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Abstract

Changes in the pigment and protein complexes involved in the light reactions of photosynthesis can be caused by
environmental conditions, particularly those related to light quality and intensity during growth. The metabolome analysis
of rice and soybean showed that dehydration stress increased the levels of galactinol and raffinose. One key method by
which microorganisms control plant development has been proposed to be the generation of auxin or auxin precursors by
bacteria associated with roots, or the manipulation of auxin production in plants. The effects of pathogenic and beneficial
root-interacting fungi on the hormone content and auxin responsiveness of Arabidopsis, as determined by the auxin-
inducible promoter system. Many developmental processes, like stem elongation, germination, vegetative growth,
blooming, and reproduction, are regulated by GAs. Analyzing the metabolome of Several distinct defensive mechanisms
function in different ways to prevent or lessen harm. Coeluting substances in the sample matrix have an effect on the analyte
signals. They can impede or, less frequently, increase the analyte's ionization process, producing stronger or weaker signals,
respectively. Furthermore, auxin, a different hormone present in plants, combines with cytokinins to prevent senescence,
which, at least in its early stages, serves as a structured metabolic time and a tissue breakdown. Furthermore, synthetic
amino acids with unique light-absorbing side chains may be used to add colors to such a new photosystem and rice showed
that under circumstances of dehydration stress, levels of galactinol and raffinose were enhanced.
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Aside from transmembrane complexes like PSI,
INTRODUCTION cytochrome b6f, or PSII, other elements are also crucial
for electron transport. These include the plastid terminal
oxidase (PTOX) and the NADH chloroplast
dehydrogenase complex. It is situated between PSII and
the cytochrome b6f complex on the stromal side of the
thylakoid membrane. By giving electrons to oxygen, it
oxidizes the plastoquinone pool and causes a water
molecule to form. By doing this, the plastoquinone is
shielded from undue decrease. PTOX is found in the non-

Changes in the pigment and protein complexes
involved in the light reactions of photosynthesis can be
caused by environmental conditions, particularly those
related to light quality and intensity during growth.
Photoinhibition, which is linked to an excess of reactive
oxygen species (ROS) and membrane damage to the
thylakoids, can occasionally be brought on by light.
Multiple environmental elements can cause a

complicated reaction from the plant, which is normal for appressed portions of thylakoids where PSI is prominent,

C4 plants as they can thrive in hot, dry environments and it makes up 1% of the PSII content in Arabidopsis
with high light intensity [1-3]. thaliana [4-7]
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Fig-1: The hormone content and responsiveness as determined in plants

Biochemical Nature of Hormones

The manufacture house of gibberellins (GAS) is
a three-stage biochemical process that begins with GGPP
(geranyl-geranyl diphosphate) and is catalyzed by
several enzymes found in various plant cell components.
Enzyme genetically proplastids undergo the first step
towards gibberellins pathways. Cytochrome P-450
monooxygenases in the endoplasmic reticulum
subsequently catalyze the second stage of oxidation of
ent-kaurine-formed GA12-aldehyde. The MVA route,
which supplies IPP for GA synthesis, is responsible for
GA synthesis in fungi. As of right present, fungi are
known to create different GAs. GAs are also known to
be produced by some rhizobacteria that promote plant
development [5-7].

One key method by which microorganisms
control plant development has been proposed to be the
generation of auxin or auxin precursors by bacteria
associated with roots, or the manipulation of auxin
production in plants. The effects of pathogenic and
beneficial root-interacting fungi on the hormone content
and auxin responsiveness of Arabidopsis, as determined
by the auxin-inducible promoter system. Only one
advantageous fungal endophyte, Piriformospora indica,
appeared to quickly and robustly stimulate auxin
response in Arabidopsis, which was connected with the
enhancement of lateral root growth, despite the fact that
several of the fungus generated auxin. On the other hand,
the auxin response was reduced in the other interactions.
This might have been caused by the generation of
jasmonic acid in the instance of Mortierella hyalina, the
other beneficial fungal endophyte under investigation [8,
9]. Following comprehension of the biosynthesis of all
classical hormones, with the exception of auxin (IAA),
hormone biosynthesis regulation and hormone signaling.
The ethylene, cytokinin, brassinosteroids, auxin, and GA
receptor proteins have previously been found, and recent
X-ray crystallographic investigations of the IAA and GA
receptors demonstrated the special characteristics of
plant hormone receptors. Certain beneficial endophytes
that exhibit ACC deaminase activity and/or the ability to
generate auxin may help host plant development in
challenging environments [8, 9].

