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ABSTRACT

The present obtained experimental results proved that addition of
lipoic acid (LA) with its sodium salt in ratio of 0.1mI mole (mM) in the
growth media has improved their physiological activities of different
cell lines including MDBK, VERO and BHK21. Such cells remained
normal for relative longer time comparing with the cell culture
provided with media without lipoic acid (LA). The improvement of
used cell lines was ascribed to the addition of lipoic acid (LA)
dihydrolipoic acid, (DHLA) as protein free media supplement. As
Lipoic acid (LA) and its dihydrolipoic acid (DHLA) are involved in
several aspects of cell energy and amino acid metabolism, as well as
in defense against oxidative stress and apoptosis; both components
initiated the production of glutathione which antagonizes the
oxidative effect of free radicals on cells that harmfully affects cell
metabolism .This study is in need to involve more investigation
covering other uses of (LA) especially in its nano form.
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INTRODUCTION

Lipoic acid (LA) is synthesized by eukaryotic cells and is not
considered a vitamin. The in vivo synthesis of alpha-lipoic acid in
mammalian systems is poorly understood, but is reported to involve
octanoyl-ACP, which is produced during fatty acid synthesis and a
lipoyl synthetase that adds the sulfur atoms. Lipoic acid and its
reduced form, dihydrolipoic acid (DHLA), are involved in several
aspects of cell energy and amino acid metabolism, as well as in
defense against oxidative stress and apoptosis (Biewenga et al,
1997).




Role Of Lipoic Acid .....

Lipoic acid was introduced into media basal formulae in Ham's
Nutrient Mixtures originally developed for the clonal growth of Chinese
Hamster Ovary cells (CHO). It is found in Nutrient Mixtures, Ham's F-
10, Ham's F-12; Nutrient Mixture, Ham's F-12 Kaighn's Modification
(F12K); Dulbecco's Modified Eagle's Medium (DMEM)/Ham's Nutrient
Mixture F-12 (50:50); all MCDB Media formulations, and Serum-
Free/Protein Free Hybridoma Medium. It is likely that lipoic acid is also
present in proprietary media developed from Ham's nutrient basal
media. Consequently, lipoic acid may be important in heterologous
protein biomanufacturing involving CHO cells and tissue engineering
(sigma patents media expert 2015).

Lipoic acid participates in numerous chemical processes both inside
and outside of the cell. This combined with its ability to cross the cell
membrane make lipoic acid an especially important component of
serum- and protein- free media as a cell culture additive (Artwohl et
al., 2000).

It is commonly to observe that keeping cell culture for relatively long
time may show degenerative changes in cytoplasm manifested by
cytoplasmic granulation and picknotic nuclei "condensation of
chromatin”. Such changes makes illegible to give low virus titer up on
inoculating these during vaccine production, more over the cellular
degeneration may end up with cell apoptosis “cellular death” (Paul, J.
1975). This study paves the way to focus on utilization of lipoic acid
(LA) in cell cultures medium as trial to resist adverse action influencing
early senescence (cell aging).

MATERIAL AND METHODS

Cell lines

Models for investigation of lipoic acid (LA) effect on cell lines vitality
included both of Median derby bovine kidney cell culture (MDBK);
Green monkey kidney cell culture (Vero) and Baby hamster kidney cell
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culture (BHK21) supplied by Veterinary Serum and Vaccine Research
Institute.

Tissue cultures media

Minimum essential medium (MEM), Eagl's modified with Earl’s salts
supplied by Sigma, Aldrich, Inc. was prepared according to the
manufacturer directions and used for maintenance and passage of cell
lines.

Lipoic acid (LA) solution

Lipoic acid, reduced 298%, liquid (T8260) supplied by Sigma, Aldrich,
Inc. was used as maintenance growth media supplement by different
molarity 0.1mM, 0.5mM, 0.025mM .

Experimental design

The herein study was devote to investigate the effect of lipoic acid (LA)
on different cell lines vitality in comparison with the effect of other
supplements like lactaloumin and bovine serum measuring the cell
vitality cyto-chemically though application of the following tests:

1-Cell counting method according to (Freshney, 2005)

2- Crystal violet staining method according to (Lieb, 1947)
3-Measurement of alkaline phosphates activity according to (Gomori,
1952)

RESULTS AND DISCUSSION

Lipoic acid (LA) or alpha lipoic acid (ALA) and thioctic acid are
organosulfur compounds derived from octanoic acid. It has names like
(R)-5-(1, 2-dithiolan-3-yl) pentanoic acid. It presents as yellow needle-
like crystals, soluble in water as sodium salt, soluble in ethanol as
showed in figure 1. ALA is induced normally in animals and is essential
for aerobic metabolism. It is also manufactured and is available as a
dietary supplement in some countries where it is marketed as an
antioxidant, and is available as a pharmaceutical drug in other
countries (Wada et al, 1961).

