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Structural changes induced by gibberellic acid in the
renal cortex of adult male albino rats

Abstract

Background: Plant growth regulators (PGRs) are not nutrients, but chemicals that
promote and influence growth, development and differentiation of cells and tissues of
the plant. Gibberellic acid (GA3) is one of the PGRs, which is widely used to increase
plant size, production and plants availability all the year. However, PGRs must be used
cautiously to decrease its probable toxicity on some body organs including the kidney.

Materials and methods: 40 adult male albino rats were divided equally into two
groups.

i. Group I: Control group: subdivided into two equal subgroups. Subgroup Ia (control
—ve): Rats given only regular diet. Subgroup Ib (control +ve): Rats given (NaOH)
vehicle for gibberellic acid.

i. Group II: Treated group: was given 75ppm of gibberellic acid orally by gastric tube,
the treated group was further subdivided into two equal subgroups. Subgroup Ila:
Rats given gibberellic acid for only 2weeks. Subgroup IIb: Rats given gibberellic
acid for 2months. The kidneys were extracted to obtain pieces from the renal cortex
for histological examination. Blood samples were taken to assess kidney functions
by measuring serum urea and creatinine. Morphometric analysis was also done.

Results: H&E-stained sections of subgroup Ila revealed distended glomeruli,
obliterating Bowman’s spaces. Distortion of the renal tubules, areas of hemorrhage
and congested blood capillaries were noticed. Subgroup IIb revealed shrinkage of
many glomeruli with marked widening of Bowman’s space. Some tubular changes
were detected in the form of dilatation, tubular lumens containing exfoliated cells and
hyaline casts. PAS-stained sections of treated subgroups showed a weak PAS reaction
in the brush borders of the proximal convoluted tubules compared to control subgroups.
Masson’s trichrome-stained sections of treated subgroups revealed many collagen
fibers in the renal interstitium around renal corpuscles and tubules in comparison with
control subgroups. Biochemical analysis showed that the highest levels of serum urea
and creatinine are present in the subchronic group. Morphometrical analysis showed
that the thickness of Bowman’s space, diameter of convoluted tubules and number of
inflammatory cells are significantly increased in the treated groups when compared
with control groups.

Conclusion: The study implied that administration of gibberellic acid induced toxic
effects on the renal cortex. So, occupational and environmental exposure to gibberellic
acid should be limited.
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Introduction

Many chemicals are currently used in agriculture nowadays. One
of these chemicals is the plant growth regulators. They are also known
as phytohormones or plant growth hormones. Their use began in the
1930.! Gibberellic acid is a type of the plant growth hormones. Plants
produce these hormones naturally through biosynthesis as they grow,
ensuring that they have the hormones which they need to develop
normally. These hormones can also be applied to plants by gardeners
and farmers to achieve specific desired outcomes.? Gibberellic acid is
widely used in many countries including Egypt. Little is known about
its hazardous effects in mammals as well as human health.?

Hazards of these regulators placed into the environment may soon
exceed those of insecticides.* Gibberellins are one of the six major
classes of plant growth regulators according to the American Society

of Agricultural Science. The World Health Organization (1990)
classified gibberellic acid as a plant growth regulators related to
pesticides, they are widely employed in agriculture.! Gibberellic acid
is one of the most active hormones of gibberellins. It affects many
mechanisms of plant growth including stem elongation by stimulating
cell division and elongation, fruit development and breaking dormancy
and seed germination.® If gibberellic acid or one of its metabolites is
applied to dwarf varieties of peas, broad beans or maize, growth is
greatly accelerated.® However, several studies demonstrated that, the
chronic consumption of gibberellic acid increased tumor formation
and oxidative stress, hepatocellular carcinomas in 16% of the
animals.” Also, it was shown that gibberellic acid induced breast and
lung adenocarcinomas in mice.® Gibberellic acid was found to induce
chromosomal aberrations in lymphocytes of humans® and mice.'® The
kidney is one of the common target organs for toxicity. It extracts
and concentrates toxic substances due to its large blood flow (about
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20% of cardiac output), so glomerular, tubular and renal interstitial
cells frequently encounter significant concentration of toxins and
their metabolites, which can induce adverse changes in function and
structure of the kidney."!