Many developmental processes, like as stem
elongation, germination, vegetative growth, blooming,
and reproduction, are regulated by GAs. In the research
on rice bakanae (foolish seedling) disease, GAs were
discovered. The symptoms of silly seedling illness were
demonstrated to be induced by a chemical generated.
This material was later given the name "gibberellin.
Certain artificial substances exhibit structural and
chemical similarities with phytohormones that are found
in nature. These substances are easily absorbed by the
seedlings' hypocotyl, where they are hydrolyzed and
cleaved to release auxins. Although over 130 GAs have
been identified to far, only a small number of them-GAL,
GAZ3, and GA4-have biological activity [10, 11]. Several
different enzymes convert geranylgeranyl diphosphate
(GGDP) into GAs. GAs cannot become bioactive unless
they are hydroxylated at the 3 location. When bioactive
GAs are hydroxylated at the 2 site by GA2-oxidase, a
2-oxoglutarate-dependent dioxygenase, they lose their
activity (GA2o0x). The signaling pathway has been
developed since the GA receptor, GA-insensitive dwarfl
(GID1), was discovered in rice. GID1's lid changes shape
in response to GA binding to the GID1 receptor, enabling
GID1 to interact with the rice DELLA protein SLR1.
Arabidopsis has also been found to have GID1 receptors
[10, 11].

Several different enzymes convert
geranylgeranyl diphosphate (GGDP) into GAs. GAs
cannot become bioactive unless they are hydroxylated at
the 3 location. When bioactive GAs are hydroxylated at
the 2P site by GA2-oxidase, a 2-oxoglutarate-dependent
dioxygenase, they lose their activity (GA20x). Since its
discovery, researchers have examined the signaling
mechanism of GA-insensitive dwarfl (GID1), the GA
receptor found in rice. GID1's lid changes shape in
response to GA binding to the GID1 receptor, enabling
GID1 to interact with the rice DELLA protein SLR1.
Arabidopsis has also been found to have GID1 receptors
[10, 11].

For the measurement of hormones, liquid
chromatography—tandem mass spectrometry, or LC-
MS/MS, has become the industry standard. Variations in
light intensity can cause excess excitation, which in turn
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causes excited triplet states of chlorophyll. These states
can create dangerous reactive oxygen species (ROS)
when they interact with O2. This is especially true in
situations when abiotic stresses prevent carbon from
being fixed. Various distinct defensive mechanisms
function at various periods to prevent or lessen harm.
Coeluting elements in the sample matrix have an impact
on analyte signals; they can hinder or, less frequently,
increase the analyte's ionization process, leading to lower
or bigger signals, respectively [12, 13]. The most used
method for hormone analysis these days is liquid
chromatography—tandem mass spectrometry (LC-
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MS/MS). In instances when abiotic stress prevents
carbon fixation, variations in light intensity can lead to
excess excitation that creates excited triplet chlorophyll
states that can mix with O2 to form damaging reactive
oxygen species (ROS). Numerous unique defense
systems operate at different times to avert or mitigate
damage. Analyte signals are affected by coeluting
materials in the sample matrix; these materials can either
enhance or decrease the analyte's ionization process,
resulting in increased or decreased signals, respectively
[12, 13].
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Fig-2: The various effective responsiveness in plant growth effects

Considering the length of the growth season's
photosynthetic activity, the speed at which light
responses are regulated, and the anticipated influence of
the thylakoid electron transport rate [14, 15]. Approaches
that focus on boosting the activity or adjusting the levels
of its constituent components can be broadly divided into
two categories: those that introduce new pigments,
components, or entire protein complexes, modify its
regulation, or modify the way proteins function by
exchanging amino acids to enable new functions of the
photosynthetic machinery. Any of the many plant
hormones known as cytokinins that affect growth and
stimulate cell division. The roots are the site of cytokinin
synthesis, whereby adenine is often the starting point.
Via the woody tissue known as xylem, they are
transported to the leaves and fruits, where they are
necessary for healthy cell division and development.
Moreover, auxin, another hormone found in plants,
works in tandem with cytokinins to inhibit senescence,
which functions as both a structured period of

metabolism and a tissue disintegration during its initial
phases, at least. The withering of single leaves, which
happens as proteins degrade and chlorophyll levels drop,
is a prime example of senescence. By maintaining the
protein, chlorophyll, and structural integrity of the leaf,
cytokinins stop leaf yellowing [16-19].

