M, HeLa
and MFSB. Except BHK-21 all these cell lines were
adapted to grow in the growth medium supplemented
with 10% GS. For the replacement of FBS by GS a
standardised protocol for slow adaptation was
followed spanning twenty serial passages (over a time
period of 11 weeks). The praportion of GS was
increased at every passage with simultaneous
decrease in FBS. The total serum supplement was
maintained at 10% level. During this process the cells
showed tendency to detach from the substratum and
culture showed anchorage dependent and suspended
cells. After growing the cells in complete GS
supplemented medium for a few passages, all the cells
in culture exhibited anchorage dependent growth. In
1967 continuous cell lines from larval cells of Aedes
aegypti (ATC-1O) and Aedes albopictus (ATC-lS)
were established using growth medium containing
FBS in place of hemolymph. Due to scarcity of FBS
attempts were made to adapt these and many other
mosquito cell lines to GS 9. 1O • Thus, it was clear that
GS could be used in place of FBS for most of cell
lines. Therefore, since 1970 various types of studies
were carried out using GS adapted primary cultures
and established cell lines (Table 1).
Primary cultures of mouse mammary epithelial
cells prepared in GS containing growth media
exhibited higher attachment efficiency and lowest
thymidine incorporation II . Goat serum containing
growth media were comparable to FBS supplemented
media for attachment and growth of primary retinal
glial cells (RET) compares basal tissue culture
feathers noncortical glia (CX) and rat retinal glial
(C6) line l2 . Castillo et al. 13 used GS as a substitute to
calf serum for growing primary cultures of fibroblasts
from chicken and hamster kidney. These cultures
were used to study the growth of Eastern equine
encephalomyelitis virus. The results were comparable
to those of cultures prepared in FBS containing
media. Goat serum as well as FBS supplemented
media caused increaseo permeability in tight junctions
of cultured epithelial MDCK cell monolayers l4 .
Studies on in vitro cultivation of murine lymphocytes
isolated from spleen and lymph nodes of Swiss mice
indicated that the GS may be used instead of FCS.
The cell viability, percentage of blast cells and DNA
synthesis induced by Conca valin A were quite similar
in both GS and FCS containing media l5 .

Adaptation of BHK-21 cell line to GS
BHK-21 is a fastidious cell culture. It requires
medium supplemented with FBS for its satisfactory
growth. Since sera from bovine calf, sheep, horse,
human and goat were not found to be suitable for this
cell line, different modifications were made to adapt
the cell line to the medium supplemented with GS.
However, after three passages the cells showed
granulation, degeneration and the growth was slow.
Sub-lines of BHK-21 cell line were adapted on
Dulbecco's minimum essential medium (DMEM)
containing 10% GS and different studies on
modifications in culture condition were carried out
using these sub-lines. The data are summarised in
Table 2.
Organ culture studies by using GS
Various types of organ cultures from reptile, avian
and mammalian hosts were prepared in MEM
supplemented with 10% GS. These cultures were used
to carry out cryopreservation studies and for the
detection and growth of different viruses (Table 3).
Adaptation of malarial parasites on GS
Plasmodium Jalciporum-5, National Institute of
Communicable Diseases (FAN-5, NICD) strain was
adapted to the medium containing 10% GS and
maintained in the same medium for 50 passages. The
percentage of parasitised red blood cells (RBCs) was
comparal,le to that of in 10% FBS medium. At 19ih
passage level this strain was adapted to the medium
containing 5% GS . Reduction of GS level did not lead
to any significant changes in the percentage of
parasitised RBCs. The strain could be successfully
cryopreseved and revived in GS containing media
(unpublished dat:l, 1983). Plasmodium falciparum-13
National Institute of Virology (FMN-13, NIV)
malarial parasites were also adapted to GS
(unpublished data, 1983).
Adaptation of other parasites
Animal infective forms of a West African
Trypanosoma vivax stock were cultured for three
months using medium MEM with 20 % inactivated
GS over fibroblast like cell line from the embryo of
Microta tus mont(l tus. The culture could retain its
morphological
characters
and
virulence 16.
Trypanosoma congolense blood stream fcr:ns from
infected mouse blood were continuously cuitivated in
vitro; using Iscove' s modified DMEM supplemented
with 20% heat inactivated GS along with 5% serum
plus I? Nichani et al. ls reported that GS could easily,
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Table 1 - Use of GS-adapted cell cultures for various studies
Results

Ref No.