Material and methods

Chemicals

A. Gibberellic acid: (2, 4 a, 7-Trihydroxy-1-methyl-8-methylene-
gib-3-ene-1, 10- dicarboxylic acidl,4a-lactone) in the form of
white crystalline powder, was bought from Sigma -Aldrich che-
mical Co., Germany.

B. Sodium hydroxide: It was used to dissolve gibberellic acid. It
was obtained from El- Nasr Co., Egypt.

Experimental animals

This study was carried out on 40 adult male albino rats weighing
(150-200gm). They were obtained from the animal house of scientific
and medical research center, Zagazig University (ZSMRC). Before
commencing the experimentation, all animals were subjected to
2weeks period of passive preliminaries in order to adapt themselves
to their new environment. They were maintained on a standard diet
and water as available ad libitum according to Ethical Committee of
Animals (IRB).

Grouping of animals
The rats were classified into two groups:

Control group (Group I): 20 animals subdivided into two equal
subgroups ten rats each.

Subgroup Ia (control —ve): Rats ingested only regular diet and
distillated water for 2months.

Subgroup Ib (control +ve): Rats ingested vehicle for gibberellic acid
(1ml of 1N NaOH added to 1000ml of tap water) orally 5days/week
for 2months.'

Treated group (group II): 20 animals ingested gibberellic acid. It
was given orally by gastric tube Sdays/week in a dose of 75 mg of
gibberellic acid dissolved in 1ml of 1 N NaOH and then diluted with
1000ml tap water to obtain 75 ppm gibberellic acid. It was accepted
that 7-28days of exposure for subacute toxicity and 28-90days for
subchronic toxicity."?

The treated group was further subdivided into two equal subgroups
ten rats each.

Subgroup Ila (subacute toxicity): Rats ingested gibberellic acid for
2weeks.

Subgroup IIb (subchronic toxicity): Rats ingested gibberellic acid
for 2months.

The animals were anaesthetized by intraperitoneal injection of
phenobarbiton. Venous blood samples were obtained from animals by
means of capillary glass tubes from the retro-orbital plexus. About 2ml
of blood was allowed to perculate into a centrifuge tube and incubated
at 37°C until blood clotted then centrifuged to separate the serum.
The samples were maintained at (-20°C) to be used for estimation of
kidney function tests in (ZSMRC). The animals were sacrificed and
their kidneys were dissected out and processed for histological study.
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Histological analysis

For light microscope examination, the specimens were immediately
immersed in 10% formol saline for 48hours to be processed and
embedded in paraffin, processed for the preparation of Su. thickness
sections for haematoxylin and eosin (H & E), Periodic Acid Schiff
(PAS) and Masson’s trichrome stain.'

Biochemical analysis

Estimation of serum urea and creatinine has been carried out using
kit of biomerieux France.

Morphometric analysis

Sections stained with haematoxylin and eosin were
morphometrically analyzed by using image analyzer computer
system. Data were obtained using Leica Qwin 500 Image Analyzer
Computer System (England) in the image analysis unit in Histology
and Cell Biology Department, Faculty of Medicine, Cairo University.

The thickness of Bowman’s space of renal corpuscles and the
diameter of convoluted tubules were estimated by using the measuring
field menu in haematoxylin and eosin slides in random microscopic
areas under 200 high power fields. A mean of 15 readings was
estimated from 5 serial sections from slides of each animal in each
group. The inflammatory cells in the interstitial tissue were counted
in haematoxylin and eosin slides under 200 high power fields. The
number of cells was assessed by counting all nuclei of the blue stained
cells.