Given the anticipated influence of the thylakoid
electron transport rate, the rate at which the light
reactions are regulated, and the duration of
photosynthetic activity throughout the growing season,
the more seek to alter the light reactions of
photosynthesis, i.e., efforts to boost econversion, and
only briefly discuss tactics meant to extend the activity
of the light reactions, which are typically taken into
account. The strategies covered below can be broadly
divided into two categories: those that focus on
extending the photosynthetic machinery's activity or
modifying its component levels, and those that add new
pigments, components, or entire protein complexes to the
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machinery or change its regulation to enable new
functions [20, 21]. Modifying gE's reaction capacity to
lumen pH is one method of adjusting gE sensitivity. It
has been demonstrated that the differential accumulation
of xanthophyll and antenna components changes gE
sensitivity throughout developmental time-scales. More
dynamic variations in gE sensitivity may theoretically
arise from modifications in the pH response of gE's
molecular constituents. For instance, covalent alteration
of PsbS or VDE may change the pKas of protonatable
groups on PsbS or the pH dependency of VDE,
respectively. Changes in the composition of the
membrane might potentially affect the propensity of
LHCs to bind or aggregate with xanthophyll constituents,
actions that have been linked to gE's exciton dissipation.
In any case, a range of qE to ApH sensitivities would be
anticipated. Conversely, under extreme acceptor limiting
conditions, qE was a continuous function of ApH;
however, in tobacco, over conditions where QE
sensitivity was significantly changed by changing CO2
levels, a constant relationship was found between gE and
estimates of light-driven pmf changes. These results
suggest that lumen pH and gE are continuously
correlated in these conditions, and that transitory changes
in qE sensitivity are not explained by fluctuations in
antenna response [19-22].

Although some of the genetic engineering
methods outlined above may be classified as synthetic
biology, a true synthetic biology project would
concentrate on developing photosystems that are
resistant to harm from light. This means that new
"hardware” will be required, which may include
replacing light-sensitive subunits or maybe completely
overhauling the photosystems, particularly PSII.
Assuming that wholesale remodeling is feasible, the
question of what to do arises when there is more
excitation energy available than needed for carbon
fixation. During natural photosynthesis, excess
excitation energy is dissipated as heat to protect the
photosystems and halt the generation of reactive oxygen
species (ROS) [23-25]. Synthetic biology encompasses a
variety of techniques, including genetic engineering, but
a real synthetic biology effort would focus on creating
photosystems that are resistant to light-induced damage.
This implies that new "hardware" will be needed,
perhaps in the form of replacing light-sensitive subunits
or completely redesigning photosystems, most notably
PSII. Excess excitation energy is released as heat during
natural photosynthesis in order to safeguard the
photosystems and prevent the production of reactive
oxygen species (ROS) [11-13]. Consequently, it seems
sense to believe that different versions of photosystem
cores and light-harvesting antennas will be developed
and combined to satisfy the needs of diverse organisms
and settings. Such a modified photosystem core most
likely won't consist of a multiprotein-pigment complex,
in contrast to normal photosystems. Rather, the amount
of proteins in a redesigned photosystem may need to be
considerably reduced in order to get around the complex

plant assembly processes that need a myriad of unknown
assembly components. Furthermore, pigments might be
added to such a novel photosystem using artificial amino
acids that have special side chains that absorb light. Last
but not least, these novel photosystems may be used to
produce ATP and NADPH outside of the conventional
Z-scheme [23-26].

Therefore, it is reasonable to assume that in
order to meet the requirements of various creatures and
environments, a number of distinct designs for
photosystem cores and light-harvesting antennas will
need to be created and coupled. Unlike the natural
photosystems, such a modified photosystem core most
likely won't consist of a multiprotein-pigment complex.
Rather, to circumvent the intricate plant assembly
processes that need a multitude of unidentified assembly
components, the quantity of proteins in a redesigned
photosystem may need to be drastically decreased.
Moreover, synthesized amino acids with unique side-
chains that absorb light might be used to incorporate
pigments into such a new photosystem. Lastly, in
addition to being employed in the traditional Z-scheme
to generate ATP and [26-29].