1. Guinea pig
(a) Embryo
Susceptibility
(b) Intestine
(c) Lung
(d) Myocardium

Embryo susceptible to all Gr. A Arboviruses, Intestine,
lung and myocardium +ve to CHlK, SIN & SFV

24

2. Chick embryo

Suitable
+velEV
Isolated 22 strains of Gr.A INF viruses

25
26
27

3. Monkey kidney Isolation susceptibility

Isolated 6 strains of Gr-A INF virus, +ve lEV

25,26,27

4. Macrophase

Susceptibility

Clearance of lEV at the site of inoculation. Acts as a barrier 28
to ip inoculation in 14to 16 days old mice
+ ve to ING and WN, -ve to arboviruses
29

5. Embryonic
mouse brain

Adaptation susceptibility

Neuron and astrocytes +ve to f1aviviruses

6. Human
peripheral
blood

Susceptibility Chromosome studies

+ ve to CHP, HSV, measles
Chromosome aberration in CHP, HSV and measles infected 31
cultures

Cell cultures

Studies can-ied out

Primary Culture

Mass cultivation
Susceptibility
Isolation of INFV

Effect on replication of lEV

30

Established Cell Lines
7. Vero

8. Ps

Growth rate studies

Growth comparable to FCS

Unpublished
data (1970)

Cloning

Isolation of 5 clones with different characters

32

Effect of neem extract

No cell degeneration, antiviral to Cox-B

33,34

Effect of honey

Higher cell growth, healthy cells

35

Effect of arginine

Enhancement of Gr.A arboviruses

36

Suspension culture

10 to 15-fold increase in cellular and viral yield

Unpublished
data (1984)

Sensitivity for CHK isolation

Equivalent to mice

37

Susceptibility

+ve Cox-B, DN viruses

34, 38

Isolation

Two strains of measles

39,40

Isolation of DN virus

Isolated and confirmed from patient's sample

41

Concentration of lEV

Concentrated with sucrose

42

Biological studies of West Nile
viruses.

Comparable in mice & vero cell line

Mass cultivation

2-3 log increase in JEV yield

Unpublished
data (1990)

Susceptibility

+ve to eight viruses other than arboviruses

44

Detection and assay lEV by Con .A

+ve from mosquito samples

45

43

Detection of lEV from patient's blood +ve from peripheral blood

46

Effect of Con. A

Less agglutination

47

Enhanced yield of JEV

48

Effect of glycyrrhizin compound

Antiviral to lEV

49

Optimum pH for lEV

pH-7.4-Growth 7.6-Stability 7.8-Release

50

Effect of Heat Shock

Increased yield of JEV

51

Nutrient composition for lEV
replication

Growth medium containing 4x EA acids and 2x glucose
and vitamin is optimum

52
(COnlel)
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Table I - Use of GS-adapted cell cultures for various studies - (Contd)
Cell cultures

Studies carried out

Results

PRNT
i) Strain differentiation
ii) Selection of neutralization
variants
iii) analysis Epitope of different
strains of JEV
Characterization of TS mutants

Strain of JEV identified by their reactivity to monoclonal
antibodies
Gr.lcan be neutralized by HSI, HS2 and NS, HX3
monoclonal antibodies were non-neutralizing
Monoclonal antibodies HS I and HX3 neutralized JE
(NAK) and 733913 (Indian strain)
Four new mutants isolated and characterized by PRNT

Nuclear involvement in JEV
replication by !FA using monoclonal
antibody
Detection of surface antigen by IFA

Ref No.
53
54
55

56
Immunofluorescence with HSI , HX3 and immune PF up to 57
20-24 hr and diminished by 48 hr
+ve to JEV

58

Replication of some arboviruses using Enucleated cells -ve to JEV
enucleated and nucleated cells
To recognized cross reactive epitope +ve by modified IFA
on nuclear histones
Establishment of PI PS cell line
PI resistant to super infection by JEV and related viruses
susceptible to other viruses
Preparation of ISCOM purification of Induced immunity in mice
JEV