Statistical analysis

Statistical differences between the groups were tested by analysis
of variance (ANOVA) (F test) and LSD test. All analyses were done
with SPSS software (version 16). For all the mentioned statistical
tests, the threshold of significance is fixed at 5% level (P-value). P
value of >0.05=Non Significant (NS). P value of <0.05=Significant
(*). P value <0.001= Highly Significant (**). The smaller the P-value
obtained the more significant are the results.

Results

Histological results

Group I: (control group): Haematoxylin and eosin- stained sections
from the control subgroups (la, Ib) showed that the renal cortex is
formed of renal corpuscles and tubules. Renal corpuscle is formed
of glomerulus surrounded by Bowman’s capsule. Distal convoluted
tubules had wider lumen than proximal convoluted tubules. The distal
tubules are lined by small cuboidal cells. Proximal convoluted tubules
had narrow lumen and lined by cuboidal cells (Figure 1). PAS stained
sections showed strong positive reaction in the basement membranes
of Bowman’s capsules and convoluted tubules. Strong positive
reaction in the brush border of proximal convoluted tubules was seen
Figure 2. Masson’s trichrome stained sections showed few collagen
fibers in the renal interstitium around renal corpuscles and tubules
Figure 3.

Subgroup Ila: (subacute toxicity): In the renal cortex of this group,
H & E-stained sections showed hyper-cellularity of the glomerulus
with proliferation of mesengial cells, areas of hemorrhage and
exfoliated nuclei into the lumen of tubules were observed (Figure 4).
Bowman’s space showed deposition of hyaline material. Vaculations
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in the epithelial lining of the tubules and inflammatory cells infiltrate
in between tubules were also observed Figure 5. PAS-stained sections
showed a strong positive reaction in the Bowman’s capsules and the
basement membranes of tubules. Variable PAS reactions in the brush
borders of tubules were also seen. Positive PAS reaction is seen at the
brush borders of the tubular cells and negative in other areas Figure
6. Masson’s trichrome stained sections showed some collagen fibers
in the renal interstitium around renal corpuscles and tubules Figure 7.

adult albino rat showing glomerulus (G) surrounded by Bowman’s space (BS).
Proximal (PT) and distal (DT) convoluted are also seen. (H & E X 400).

adult albino rat showing strong PAS positive reaction of Bowman’s capsule
(arrow) and basement membrane (double arrow) of the proximal convoluted
tubules (PT) and distal convoluted tubules (DT). The brush border of the
proximal tubule shows also a strong reaction (thick arrow) (PAS X 400).

Subgroup IIb: (subchronic toxicity): Haematoxylin and eosin-
stained sections showed small sized glomerulus. The tubules were
disorganized and widely surrounded by interstitial hemorrhage
Figure 8. Degenerated glomerulus was also seen. The lumen of
tubules showed homogenous acidophilic material and desquamated
cellular debris Figure 9. PAS-stained sections showed weak reaction
in Bowman’s capsule and basement membranes of tubules. Negative
reaction in the brush borders of tubules was also seen Figure 10.
Masson’s trichrome stained sections showed many collagen fibers in
the renal interstitium around renal corpuscles and tubules Figure 11.

Biochemical and statistical results

Estimation of the levels of serum urea and creatinine (mg/dl) in
the different studied groups showed that there was no significant
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difference (P>0.05) between control subgroups, (Ia) control —ve and
(Ib) control +ve. There was a highly significant difference (P<0.001)
between group (I1a) of subacute toxicity and group (IIb) of subchronic
toxicity. The levels of serum urea and creatinine (mg/dl) tended to
be increased in the treated groups (Ila, IIb) in comparison with the
control groups (Ia, Ib). The highest levels of serum urea and creatinine
(mg/dl) are present in the treated group (IIb) of subchronic toxicity
(Table 1, Histogram I)

Morphometrical and statistical results

Morphometrical analysis was used for the following parameters:
The thickness of Bowman’s space of the renal corpuscles, the diameter
of the convoluted tubules and the number of inflammatory cells in the
interstitial tissue.

Figure 3 A photomicrograph of a section from the renal cortex of a control
adult albino rat showing few collagen fibers around the renal corpuscle (thin
arrow) and in between tubules (thick arrow). (Masson’s trichrom X 400).