Growers of canola are continuously trying to
boost yields by increasing the number of plants they
have, which makes nearby plants more competitive for
sunlight. In response to increasing competition for
sunlight, hormones cause stems to elongate more. Plants
may choose to focus more of their energy on growing
longer stems rather than larger leaf areas in response to
increased competition. This results in taller plants with
thinner stems and less growth of the leaf area, which
eventually leads to lower yields as opposed to higher
yields. Gibberellin and auxin levels can rise in response
to increased interplant competition, whereas ethylene
levels can fall. Theoretically, shoot shape and growth
might be controlled by using ethephon, a growth
retardant. In order to decrease plant height and enhance
leaf area, canola breeders may need to include dwarf
traits into new canola types in the future [21, 25, 29].

Outbreaks of water scarcity are caused by little
or nonexistent rainfall, which lowers soil moisture
content and lowers the ability for water to reach plant
aerial components like leaves and stems. When this
happens, in dry settings, the rate at which water is lost
through transpiration from leaves exceeds the rate at
which water is absorbed through roots. When there is a
water shortage, plants adjust to decrease stomatal water
loss by expanding their roots in an attempt to absorb
more water. Leaf rolling, stunning plants, yellowing
leaves, searing leaves, and persistent wilting are typical
signs of drought stress in plants. Additionally, the way in
which plants react to a particular water deficiency
depends heavily on the frequency and severity [22, 28].
It has recently been demonstrated that breeding drought
stress resistance in dry field circumstances is possible by
engineering of the raffinose biosynthetic pathway. The
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raffinose biosynthesis genes in Arabidopsis. A crucial
gene for the buildup of galactinol and raffinose in
response to heat, cold, and drought stress is galactinol
synthase (AtGolS). Among them, drought stress
particularly induces the AtGolS2 gene. Additionally,
AtGolS2 expression was upregulated by heat-shock
transcription factor A2 (AtHsfA2) and enhanced under
oxidative stress. Increases in galactinol and raffinose
levels, enhanced drought stress tolerance, and protection
from drought stress were the results of overexpressing
AtGolS2 in transgenic Arabidopsis and Brachypodium
[30-32]. These results demonstrate that, as compatible
solutes and ROS scavengers, galactinol and raffinose
may effectively shield cells from a variety of
environmental stressors, including dry field conditions.
The results of metabolome analysis in rice and soybean
showed that dehydration stress raised the levels of
galactinol and raffinose. It has been attempted to confirm
stress responses and phenotypes under dry field
circumstances by transforming rice and soybeans using
AtGolS2. Transgenic rice and soybean that
overexpressed AtGolS2 showed enhanced resistance to
drought as well as higher crop production in arid fields.
According to these results, AtGolS2 metabolic
engineering is a practical biotechnological approach for
minimizing grain production losses in the field during
drought stress [18, 22, 28]. As ROS scavengers,
galactinol and raffinose may effectively shield cells from
a variety of environmental stressors, including dry field
conditions. According to metabolome investigations,
dehydration stress raised the levels of galactinol and
raffinose in rice and soybeans. It has been attempted to
evaluate stress responses and phenotypes under dry field
circumstances by applying AtGolS2 for transformation
of rice and soybeans. In transgenic rice and soybean,
overexpression of AtGolS2 enhanced grain production in
dry field conditions and enhanced drought tolerance [31-
32].

CONCLUSION

Plant cells release plant hormones, which are
signal molecules with a distinct chemical structure that
control plant development and differentiation at low
concentrations. Certain plant hormones can be generated
by animal cells or have comparable effects to those of
animal hormones. Numerous studies demonstrate that
the impact of physiologically active plant-derived
components, such as phytohormones, is significantly
broader than previously believed; nevertheless, there are
currently no objective standards for evaluating the
impact of phytohormones on animal cells' physiological
conditions. Animal cells' reactions to plant hormones,
such as gibberellic, abscisic, and jasmonic acids, which
have varying impacts on plant growth and development,
may be for plant growth.

REFERENCES
1. Goche, T., Shargie, N. G., Cummins, I., Brown, A.
P., Chivasa, S., & Ngara, R. (2020). Comparative

physiological and root proteome analyses of two
sorghum  varieties  responding to  water
limitation. Scientific Reports, 10(1), 11835.