62

Effect of neem extract

No cytocydal effect

33

Isolation of INF
Susceptibility

+ve for four strains of Gr.A
+ve for ON 1-4 viruses

Effect of heat shock

Increased yield of ON viruses

Effect of neem extract

No cell degeneration

26
Unpublished
data (1990)
Unpublished
data (1990)
33

11. MOCK

Isolation of INF virus
Effect of neem extract

+ve for 17 Gr.A and 26 Gr.B viruses
No cytocydal effect

26
33

12. MFS8

Susceptibility effect of neem extract
Interferon production

Out of 32 viruses 6 +ve
Cytocydal
By SIN and CHK viruses

63
33
64

13. HFS9

Susceptibility
Effect of neem extract

-ve for CHK, SF, KFD and CHP virus strains
Cytocydal

63
33

14. L-M

Interferon assay
Con-A agglutinability

Poor for flaviviruses
Increased agglutination

64
47

15. Hela

Growth of polio viruses

Suitable

Unpublished
data (1982)
47

9. Macoy
10. LLCMK2

59
60
61

Con-A Agglutinability

Increased agglutination

Isolation and growth of polio viruses

Suitable

Effect of neem extract

Cytocydal

17. RDK-90

Development and characterization

Morphology and karyology comparable to primary culture,
+ve to VAC, HSV, polio, EV"70, CHP, RSV, ON, WN,
65
Chittoor viruses

18. CHO

Susceptibility chromosome studies

+ve to HSV-I, HSV-2, SV-40 and VAC, chromosome
aberrations

66

19. CHL

Susceptibility chromosome studies

+ve to HSV-I, and CHP chromosome aberrations

31

16. Hep-2

Unpublished
data (1980)
33

Abbreviations: CHK-Chikungunya, SIN-Sindbis, SFV-Semliki forest virus, JEV - Japanese encephilitis virus, ING-Ingwawuma, WNWest Nile, ON-Dengue, VSV-Vesicular stomatitis Virus, HSV-Herpes simplex virus, Cox.B-Coxsackie B, CHP-Chandipura, EVEnterovirus, Vac.-Vaccinia, INF-Influenza, RSV-Respiratory syncytial virus, SV-Simian virus KFD-Kyasanur Forest Disease, Arboarthopod borne, IP-Intra peritoneal, PI-Persistently Infected, PRNT-Plaque reduction neutralization Test, TS-Temperature Sensitive, EAEssential amino, IFA-lmmunoflurescence antibodies, Ab-Antibody, ISCOM-Immunostimulating comlex, ConA-Concavalin A,
Haemagglutination, CF-Complement fixation,+ve-positive, -ve-negative Gr.-Group.
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safely and readily substitute FBS for the propagation
of Theileria annulata infected schizonts. Comparable
viability and nonviability were observed in growth
media supplemented with GS and PBS during long

termed cultivation of Theileria annulata schizonts 19•
Babesia bovis (a Mexican isolate) was cultivated in
MASP culture system using GS in various
concentrations as substitute of bovine serum. It was

Table 2-Adaptation of BHK-21 cell line to GS
Modifications

Results

Grown in IO%GS and DL-camitine

No change in morphology and karyology +ve to CHP, SIN and
HSV-2 (unpublished data, 1981)

Grown in 10% FGS for 2-3 passages followed by GS

FCS~

FGS~

Grown in 10% FGS of 10,20 and 40 days kids

FCS~

GS

GS can be easily adapted
Difficult to adapt

--- ... ------

-- ----------

"
(Unpublished data, 1981)

Suspension culture on cytodex beads grown on
GS+l%CMC

10% increased in cell growth.
0.1 to 1.5 log increase in TCIDsoof JEV (unpublished data, 1984)

Table 3 - Studies carried out using organ culture
Sr. No

Studies carried out

Results

Ref. No.

(I) Tracheal Organ Culture
1.

2.

3.

4.

Susceptibility
Reptile
Avian
Mammalian
Replication of non respiratory
viruses in cultures from hamster
rabbit and human
Localization of CHP in cultures
from hamster
Cryopreservation cultures in
chick, hamster and human

- ve to Pox,Herpes,Rhabdo groups
+ ve to above groups
+ ve to above groups except CHK and JE
+ve to CHP, WN,SFV and Polio

67
68

Multiplication sites chondrocytes and ciliary
epithelial cells.
15-20 days at 4°C
30-40 days at -20°C
60-75 days at-75°C
90 days at-196°C

69

70

(II) Chick Corneal Culture
Cryopreservation

12 days at -196°C retains transparency as that of
fresh culture +ve to HSV without CPE