Figure 4 A photomicrograph of a section from the renal cortex of adult albino
rat treated with gibberellic acid for two weeks showing hyper cellularity of the
glomerulus (G) with proliferation of mesengial cells (thick arrows). Exfoliated
nuclei into the lumen of tubules (arrow heads) and areas of hemorrhage (H)
are also observed. (H & E X 400).

There was no significant difference (P>0.05) between control
subgroups, (Ia) control —ve and (Ib) control +ve. There was a highly
significant difference (P<0.001) between group (Ila) of subacute
toxicity and group (IIb) of subchronic toxicity. The thickness of
Bowman’s space tended to be increased in group (IIb) of subchronic
toxicity and decreased in group (Ila) of subacute toxicity. The diameter
of the convoluted tubules tended to be increased in the treated groups
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(ITa, IIb). The highest diameter present in the treated group (IIb) of
subchronic toxicity. The number of inflammatory cells tended to be
increased in the treated groups (Ila, IIb). The inflammatory cells are
maximally increased in the treated group (Ila) of subacute toxicity
(Table 2, Histogram I-1V).

Figure 5 A photomicrograph of a section from the renal cortex of adult
albino rat treated with gibberellic acid for two weeks showing distended
glomerulus (G) with deposition of hyaline material in Bowman’s space
(asterisk). Vaculations in the epithelial lining of the tubules (arrow heads)
and inflammatory cells infiltrate in between tubules (double arrows) are also
observed. (H & E X 400).

Figure 6 A photomicrograph of a section from the renal cortex of adult
albino rat treated with gibberellic acid for two weeks showing strong PAS
positive reaction of Bowman’s capsule (arrow) and the basement membrane
of the tubules (double arrow).Variable PAS reaction of the brush borders of
the tubular cells, positive PAS reaction is seen at the brush borders of the
tubular cells (thick arrows) and negative in other areas (asterisk). (PAS X 400).

Figure 7 A photomicrograph of a section from the renal cortex of adult
albino rat treated with gibberellic acid for two weeks showing some collagen
fibers around the renal corpuscle (thin arrow) and in between tubules (thick
arrow). (Masson’s trichrom X 400).
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Figure 8 A photomicrograph of a section from the renal cortex of adult
albino rat treated with gibberellic acid for two months showing small sized
glomerulus (G).The tubules were disorganized and wide (T) surrounded by
interstitial hemorrhage (H). (H & E X 400).
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Figure 9 A photomicrograph of a section from the renal cortex of adult
albino rat treated with gibberellic acid for two months showing degenerated
glomerulus (G), dilated tubule (T) with thinning in the epithelial lining (arrow).
The lumen of tubules showed homogenous acidophilic material (asterisk) and
desquamated cellular debris (arrow head). (H & E X 400).

Figure 10 A photomicrograph of a section from the renal cortex of adult
albino rat treated with gibberellic acid for two months showing weak positive
PAS reaction of Bowman’s capsule (arrow) and basement membrane of the
tubules (double arrows). Negative PAS reaction at the brush borders of
tubular cells (arrow head) is also observed. (PAS X 400).

-
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Histogram Il Chart showing mean values of thickness of Bowman’s space of
the renal corpuscles in the different studied groups.

Figure 11 A photomicrograph of a section from the renal cortex of adult

albino rat treated with gibberellic acid for two months showing many collagen The diameter of convoluted tubules
fibers around the renal corpuscle (thin arrow) and in between tubules (thick
arrow). (Masson’s trichrom X 400). 30
Table | Comparisons between mean values of serum urea and creatinine 25 -
(mg/dl) in the different studied group using ANOVA (analysis of variance) (F)
test
20
Groups Urea(mg/dl) Creatinine(mg/dl)
15 !
Control groups
(la): Mean%Sd 16.7£2.6 0.77+0.18 10 T T
(Ib): Mean+Sd 15.64£2.5 0.79+0.19
5
Subacute toxicity (lla):
Mean+Sd 30.8+4.9 1.6£0.28 0
Subchronic toxicity (llb): Control-ve  Control  subacute subchronic
MeanzSd 36.6£6.4 1.840.23 tve  toxicty  toxicity
F 33.03 35.17
Histogram Il Chart showing mean values of the diameter of the convoluted
P <0.00 %% <0.00 %% tubules in the different studied groups.
No. of inflammatory cells
Urea gand creatinin mamg/dl "
80 T
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Histogram | Chart showing mean values of serum urea and creatinine (mg/ ) . )
cells in the different studied groups.