The cellular metabolic waste products and the appearance of free
radicals in the cell culture media initiate undesirable cell deformities
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that negatively influence the virus yield when used as stratum for
vaccine production. Uses of Lipoic acid (LA) helps cells to overcome
oxidative different stress factors induced by normal cell metabolites
and free radicals especially in case of highly active cells as in cell
lines. Herein study spot the light on the effect LA as cell culture
medium supplement to help cells to sustain their normal vitalities
through the capacity of Lipoic acid and dihydrolipoic acid exerting their
antioxidant effects by several mechanisms. They regenerate
endogenous antioxidants, remove transition metals from redox
reactions by chelation and react non-enzymatically (scavenging) with
reactive oxygen species. When lipoic acid added to medium it is
absorbed, reduced and released back into the culture medium as
dihydrolipoic acid (DHLA). DHLA is able to reduce cystine to cysteine.
For a number of cell types, the availability of cysteine from the
extracellular milieu is a rate-limiting step in glutathione synthesis
(Biewenga, 1997).

The antioxidant and anti-apoptotic functions of LA and DHLA are inter-
related and dependent upon the ability of non protein bound LA/DHLA
to cross cell membranes and to undergo both enzymatic and non-
enzymatic oxidation and reduction. It was reported that cultured human
endothelial cells absorb LA, reduce it and release DHLA into the cell
culture medium. The reduction of lipoic acid inside cells is mediated by
at least three enzymes that couple either NADH or NADPH oxidation.
These three enzymes are mitochondrial NADH-dependent dihydro-
lipoamide dehydrogenase (and the cytoplasmic NADPH-dependent
thioredoxin) and glutathione (reductases). The reduction occurs in the
cytoplasm or mitochondria and whether the co-reductant is NADH or
NADPH depends upon the specific cell type and status (Jones et al.,
2002).

The ability of cells to recycle DHLA to the extracellular milieu is an
important determinant of their ability to stimulate glutathione synthesis,
resist glutamate toxicity and protect themselves from lipid per
49

8 Scientific Congr. of Egypt. Soc. For Anim. Manag. 23-27 August,2016



| Maha, R _Abd EL-Fadile and Hussine, AHM. |

oxidation. From table (1) it could be concluded that toxicity range of
(LA) concentration in between (0.05- 0.1 mileMole "mM") in different
used cell cultures used (MDBK, Vero and BHK21) agree with Hermann
et al., 1996).

Table (2 & 3) clarified the importance of lipoic acid as serum free
media supplement in the maintenance of cell vitality and delayed early
apoptosis which resulted from high peroxidation and cell membrane
alteration owing for exposure of free radical stress of high activity and
performance of different cell lines as demonstrated by Han et al (1995)
who used vital stain like crystal violet and Gomori stain method
(Mohamed, 2002) as we found that there is a possibility to keep such
cell lines for several days (12d.p.s in case of MDBk and Vero cell lines)
and (6d.p.s in case of BHK21) using lipoic acid with 0.1mM
concentration beginning with total cell count 10°cell/ml cell culture
suspension for MDBK and Vero , and10“cell/ml cell culture suspension
for BHK.

Table (4&5) showed the effect of other supplements like 2% bovine
serum and 2% lactalbumin which kept for shorter time than lipoic acid
0.1mM as follow in order 8d.p.s and 10d.p.s in case of MDBk and
Vero cell lines respectively and 4d.p.s in case of BHK21 beginning
with total cell count 10°cell/ml cell culture suspension for MDBK and
Vero , and10*cell/ml cell culture suspension for lactalbumin beginning
with total cell count 10*2cell/ml cell culture suspension for MDBK and
Vero , and10*2cell/ml cell culture suspension for 2% bovine serum .

(Table 6 & figure 6) clarified the effect of lipoic acid 0.1mM as it
elongate the period of cell viability and delayed apoptosis 4days more
than 2% bovine serum , and >2days than 2%lactalbumin. In addition it
was noticed that the PH of cell culture media relatively did not changed
to the acidic side enabling the cell cultures to remain normal for longer
time (12 days) than the known time for sub culturing.

50



Role Of Lipoic Acid .....

Figure (1): Properties of lipoic acid.

Lipoic acid (LA)

(R)-5-(1,2-dithiolan-3-yl) pentanoic acid(CgH140,S;)

a-Lipoic acid (alpha lipoic acid); Thioctic acid; 6,8-Dithiooctanoic acid
Yellow needle-like crystals, Soluble in water as sodium salt, Soluble in
ethanol.

Table (1): Cytotoxicity of lipoic acid (LA) sodium salt expressed (mM) different
concentration on various cell culture lines

Cell lines concentration of (LA)/mM*

0.025mM [ 0.05mM [ 0.1mM 2mM | 3mM
MDBKk** cell toxicity
Vero*** No detectable cell toxicity represented by cell
BHK21**** rounding
*mM=mile Mole. *MDBK=maiden derby bovine kidney cell culture. ***

Vero= African green monkey kidney cell culture. ***BHK21= Baby hamster
kidneycell culture.
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Figure 2: different cell line status viable and less viable.