Unpublished
data, 1985

(III) Human Duramater and Aortic Valve
Cryopreservation

Unpublished,
data, 1985

(IV) Human Placenta
Susceptibility

First trimester +ve to JEV
Full termed :-ve to JEV

71

15-20 days at 37°C
+ve to HSV -1& 2 and JE

Unpublished
data 1980

(V) Human Folipian Tube
Cryopreservation
Susceptibility

(VI) New Born Mouse Organs
Suscepti bili ty

Kidney: +ve to JE, HSV1, HSV2,
Polio SIN, V AC
Lungs, Liver: -ve to arboviruses

72

Abbreviations: CHP-Chandipura, WN-W.st Nile, SFV-Semliki forest virus, HSV-Herpes simplex virus, JEVJapanese encephalitis, virus, CPE- cytopathic effect, SIN-Sindbis, V AC- Vaccinia, + Ve-positive, -Ve-Negative.
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observed that 20% GS + 20% bovine serum + 60%
Parker's medium199 supported growth of the parasite,
which was maintained in this medium through eight
subcultures2o .
Use of GS for serological work
(i) Goat serum was used for the assay of production
of migration inhibition factor (MIF) in the mouse
spleenocytes against Japanese encephalitis virus
(JEV) and Toxoplasma canis antigen 21 . Employing
infected Swiss mice spleenocytes; similar values for
the migration indices were obtained with FBS and
GS, tested against three different concentrations of the
antigens. (ii) Attempts were made to maintain one of
the monoclones of JEV (clone III FS8HS2) on GS.
The immune peritoneal fluid (IPF) was obtained from
hybrid clones maintained simultaneously on GS and
FBS. Both the clones were found to have similar
antibody titres by immuno fluorescence antibody
assay (IFA) and HI test (unpublished Data, 1985). (iii)
Anti-insulin hybridoma cells were adapted to the
medium containing GS and Soya bean lipid 8• They
retained functional characteristics. (iv) For over 10
years GS has been routinely used for the coating of
HA plates in immuno-diagnosis of hepatitis B surface
antigen at NIV.

L-M and MFS-8 cells maintained on GS were used
for interferon production and assays (Table 1).
Use of GS in biochemical study
A biochemical study was carried out in order to
know the relationship of DNA, total protein contents
and cell count of Vera cells prepared by using 10%
and 5% GS. The total protein and DNA per cell were
inversely proportional up to 72 hr and thereafter they
were proportional to each other. The relationship
between growth of Vera cells and protein content in
different sera is presented in Table 4.
All these studies were carried out satisfactorily in
GS containing media and the results were comparable
to those of FBS media. For specialised purpose like
retention of cellular functionality or in cell
differentiation studies gamma globulin free GS could
be used with additional suitable supplements, viz.
soya bean lipids, triptose phosphate broth, yeastolate
or growth hormones etc. As stated earlier, Parab 8
reported retention of functionality by adding soya
bean lipid in GS supplemented media. Further
Deshpande et al. 22 reported that GS supplement
needed addition of Soya bean lipid to reduce
apoptosis caused by replacement of FBS . Additional
nutrient may also be needed to overcome the stress
caused by the change in serum supplement.

PS cells adapted on growth medium containing GS
were used for
(i) Plaque reduction neutralization test (PRNT) to
study: (a) Epitope analysis of different strains of JEV.
(b) Strain differentiation of JEV. (c) Antibody
dependent plaque enhancement. (d) Selection of
neutralization variants (Table 1).
(ii) Immunoflourescence antibody assay: (a) To
study the nuclear involvement during the replication
of JEV. (b) For the detection of JEV surface antigen.
(c) To study replication of JEV, West-Nile (WN) and
Chikungunya (CHK) virus strains in enucleated and
nucleated cells. (d) To recognise the cross-reactive
epitopes on nuclear histones (Table 1).
(iii) To prepare Imrnuno Stimulating Complex
(IS COM) (Table 1).
(iv) For purification of JEV. (Table 1)

Studies on goat serum fractions
On carrying out the biochemical analysis of GS and
FBS, it was observed that FBS contained 4 times
more alfa-l fraction (a growth promoting fraction)
and 10 times less gamma globulin fraction than that of
GS. Therefore to improve the quality of GS it was
decided to study the different fractions of GS.
(1) Alfa-1 acid glyco--protein: {Heat soluble
fractions (HSF)}: This fraction was isolated from GS
by heat treatment of GS at 85°C. The heat soup thus
obtained was centrifuged and filtered through (0.22
/-lm) Millipore filter to get a clear and sterile fraction.
The fraction was found to be free of other serum
proteins by cellulose acetate paper electrophoresis.