dl) in the different studied groups.
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Table 2 Comparisons between mean values of the thickness of Bowman’s
space of renal corpuscles, the diameter of convoluted tubules and the number
of inflammatory cells using ANOVA (analysis of variance) test

Control Sub acute Sub .
groups toxicity chrf)r:nc
Parameters toxicity P
MeantSd MeantSd MeantSd
+ + + < ok
Thickness of 3.5+0.7 2.1+0.3 15.7£1.2 0.001
Bowman's
space
3.5+0.8
) 4418 76.6x1.9 116.4£0.7  <0.001**
Diameter of
convoluted
tubules
4419
Number of
inflammatory =~ ------- 58.6x1.7 133+ 1.3 <0.001%*
cells
Discussion

The extensive use of plant growth hormones in agriculture, make
it as an interesting subject to detect its possible harmful effects on the
kidney as one of the main target organs for many of different toxins.
So, the present work was designed to detect the effect of gibberellic
acid on the renal cortex of adult male albino rats at different durations,
two weeks to detect its subacute toxicity and twomonths to detect its
subchronic toxicity.

In this study, examination of the renal cortex of the control animals
stained with haematoxylin and eosin showed that the renal cortex was
formed of renal corpuscles and tubules. Renal corpuscle is formed
of glomerulus surrounded by Bowman’s capsule. Distal convoluted
tubules had wider lumen than proximal convoluted tubules. The distal
tubules are lined by small cuboidal cells and eosinophilic cytoplasm.
Proximal convoluted tubules had narrow lumen and lined by cuboidal
cells with apical brush border and more eosinophilic cytoplasm. Our
results were coincided with Guyton et al.'*

Sections of the control group stained with PAS, showed strong
reaction in the basement membranes of the glomeruli, Bowman’s
capsules, convoluted tubules and the brush borders of proximal
convoluted tubules. Masson’s trichrome stained sections showed few
collagen fibers in the interstitium of the renal cortex around the renal
corpuscles and tubules. The results agreed with Hassan et al.'

Haematoxylin and eosin stained sections in the subacute treated
group showed distended glomeruli with dilated congested capillaries
obliterating Bowman’s space. The surrounding tubules showed
loss in their normal architecture and vaculations in their epithelial
lining. Inflammatory cellular infiltrates in between tubules were
also observed. The same changes were found in the kidney treated
with gibberellic acid,'® and in the kidney treated with other plant
regulators.'” The authors concluded that inflammatory reactions were
a prominent response of the body tissue facing any injurious impacts.
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The hemorrhagic foci and the number of inflammatory cells detected
in this study by morphometric analysis, recorded that the maximum
levels of inflammatory cells were present in subacute group. It is
considered as signs of toxicity and consequent activation of the
defensive mechanism of the treated animals.'® The vacuolar formation
detected in the cellular lining of renal tubules in the subacute group
has been subjected to wide speculations by many investigators. They
demonstrated that cytoplasmic vacuolization is one of the important
primary responses to all forms of cell injury. They implied increased
permeability of cell membranes leading to an increase of intracellular
water. As water accumulated within the cell, it produced cytoplasmic
vacuolization."”