FO0m

MDBK cell line
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Vero cell line

Table (2): Viability measurement of different cell lines using maintenance
medium supplemented with lipoic acid LA (0.1mM) using 2 vital stains and cell
counting methods throughout two days intervals post subculture

Vitality
measurement Intervals
method Cell type 2dps* | 4dps | 6dps | 8dps | 10dps | 12dps

Crystal violet | MDBk** 98% 96% 94% 90% 80% 75%
stain

Vero*** 98% | 95% 93% | 90% 79% 73%
BHK21**** | 99% | 78% 70%
Gomori stain | MDBk** 98% | 96% 94% | 91% 80% 75%

Vero*** 98% [94% [93% [91% | 79% | 73%
BHK21**** 1 99% | 77% | 69%

Cell count cell | MDBk** | 10° 10° 10° 10° 10° 10°
No./ml cell
suspension

Vero*** 10° 10° 10° 10° 10° 10°
BHK21**** | 10* 10* 10° [ | em |

*dps= days post subculture ** MDBK= Madien derby bovine kidney cell culture.
*** \ero= African green monkey kidney cell culture
****BHK21= Baby hamster kidney cell culture.
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Table (3): Viability of different cell culture lines using maintenance medium
supplemented with lipoic acid LA (0.05mM*) using 2 vital stain cell count
method throughout two days intervals post subculture (dps).

Vitality
Interval

measurement 2dps | 4dps | 6dps | 8dps
Cell type

method

Crystal violet stain MDBKk** 98% 92% | 88% 80%

Vero*** 98% 95% | 91% 75%

BHK21*** [ 99% | 70% | ------ | -

Gomori stain MDBKk** 98% 92% | 88% 80%

Vero*** 98% 95% | 91% 75%

BHK21%* [ 99% | 65% | - | -~

cell counting MDBk** | 10° 10° 10° 10°
cell No./ml Vero*** | 10° 10° 10° 10°
cell suspension BHK21**** | 10* K0 L [

*dps= days post subculture
** MDBK= Madien derby bovine kidney cell culture.
*** VVero= African green monkey kidney cell culture

***BHK21= Baby hamster kidney cell culture.
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Table (4): Viabilty measurement of different cell culture

lines wusing
maintenance medium supplemented with 2% bovine serum using 2 vital
stains and cell counting method throughout two days intervals post subculture

Vitality Interval
measurement 2dps 4dps 6dps 8dps
method Cell type
MDBk*
Crystal violet 98% 92% 88% 80%
stain Vero**
98% 95% 91% 75%
BHK21***
99% 70%
MDBk*
Gomori stain 98% 92% 88% 80%
Vero**
98% 95% 91% 75%
BHK21***
99% 65% | - | -
MDBk**
cell counting 10%2 10%3 10%3 10%3
Vero***
cell No./ml 10°? 10°° 10°° 10°°
BHK21****
cell suspension 10%2 0 A (R I

*dps= days post subculture

* MDBK= Madien derby bovine kidney cell culture.

*** VVero= African green monkey kidney cell culture

***BHK21= Baby hamster kidney cell culture.
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Table (5): Viabilty measurement of different cell culture

maintenance medium supplemented with lactalbumin 2%

lines using

using 2 vital stain
and cell counting method throughout two days intervals post subculture

Vitality
Interval
measurement 2dps | 4dps | 6dps 8dps | 10dps
Cell type
method
crystal violet MDBKk* 99% | 92% | 88% 80% 50%
stain Vero** 98% | 95% | 91% 75% 50%
BHK21**** 99% | 68% -- --
Gomori stain MDBK** 98% | 91% | 86% 80% 50%
Vero*** 98% | 95% | 91% 75% 50%
BHK21**** | 99% | 65% -- --
cell counting MDBk** 10° |10° |10° 10° 10°
cell  No./ml Vero*+* 10° |10° |10° 10° 10°
cell BHK21*+ | 10* | 10 - -
suspension
*dps= days post subculture
** MDBK= Madien derby bovine kidney cell culture.
*** \Vero= African green monkey kidney cell culture
***BHK21= Baby hamster kidney cell culture.
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Table (6): Comparative viability index expressed by cell lines maintenance
period of different medium supplements of various cell lines

Cell line

Supplement MDBKk** Vero*** BHK21*+**
viability index*

lipoic acid (0.1mM) >12d.p.s >12d.p.s <6d.p.s

lact albumin 2% 8d.p.s 8d.p.s <4d.p.s
bovine serum 2% <10d.p.s <10d.p.s <4d.p.s

*dps= days post subculture

** MDBK= Madien derby bovine kidney cell culture.
*** VVero= African green monkey kidney cell culture
****BHK21= Baby hamster kidney cell culture.

Figure (3): Comparative viability index expressed by cell lines maintenance
period of different medium supplements of various cell lines.
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Fig. (2):comparative viability index expressed by cell lines
maintenance period of different medium supplements of various

M lipoic acid (0.1mM)
M lact albumin 2%

bovine serum 2%
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CONCLUSION

Our herein results clarified the conspicuous role of lipoic acid (LA)
revealing that 0.1mM of lipoic acid arise cell lines viability (related to
delayed apoptosis of different cell lines especially MDBK and
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