2. Kulheim, C., Agren, J., & Jansson, S. (2002). Rapid
regulation of light harvesting and plant fitness in the
field. Science, 297(5578), 91-93.

3. Alboresi, A., Storti, M., & Morosinotto, T. (2019).
Balancing protection and efficiency in the regulation
of photosynthetic electron transport across plant
evolution. New Phytologist, 221(1), 105-1009.

4. Anderson, B., & Barber, J. (1996). Mechanisms of
photodamage and protein degradation during
photoinhibition of photosystem II. In: Baker, N. R,
ed. Photosynthesis and the environment. Dordrecht,
The Netherlands: Kluwer Academic Publishers,
101-121.

5. Anderson, J. M., Park, Y. I., & Chow, W. S. (1997).
Photoinactivation ~ and  photoprotection  of
photosystem I in nature. Physiologia
Plantarum, 100(2), 214-223.

6. Billah, M., Khan, M., Bano, A., Nisa, S., Hussain,
A., Dawar, K. M., ... & Khan, N. (2020). Rock
phosphate-enriched compost in combination with
rhizobacteria; a cost-effective source for better soil
health and  wheat  (Triticum  aestivum)
productivity. Agronomy, 10(9), 1390.

7. Bukhat, S., Imran, A., Javaid, S., Shahid, M.,
Majeed, A., & Naqgash, T. (2020). Communication
of plants with microbial world: Exploring the
regulatory networks for PGPR mediated defense
signaling. Microbiological research, 238, 126486.

8. Salazar-Cerezo, S., Martinez-Montiel, N., Garcia-
Sanchez, J., Pérez-y-Terron, R., & Martinez-
Contreras, R. D. (2018). Gibberellin biosynthesis
and metabolism: A convergent route for plants,
fungi and bacteria. Microbiological research, 208,
85-98.

9. Corso, D., Delzon, S., Lamarque, L. J., Cochard, H.,
Torres-Ruiz, J. M., King, A., & Brodribb, T. (2020).
Neither xylem collapse, cavitation, or changing leaf
conductance drive stomatal closure in wheat. Plant,
Cell & Environment, 43(4), 854-865.

10. Nascimento, F. X., Rossi, M. J., & Glick, B. R.
(2018). Ethylene and 1-aminocyclopropane-1-
carboxylate (ACC) in plant—bacterial
interactions. Frontiers in plant science, 9, 114.

11. Hedden, P. (2020). The current status of research on
gibberellin biosynthesis. Plant and Cell
Physiology, 61(11), 1832-1849.

12. Hwang, I., & Sakakibara, H. (2006). Cytokinin
biosynthesis and perception. Physiologia
Plantarum, 126(4), 528-538.

13. Jiang, K., & Asami, T. (2018). Chemical regulators
of plant hormones and their applications in basic
research and agriculture. Bioscience, biotechnology,
and biochemistry, 82(8), 1265-1300.

14. Kebeish, R., Niessen, M., Thiruveedhi, K., Bari, R.,
Hirsch, H. J., Rosenkranz, R., ... & Peterhénsel, C.
(2007). Chloroplastic photorespiratory bypass
increases photosynthesis and biomass production in

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates 21



Azka Saleem et al, Haya Saudi J Life Sci, Jan, 2024; 9(1): 17-22

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Arabidopsis thaliana. Nature biotechnology, 25(5),
593-599.

Krieger-Liszkay, A., & Feilke, K. (2016). The dual
role of the plastid terminal oxidase PTOX: between
a protective and a pro-oxidant function. Frontiers in
plant science, 6, 1147.

Langdale, J. A. (2011). C4 cycles: past, present, and
future research on C4 photosynthesis. The Plant
Cell, 23(11), 3879-3892.

Le, A, Ng, A, Kwan, T., Cusmano-Ozog, K., &
Cowan, T. M. (2014). A rapid, sensitive method for
quantitative analysis of underivatized amino acids
by liquid chromatography—-tandem mass
spectrometry (LC-MS/MS). Journal of
Chromatography B, 944, 166-174.

Long, S. P., Humphries, S., & Falkowski, P. G. (1994).
Photoinhibition of photosynthesis in nature. Annual
review of plant biology, 45(1), 633-662.