Haematoxylin and eosin stained sections in the subchronic treated
group in this study showed small sized renal corpuscles, degenerated
glomeruli surrounded by tubules containing cast in their lumen .
The tubules showed thinning in their epithelial lining. The lumen of
tubules showed homogenous acidophilic material and desquamated
cellular debris. Katzung® attributed the sensitivity of the glomeruli
to the large surface area of the glomerular capillaries which renders
them susceptible to damage from circulating toxins and immune
complexes. Glomerular atrophy in the treated animals of this work
may be regarded as a participation of the kidney in the elimination of
gibberellic acid from the body. Wakamatsu et al.?! was in agreement
with this explanation and reported that gibberellic acid was highly
injurious to the kidney of albino rats.

Some studies concluded that affection of the kidney tubules
including tubular atrophy and interstitial fibrosis increased with
the degree of glomerular involvement and loss.”? This explained
the aggravation of tubular degeneration in the subchronic toxicity
associated with glomerular degeneration and even loss. Oxidative
stress was considered as one of the molecular mechanisms of toxicity.
El Sayyad et al.*® made an analysis of antioxidant enzymes, lipid
peroxidation and reactive oxygen species of gibberellic acid treated
mothers and their off springs. The assayed antioxidant enzymes
superoxide dismutase (SOD), catalase (CAT), showed a considerable
reduction after treatment with gibberellic acid. There were marked
increase of malondialdehyde (lipid peroxidation product) and reactive
oxygen species. Nadia et al.* stated that neurotoxicity seen in the
cerebellum of rats treated with gibberellic acid attributed to increased
amount of reactive oxygen species products.

In this study, kidney histological results were confirmed by the
biochemical parameters. Assessment of the kidney functions have
made in the present work by estimating the serum urea and creatinine,
their levels are elevated in the treated subacute and subchronic
groups when compared with the control groups. These biomarkers
indicated cellular leakage and loss of function and the integrity of
cell membrane in the kidney.”® So gibberellic acid was considered as
a toxic substance to the renal cortex and it is recommended to limit
its occupational and environmental exposure. We should take special
precautions to limit the level of ground water and food contamination
with gibberellic acid.

Acknowledgements
None.

Conflict of interest

Author declares that there is no conflict of interest.

Citation: Rahm MAM,Atty YHA, Rahman MMA, et al. Structural changes induced by gibberellic acid in the renal cortex of adult male albino rats. MOJ Anat

Physiol. 2017;3(1):21-27. DOI: 10.15406/mojap.2017.03.00080


https://doi.org/10.15406/mojap.2017.03.00080

Structural changes induced by gibberellic acid in the renal cortex of adult male albino rats

References

1.

o]

Fishel FM. Gibberellins. USA: Agronomy department, Florida
cooperative extension service, Institute of food and agricultural sciences,
University of Florida; 2006.

. Ross JJ, Weston DE, Davidson SE, et al. Plant hormone interactions: how

complex are they? Physiol Plant. 2011;141(4):299-309.

. Saber NA, Jane B. Biology. 6th ed. San Francisco, USA: Benjamin

Cumming; 2003. p. 141-155.

. Celik I, Tuluce Y, Turker M. Antioxidant and immune potential marker

enzymes assessment in the various tissues of rats exposed to indole acetic
acid and kinetin: A drinking water study. Pesticide Biochemistry and
Physiology Journal. 2006;86(3):180-185.

. Neil AC, Reece JB. Phytohormones (plant hormones) and other growth

regulators: Gibberellin. /n: biology. 6th ed. San Francisco: Benjamin
Cummings; 2002.

.Bai MY, Shang JX, Oh E, et al. Brassinosteroid, gibberellin and

phytochrome impinge on a common transcription module in Arabidopsis.
Nat Cell Biol. 2012;14(8):810-817.

. Erin E, Afacan B, Ersony Y, et al. Gibberellic acid, a plant growth

regulator increase mast cell requirement and alters substance P levels.
Tox. 2008;245(1-2):75-81.

. EIMofty MM, Sakr SA, Rizk AM, et al. Carcinogenic effect of gibberellin

A3 in Swiss albino mice. Nutrition and Cancer. 1994;21(5):183-190.