Goat serum adapted Vero cells were used for
(a) The complement fixation tests and simultaneous
detection of dengue virus from clinical samples. (b)
The preparation and concentration of JEV antigen. (c)
The preparation of non-infectious haemagglutinin
and complement fixation antigens from CHK virus
(Table 1).

Source of serum

Table 4-Relation of cell growth and protein contents

Goat
Fetal
Fowl
Calf
Human
Horse

Proliferation
ratios

Total protein %
(g)

6.9
5.8
5.6
4.9
6.6
6.2

6.3
2.7
2.5
4.9
6.0
6.3
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The final preparation was isotonic containing 8375
~lg/ml.protein with a pH of 8.2. The effect of HSF
was studied on different cell lines. The fraction was
observed to be non-toxic to the cells, and prevented
cellular degeneration for a longer period as compared
to GS. It was also observed that: (a) an established
cell line ATC-41S from the mosquito Culex
bitenearhycus could be maintained in MM medium
supplemented with HSF at 30% level (Unpublished
data, 1985.). The cell line had a faster growth rate
than the stock cellline maintained in the medium with
FBS. (b) The HSF showed a growth stimulatory effect
on the Vera, HeLa and HeP2 cell lines. (c) A shift of
chromosome modal number from 106 to 63 was
observed in Vera cell line when HSF was added to the
medium. (d) Higher yields of cytoplasmic viruses i.e.
Sindbis (SIN), CHK, Chandipura (CHP) and Vaccinia
(V AC) were noted in Vera cell culture on addition of
HSF to the medium. However, the growth of the
nuclear viruses was inhibited in the medium
containing HSF. (e) HeLa cell line when grown in
presence of 20% HSF; exhibited a change in
morphology from epithelial like to fibroblast like
(unpublished data, 1987). It was also observed that
HeLa cells grown on the medium containing HSF
yielded 2 to 3 logs more Polio types 1,2 and 3 virus
strains than in control cultures (unpublished data,
1987).
(2) Goat serum albumin (GSA): GSA was
isolated by precipitation of GS by 26% PEG 6000.
The supernatant contained GSA, free from other
serum proteins. In order to replace bovine serum
albumin; JE, WN and Dengue (DEN) virus antigens
were diluted in 0.4% goat albumin in borate saline
(GABS) and in 0.4% bovine albumin in phosphate
saline (BAPS) and kept at +4°C for about 6 months.
The haemagglutination (HA) titres of these were
compared weekly up to 45 days. The titres were
similar in GABS and BAPS or slightly higher in
GABS. The HI titres of flaviviruses (JE, WN and
DEN) of human and animal sera were also found to
be comparable in both BAPS and GABS. The HA
titres and stability (tested by PFU method) for SIN
and CHP viruses were comparable in GSA and
Bovine serum albumin (BSA)23.
To conclude, this is an attempt to demonstrate that
for the last three decade scientists have been
successfully using GS in different fields of biomedical
research. The serum is available in large quantities
and has been found to be suitable for the studies on
tissue culture, viral diagnosis, quantitation of virus
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growth,
sero-epidemiology
and
molecular
epidemiology of viruses etc. Therefore use of GS is
recommended as an alternative to FBS to carry out
biomedical research, which will have both time and
cost effective benefits.
References
1 Ham R G & Mackeehan W L, Media and growth
requirements: Serum and it's relationship to other growth
requirements, in Methods in enzymology, Vol.58, edited by
William B, Jackoby and Ira H. Harden, (Academic press New
York, San Francesco and London), 1979,77.
2 Per-Infante V, Bardin C W, Gunsales G L, Musto N A, Rich
K R & Mather J P, Differential regulation of testicular
transferring and androgen biding protein secretion in primary
cultures of rat sertoli cells, Endocrinology, 118 (1988) 383.
3 Mather J, Kaczarowski F, Gubler R & Wilkins S, Effect of
water purity and addition of common water contaminants on
the growth of cells in serum free medium, Biotechniques, 4
(1986) 55 .
4 Hodgson J, Checking source: The serum supply secret,
BioITechnology, 9 (1991) 1320.
5 Hodgson J, Fetal bovine serum revisited, Bio/technology, II
(1993) 49.
6 Risa MO, Serum substitute: Is there a solution?
Biopharmaceulics, 3 (1989) 16.
7 Paranjape Smita P, Kadam V 0, Wagh U V & Gupta N P, Use
of unsuckled bovine serum in tissue culture, Curr Sci, 56
(1987) 239.
8 Parab P B, Anti-insulin hybridoma retains functional
characteristics in Goat serum and Soya bean lipids, In Vitro
Cell Biol, 31 (1995) 1.
9 Singh K R P, Bhatt U K & Paul S P, Adaptation of Singh's
Aedes albopictus (ATC-15) cell line to media with calf and
goat serum, Indian J Med Res, 59 (1971) 31.
10 Bhatt U K M, establishment of new cell line from Aedes
albopictus larval cells in media containing calf and goat
serum, Curr Sci, 42 (1973) 66.
11 Feldman M K & Wang 0 L, The effect of various mammalian
sera on attachment and thymidine incorporation in primary
cultures of mouse mmmary epithelial cells, In Vitro Cell Biol,
13 (1977) 275.
.
12 Trachenberg M C & Hokanson K M, Primary retinal and
cortical glial cultures: Effects of media and sera on attachment
and growth, J Neurosci Res, 15 (1986) 261.
13 Castillo A A, Morier 0 L, Perez V & Mendez 0 C, Use of
goat serum as a substitute for calf serum for growing various
primary cultures from vertebrates, Rev Cubana Med Trap, 43
(1991) 89.
14 Mortell K L, Marrnorstein A 0 & Cramer E A, Fetal bovine
serum and other sera used in tissue culture increase epithelial
permeability, In Vitro Cell Biol, 29A (1993) 235.
15 Chaudhuri T K & Chakravarty A K, Goat serum as a
substitute for fetal calf serum in in vitra culture of murine
lymphocytes. Indian J Exp Biol, 21 (1983) 494.
16 Brun R & Molo S K, In vitro cultivation of animal infective
forms of a West African Trypanosoma vivax stock, Acta Trap,
39 (1982) 135.
17 Hirumi H & Hirumi K, In vitro cultivation of Trypanosoma
congolense blood stream forms in absence of feeder layer,
Parasitology, 102 (199\) 225.