Houben, M., & Van de Poel, B. (2019). 1-
Aminocyclopropane-1-carboxylic acid oxidase
(ACO): the enzyme that makes the plant hormone
ethylene. Frontiers in plant science, 10, 695.
Martinez-Vilalta, J., & Garcia-Forner, N. (2017).
Water potential regulation, stomatal behaviour and
hydraulic transport under drought: deconstructing
the iso/anisohydric concept. Plant, cell &
environment, 40(6), 962-976.

Ahmad, N., Khan, M. O., Islam, E., Wei, Z. Y.,
McAusland, L., Lawson, T., ... & Nixon, P. J.
(2020). Contrasting responses to stress displayed by
tobacco overexpressing an algal plastid terminal
oxidase in the chloroplast. Frontiers in Plant
Science, 11, 501.

Nishiyama, Y., & Murata, N. (2014). Revised
scheme for the mechanism of photoinhibition and its
application to enhance the abiotic stress tolerance of
the photosynthetic machinery. Applied
microbiology and biotechnology, 98, 8777-8796.
Xu, G, Yang, S., Meng, L., & Wang, B. G. (2018).
The plant hormone abscisic acid regulates the
growth and metabolism of endophytic fungus
Aspergillus nidulans. Scientific reports, 8(1), 6504.
Sato, A., Sato, Y., Fukao, Y., Fujiwara, M.,
Umezawa, T., Shinozaki, K., ... & Uozumi, N.
(2009). Threonine at position 306 of the KAT1
potassium channel is essential for channel activity
and is a target site for ABA-activated

25.

26.

217.

28.

29.

30.

31.

32.

SNRK2/0OST1/SnRK2. 6 protein
kinase. Biochemical Journal, 424(3), 439-448.
Selvaraj, M. G, Ishizaki, T., Valencia, M., Ogawa, S.,
Dedicova, B., Ogata, T., ... & Ishitani, M. (2017).
Overexpression of an Arabidopsis thaliana galactinol
synthase gene improves drought tolerance in transgenic
rice and increased grain yield in the field. Plant
biotechnology journal, 15(11), 1465-1477.

Shikanai, T. (2016). Chloroplast NDH: a different
enzyme with a structure similar to that of respiratory
NADH dehydrogenase. Biochimica et Biophysica
Acta (BBA)-Bioenergetics, 1857(7), 1015-1022.
Siegel,R. S., Xue, S., Murata, Y., Yang, Y., Nishimura,
N., Wang, A., & Schroeder, J. 1. (2009). Calcium
elevation-dependent and attenuated resting calcium-
dependent abscisic acid induction of stomatal closure
and abscisic acid-induced enhancement of calcium
sensitivities of S-type anion and inward-rectifying K+
channels in Arabidopsis guard cells. The Plant
Journal, 59(2), 207-220.

Soni, P., Nutan, K. K., Soda, N., Nongpiur, R. C.,
Roy, S., Singla-Pareek, S. L., & Pareek, A. (2015).
Towards understanding abiotic stress signaling in
plants: convergence of genomic, transcriptomic,
proteomic, and metabolomic
approaches. Elucidation of Abiotic Stress Signaling
in Plants: Functional Genomics Perspectives,
Volume 1, 3-40.

Sussmilch, F. C., Brodribb, T. J., & McAdam, S. A.
(2017). Up-regulation of NCED3 and ABA
biosynthesis occur within minutes of a decrease in
leaf turgor but AHK1 is not required. Journal of
Experimental Botany, 68(11), 2913-2918.
Tudzynski, B., Studt, L., & Rojas, M. C. (2016).
Gibberellins in fungi, bacteria and lower plants:
biosynthesis, function and evolution. Annual Plant
Reviews, Volume 49: Gibberellins, The, 121-152.
von Caemmerer, S., & Furbank, R. T. (2016).
Strategies for improving c4
photosynthesis. Current  Opinion  in  Plant
Biology, 31, 125-134.

Wang, S., Cyronak, M., & Yang, E. (2007). Does a
stable isotopically labeled internal standard always
correct analyte response?: A matrix effect study on
a LC/MS/MS method for the determination of
carvedilol enantiomers in human plasma. Journal of
pharmaceutical and biomedical analysis, 43(2),
701-707.

© 2024 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

22