. Zalinian GG, Arutiunian RM, Sarkisian GG. The cytogenetic effect of

natural mutagenesis modifiers in a human lymphocyte culture. The action
of aminobenzamide during the gibberellic acid induction of chromosome
aberrations. Tsitol Genet. 1990;24(3):31-34.

. Bakr SM, Moussa EM, Khater ES. Cytogenetic evaluation of

gibberellin A3 in Swiss albino mice. Journal of Union Arabian Biology.
1999;11(A):345-351.

. Martinez Salgodo C, Lopez Hernandez FJ, Lopez Novao JM. Reviews in

Mechanistic Toxicology, Glomeruler nephrotoxicity of amino glycosides.
Toxicol Appl Pharmacol. 2007;132(7):220-227.

. Tuluce Y, Celik I. Influence of subacute and subchronic treatment

of abscisic acid and gibberellic acid on serum marker enzymes and
erythrocyte and tissue antioxidant defense systems and lipid peroxidation
in rats. Pesticide Biochemistry and Physiology. 2006;86(2):85-92.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Copyright:
©2017 Rahm ecal. 27

Bancroft J, Gamble A. Theory and practice of histological techniques.
5th ed. New York, London: Churchill Livingstone; 2008.

Guyton A, Hall J. Text book of medical physiology. 10th ed. Philadilphia,
London, New York: WB Saunders campany; 2000. p. 1820-1833.

Hassan GM, Mazher KHM. Genotoxicity and histopathological studies
on the liver, kidney and lymphocytes of male rats fed on diet containing
waste fat released from chicken during grilling process. Journal of
Cytology and Histology. 2011;2(1):1-8.

Hanan AES, Mona MM, Hany MH. Biochemical and molecular profiles
of gibberellic acid exposed albino rats. Journal of American Science.
2010;6(11):18-23.

Yazar S, Baydan E. The subchronic toxic effects of plant growth
promoters in mice. Ankara Univ Vet Fak Derg. 2008;55(1):17-21.

Samir AN, Fawzya A, Ahmed MH, et al. Cytogenetic, histological and
histochemical studies on the effect of gibberellin A3 in albino rats.
Journal of American Science. 2012;8(1):75-83.

Filiopoulos V, Vlassopoulos D. Inflammatory syndrome in chronic
kidney disease: Pathogenesis and influence on outcomes. Inflamm
Allergy Drug Targets. 2009;8(5):369-382.

Katzung BG. Basic and clinical pharmacology. 3rd ed. Connreticut:
Appleton and Lang; 1990.

Wakamatsu N, Surdyk K, Carmichael KP, et al. Histologic and
ultrastructural studies of juvenile onset renal disease in four Rottweiler
dogs. Vet Pathol. 2007;44(1):96-100.

Javaid B, Olson JL, Meyer TW. Glomerular injury and tubular loss in
adriamycin nephrosis. J Am Soc Nephrol. 2001;12(7):1391-1400.

El Sayyad HIH, Ramadan MM, Abou Egla MH, et al. Role of gibberellic
and indole acetic acid in altering ocular structure and function of mother
rats and their offspring. British Journal of Medicine & Medical Research.
2015;10(12):1-14.

Nadia RA, Abou zeid, Hala F, et al. Neurotoxic effects of gibberellic acid
(GA3) and its withdrawal in adult male albino rats: A light and electron
microscopic study. Global Journal of Pharmacology.2015;9(3):222-233.

Troudi A, Ben Al, Soudani N, et al. Oxidative stress induced by gibberellic
acid on kidney tissue of female rats and their progeny: biochemical and
histopathological studies. J Physiol Biochem. 2011;67(3):307-316.