34

INDIAN J EXP BIOL, JANUARY 2004

18 Nichani A K, Sharma R D & Sarup S, In vitro propagation of
Theileria annulata infected schizonts in different media
supplemented with heterologous sera, Indian J Exp Bioi, 35
(1997) II 75.
19 Sharma G, Sharma R D & Nichani R K, Successful long term
in vitro cultivation of Theileria annulata schizonts in media
supplemented with homologous and heterologous sera, Vet
Parasitol, 79 (1998) 135.
20 Mishra AK, Clabaugh G, Kakoma I and Ristic M, Goat serum
a substitute of bovine serum in cultivation of Babesia bovis,
Acta Vet Hung, 39 (1991) 25 .
21 Gupta A K, Lad V L, Ayachit V L & Kalsy J S, Murine
migration inhibition factor assay using goat serum as a
substitute for foetal calf serum, Indian, J Parsitol, 17 (1993)
101.
22 Deshpande M, Katdare M & Parab P B, Supplement with soya
bean lipid reduces GS induced apoptosis in the ~ cell
hybrodomaCC9CIO, In Vitro Cell Bioi, 36 (2000) I.
23 Kadam V D, Shaikh B H & Paranjape S P, Studies on goat
serum albumin as a diluent in Serological tests, Bioi Memoirs,
16 (1985) 193.
24 Venkateshan C N, Propagation of group A Arboviruses in
guinea pig embryonic cell culture, Indian J Microbiol, 13
(1973) 67.
25 Savant S V, Development of killed Japanese encephalitis
vaccine from tissue culture source: Preparation of primary chick
embryo cultures. PhD thesis, University of Pune, 1987, 62.
26 Rao B L, Influenza surveillance in Pune (India) during 19831985, Indian J Med Res, 86 (1987) 492.
27 Rao B L, Gupta N P, Rao Mohan, Gogate S S & shah U,
Investigation on the out break of influenza caused by
A1USSRl77 virus strain in Pune, Maharashtra in 1978, Indian
J Med Res, 70 (1979) 681.
28 Kulkarni A B & Goverdhan M K, Role of resident peritoneal
macrophages in age related susceptibility of Japanese
encephalitis virus in mice, Indian J Med Res, 85 (1987) 239.
29 Gogate SS & Nair Mohini, Susceptibility of mouse peritoneal
macrophages to infection with Arboviruses, Curr Sci, 45
(1976) 804.
30 Suri N K & Banerjee K B, Culture of embryonic mouse brain
cells in vitro, Indian J Med Res, 86 (1987) 35.
31 Paranjape Smita & Wagh U V, Virus induced chromosomal
abnormalities in Chinese hamster lung and human blood
leukocyte cultures, Indian J Exp Bioi, 41 (2003) 112.
32 Shaikh N J. & Gogate S S, Development and characterization
of clones from Vero cell line, Indian J Viral, 10 (1994) 78.
33 Gogate S S & Marathe A D, Differential cytocidal effect of
neem (Azadirachta Indica Juss) extract on normal and tumour
originated cells in vitro, Indian J Microbiol, 26 (1986) 185.
34 Badam Lalita, Joshi S P & Bedekar S S, In vitro antiviral
activity of neem (Azadirachta indica A Juss) extract against
group B Coxsackie viruses, J Commun Dis, 31 (1999) 79.
35 Gogate S S, Effect of honey on the growth of Vera cells, Curr
Sci, 53 (1984) 211.
36 Paranjape S P & Kadam V D, Effects of arginine on
mammalian cell metabolism and replication of Toga viruses,
Bioi Memoirs, 10 (1985) 151.
37 Umarigar M D & Kadam S S, Comparative susceptibility of
suckling mice and Vero cells for primary isolation of
chikungunya virus, Indian J Med Res, 62 (1974) 1893.
38 Rao B L, Plaque formation of dengue virus in Vero cell
culture under carboxyl-methyl cellulose, Indian J Med Res, 64
(1976) 1709.

39 Wairagkar N S, Gandhi B V, Katrak S N, Shaikh N J, Parikh
P R., Wadia NH & Gadkari DA, Acute renal failure with
neurological involvement in adults associated with virus
isolation, Lancet, 354 (1999) 992.
40 Wairagkar N S, Bapat V M, Shaikh N J, Kakrani A L &
Gadkari D A, Renal failure : Encephalitis and measles in
young woman, JAPI, 48 (2000) 528.
41 Pavri K M. & Ghosh S N, Complement fixation tests for
simultaneous isolation and identification of dengue virus
using tissue culture, WHO Bull, 40 (1969) 984.
42 Venkateshan C V, Gupta N P, Shaikh B H, Dandawate C N &
Ghosh S N, Comparative studies on different methods for
concentration of Japanese encephalitis viral antigen prepared
from Vera cell culture, Indian J Med Res, 64 (1976) 1557.
43 Umrigar M D.& Pavri K M, Comparative biological studies
on Indian strains of West Nile viruses isolated from different
sources, Indian J Med Res,65 (1977) 596.
44 Gogate S S, Susceptibility of porcine kidney (PS) cell line to
infection with arboviruses isolated in India, Indian J Med Res,
64 (1976) 83.
45 Kelkar S D & Soman R S, Use of concavalinA treated PS cell
cultures for the detection and assay of Japanese encephalitis
virus from mosquitoes, Acta Viral, 30 (1980) 523.
46 Kedarnath N, Prasad S R, Dandawate C N, Koshy A A,
George S & Ghosh, S N, Isolation of Japanese encephalitis
and West Nile viruses from peripheral blood of encephalitis
patients, Indian J Med Res, 79 (1982) I.
47 Dighe Rajani & Wagh U V, Agglutination with concavaIin A:
A simple method to characterize normal and transformed cells
in vitro, Bio Memoirs, 10 (1985) 176.
48 Kelkar S D, Enhancement of Japanese encephalitis virus growth
in vitro by concavalin A, Indian J Med Res, 81 (1985) 437.
49 Badam L, In vitro studies on the effects of glycyrrhizin from
Indian Glycyrrhiza glabra Linn on some RNA and DNA
viruses, Indian J Pharmacol, 26 (1994) 194.
50 Gangodkar S V, Kadam V D, Paranjape S P & Deolankar R P,
Optimal pH condition for the growth, release and stability of
Japanese encephalitis virus in PS cell line, Cur,. Sci, 73 (1997)
1108.
51 Paranjape S P, Kadam V D & Deolankar R P, Increased yields
of Japanese encephalitis virus in heat shocked cell cultures,
Acta Virol, 38 (1994) 333.
52 Kadam V D, Paranjape S P, Gangodkar S V & Deolankar R P,
Nutrient composition for cultivation of Japanese encephalitis
virus in vitro, Acta Virol, 39 (1995) 287.
53 Banerjee K, Certain characteristics of Japanese encephalitis
virus strains by neutralization test, Indian J Med Res, 83
(1986) 247.
54 Gore M M, Gupta A K, Ayachit V L Athawale S S, Ghosh S
N & Banarjee K, Selection of neutralization escape variant
strains of Japanese encephalitis virus using monoclonal
antibodies, Indian J Med Res, 91 (1990) 231.
55 Ghosh S N, Sathe P S, Sarathi S A, Cecilia, D, Dandawate C
N, Athawale S S & Pant U, Epitope analysis of strains of
Japanese encephalitis virus by monoclonal antibodies, Indian
J Med Res, 89 (1989), 368.
56 Kale Smita R, Shah P S & Gadkari D A, Characterization of
temperature sensitive mutants of Japanese encephalitis virus
isolated from persistently infected mammalian cells, Indian J
Med Res, 93 (1991) 121.
57 Gupta A K & Lad V J, Nuclear fluorescence in Porcine
kidney cells infected with Japanese encephalitis virus, Acta
Virol, 35 (1991) 282.