Citation: Rahm MAM,Atty YHA, Rahman MMA, et al. Structural changes induced by gibberellic acid in the renal cortex of adult male albino rats. MOJ Anat
Physiol. 2017;3(1):21-27.DOI: 10.15406/mojap.2017.03.00080


https://doi.org/10.15406/mojap.2017.03.00080
https://www.ncbi.nlm.nih.gov/pubmed/21214880
https://www.ncbi.nlm.nih.gov/pubmed/21214880
http://www.sciencedirect.com/science/article/pii/S0048357506000472
http://www.sciencedirect.com/science/article/pii/S0048357506000472
http://www.sciencedirect.com/science/article/pii/S0048357506000472
http://www.sciencedirect.com/science/article/pii/S0048357506000472
https://www.ncbi.nlm.nih.gov/pubmed/22820377
https://www.ncbi.nlm.nih.gov/pubmed/22820377
https://www.ncbi.nlm.nih.gov/pubmed/22820377
https://www.ncbi.nlm.nih.gov/pubmed/18948165
https://www.ncbi.nlm.nih.gov/pubmed/18948165
https://www.ncbi.nlm.nih.gov/pubmed/18948165
https://www.ncbi.nlm.nih.gov/pubmed/8058529
https://www.ncbi.nlm.nih.gov/pubmed/8058529
https://www.ncbi.nlm.nih.gov/pubmed/2238097
https://www.ncbi.nlm.nih.gov/pubmed/2238097
https://www.ncbi.nlm.nih.gov/pubmed/2238097
https://www.ncbi.nlm.nih.gov/pubmed/2238097
http://fulltext.study/preview/pdf/2010037.pdf
http://fulltext.study/preview/pdf/2010037.pdf
http://fulltext.study/preview/pdf/2010037.pdf
http://fulltext.study/preview/pdf/2010037.pdf
http://www.sigmaaldrich.com/catalog/product/sigma/t5321?lang=en&region=IN
http://www.sigmaaldrich.com/catalog/product/sigma/t5321?lang=en&region=IN
https://archive.org/details/GuytonHallTextbookOfMedicalPhysiology11thEdition
https://archive.org/details/GuytonHallTextbookOfMedicalPhysiology11thEdition
http://www.jofamericanscience.org/journals/am-sci/am0611/03_2733am0611_18_23.pdf
http://www.jofamericanscience.org/journals/am-sci/am0611/03_2733am0611_18_23.pdf
http://www.jofamericanscience.org/journals/am-sci/am0611/03_2733am0611_18_23.pdf
http://dergiler.ankara.edu.tr/dergiler/11/249/2229.pdf
http://dergiler.ankara.edu.tr/dergiler/11/249/2229.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20025585
https://www.ncbi.nlm.nih.gov/pubmed/20025585
https://www.ncbi.nlm.nih.gov/pubmed/20025585
https://www.ncbi.nlm.nih.gov/pubmed/17197631
https://www.ncbi.nlm.nih.gov/pubmed/17197631
https://www.ncbi.nlm.nih.gov/pubmed/17197631
https://www.ncbi.nlm.nih.gov/pubmed/11423568
https://www.ncbi.nlm.nih.gov/pubmed/11423568
http://www.sciencedomain.org/abstract/11406
http://www.sciencedomain.org/abstract/11406
http://www.sciencedomain.org/abstract/11406
http://www.sciencedomain.org/abstract/11406
http://idosi.org/gjp/9(3)15/1.pdf
http://idosi.org/gjp/9(3)15/1.pdf
http://idosi.org/gjp/9(3)15/1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/21305369
https://www.ncbi.nlm.nih.gov/pubmed/21305369
https://www.ncbi.nlm.nih.gov/pubmed/21305369

	Title
	Abstract
	Background
	Materials and methods
	Results
	Conclusion

	Keywords
	Introduction
	Material and methods 
	Chemicals
	Experimental animals 
	Grouping of animals 
	Histological analysis 
	Biochemical analysis 
	Morphometric analysis 
	Statistical analysis 

	Results 
	Histological results  
	Biochemical and statistical results 
	Morphometrical and statistical results  

	Discussion 
	Acknowledgements 
	Conflict of interest 
	References 
	Figure 1 
	Figure 2 
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Histogram I 
	Histogram II
	Histogram III
	Histogram IV
	Table 1
	Table 2