PARANJAPE: GOAT SERUM AN ALTERNATIVE TO FETAL BOVINE SERUM

58 Gupta A K, Ayachit V L, Lad V J & Ghosh S N, Detection of
viral antigen on surface of cells infected with Japanese
encephalitis virus by modified immunofluorescence, Acta
Virol, 37 (1993) 93.
59 Lad V J, Gupta A K, Ghosh S N & Banerjee K,
Immunofluorescence studies on the replication of some
viruses in nucleated and enucleated cells, Acta Virol, 37
(1993) 79.
60 Gupta A K, Lad V J, Koshy A A, Sarathi S A & Gadkari D A,
An IgM monoclonal antibodies to Japanese encephalitis virus
recognizing a cross reactive epitope on nuclear histones,
Indian J Med Res, 110 (1999) 149.
61 Shah P S & Gadkari D A, Persistent infection of Porcine
kidney cells with Japanese encephalitis virus, Indian J Med
Res, 85 (1987) 481.
62 Yeolekar L, & Banerjee K, Immunogenecity of
immunostimulating complexes of Japanese encephalitis virus
in experimental animals, Vaccine, 19 (1996) 1959.
63 Gogate S S, Susceptibility of two neoplastic cell lines viz.
MFS8 and HFS9 to infection with Arboviruses of India,
Indian J Med Res, 45 (1976) 142.
64 Gogate S S, Dayaraj C, Kedarnath N, Studies of interferon
production by MFS8 cells, Curr Sci, 51 (1981) 609.

35

65 Gogate S S, Banerjee K, Gangodkar S V & Sathe P S,
Establishment of cell line from Indian bonnet monkey
(Macaca radiata) kidney and it's characterization, Indian J
Exp Biol, 34 (1996) 151.
66 Chiploankar J M & Gangodkar S V, Sister chromatid
exchanges in virus infected Chinese hamster ovary cells, Curr
Sci, 55 (1986) 350.
67 Bhonde R R & Wagh U V, Diffential susceptibility by
tracheal organ cultures from reptile to mammals, Indian J Exp
Bioi, 20 (1982) 814.
68 Bhonde R R & Wagh U V, Replication of non-respiratory
viruses in tracheal organ cultures, Br J Exp Pathol, 64 (1983) I.
69 Bhonde R R & Wagh U V, Localization of Chandipura virus
multiplication sites in tracheal organ culture, Indian J Exp
Bioi, 20 (1982) 91.
70 Bhonde R R. & Wagh U V, Cryopreservation of tracheal
organ cultures, Cryoletters, 14 (1983) 227.
71 Bhonde R R & Wagh U V, Susceptibility of human placenta
to Japanese encephalitis virus, Indian J Med Res, 82 (1985)
371.
72 Bhonde R R & Wagh U V, Differential susceptibility of new
born mouse organ culture to virus growth, Acta Virol, 27
(1983) 451.

