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Light microscopic examination of the liver of GA3-treated rats
revealed histological alterations in the form of marked cytoplasmic
vacuolation in the hepatocytes, increased lipid droplets, pyknotic and
karyolitic hepatocyte nuclei, and inflammatory cell infiltration in the
portal area. Ultrastructure of the liver of GA3-treated rats confirmed
the light microscopic observations. The previous changes were more
severe in rats treated with 200 ppm GA3. The toxic effects of GA3
were dose-dependent.

However, stoppage of GA3 administration for 8 weeks has resulted in
some sort of regression of the previously mentioned effects; resulting
in incomplete recovery of these toxic effects.
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Introduction:-

Many chemicals are currently used in agriculture nowadays. One of these chemicals is the plant growth regulators
where its use began in the 1930s (Fishel, 2006). Plant growth regulators (PGRs) are also known as plant hormones
or phytohormones; used to regulate plant growth (Osborne and McManus, 2005).PGRs are commonly used as
agricultural chemicals (Celik et al., 2002). Gibberellic acid (GA3) is produced by a naturally-occurring fungus in
large vats (Schwechheimer and Willige, 2009).

GAZ3 is used to increase fruit size, increase cluster size (in grapes), delay ripening of citrus fruits, speed up flowering
of strawberries, and stimulate starch break down in barley (for beer making). Also, it is used to promote growth of
male flowers on female plants and allows production of female-only seeds and seedless fruits (Cambell and Jane,
2002; Seiler, 2005).

The World Health Organization listed GA3 as a plant growth regulators related to pesticides. GA3 could possess
risk to those professionally exposed, as well as the general population via the consumption of contaminated food
products (Tuluce and Celik, 2006).
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Gibberellic acids (GA3) are a class of naturally occurring plant hormones, first isolated from the fungus, Fusarium,
which affect plant growth, maturation and seed germination. They are a group of plant growth regulators (PGRs)
that are used in agriculture to stimulate both cell division and elongation of the leaves and stems. GA3 was used in
many countries including Egypt and Tunisia to increase the growth of fruits such as strawberries, grapes, date palm
and some vegetables such as tomatoes, cabbages, cauliflower, pepper and olive (Chaari et al., 2006).

Although GA3 is used commonly in agriculture, its potential hazardous effects on human health were relatively
unexplored. According to The U.S. Environmental Protection Agency (EPA), toxic xenobiotic chemicals are
irritating to the eyes, skin and mucous membrane and since it is easily absorbed dermally, orally or by inhalation,
can injure liver, kidney, muscle and brain tissues(Celik and Tuluce 2007).

The liver is the main target for the toxicity of several compounds. This is because 75% of blood coming to the liver
arrives directly from gastrointestinal organs and then spleen via portal veins which bring drugs and xenobiotics in
concentrated form (Lee and Senior, 2005). There are reports in support of GA3 impairment effects on the hepatic
function and structure of rats (Saker et al., 2003).

Although GA3 is extensively used in Egypt and other countries, little is known about its toxic effects in mammals as
well as its potential hazardous effects on human health (Saker et al., 2003; Erin et al., 2008;Amer and Hussien,
2010).The increasing use of this substance in agriculture making it as an interesting subject to investigate its
possible adverse effects on the liver as one of the main target organs for different xenobiotics.

Therefore, the aim of this study was to evaluate hepatotoxic effects of GA3 in adult male albino rats for 8 weeks,
and also to determine the effects of withdrawal of GA3 on the affected parameters following 8 weeks of follow up.

Materials and Methods:-

Chemicals:-

Gibaifar (5% Gibberellic acid) supplied byAIFARAGROCHIMICASRLViaBazzano, 12 16019 RoncoScrivia
(Genoa) Italy.www.aifar.it

Preparation of GA3: 2ml and 4ml of 5 % GA3 (equivalent to 100 mg and 200 mg of GAS3, respectively) were
diluted with tap water until 1000 ml to obtain 100 and 200 ppm of GA3, respectively.

Experimental animals:-

Adult male Wistar albino rats weighing 180-200 g were obtained from animal house in Medical Research center
(MRC), Faculty of Medicine, Ain Shams University. The animals were housed in cages and fed ad libitum with a
standard diet and provided with free access to water. They were housed in a controlled environment with room
temperature and a 12 h light/dark cycle.

The animals were allocated into 5 groups, each of 10 animals. The animals belonging to the first group | served as
control and were received tap water. The animals belonging to group Il and group Ill were received 100 and 200
ppm GA3daily in drinking water for eight weeks; according to Celik et al.(2006) and Troudi et al.(2012)
respectively.

Since all rats have the same physiologic characters, daily water consumption of all rats was approximately 30 = 3ml
during the tests. Consequently, the GA3 intake amount of each rat was about 3+ 0.3mg and 6+ 0.6 mg per day for
groups Il and 111, respectively.

Animals belonging to the group IV (recovery of low dose GA3 group) received 100 ppm of GA3 daily in drinking
water for eight weeks,and then were left without any treatment for another 8 weeks. Animals belonging to the group
V (recovery of high dose GA3 group) received 200 ppm of GA3 daily in drinking water for eight weeks, and then
were left without any treatment for another 8 weeks. On completion of the experimental period, animals from each
group were sacrificed under ether anesthesia and liver were removed and fixed in the suitable fixative for
histological and ultrastructural studies.
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Histological studies:-

Liver specimens from all groups were fixed in formalin and embedded in paraffin. Sections of 5um thickness were
stained with hematoxylin and eosin using standard procedures (Bancroft& Gamble,2002). The stained sections were
examined under light microscope.

Ultrastructural studies:-

Liver specimens were further processed for ultrastructural evaluation by transmission electron microscopy (TEM);
the liver samples were cut into small pieces of about 1 mm3 and fixed in 2.5% glutaraldehyde for 24-48hr. The
specimens were then washed in 0.1M phosphate buffer (pH7.4) 3-4 times for 20 min. every time and post-fixed in a
buffered solution of 1% osmium tetroxide at 4°C for 2 hr. After dehydration in graded concentrations of ethyl
alcohol, the tissue specimens were cleared in two changes of propylene oxide, and embedd in Epon resin. Semithin
sections (~1 um thick) were stained with 1% toluidine blue and examined by using a light microscope. Areas of
interest were selected and the blocks were trimmed accordingly. Utrathin sections (60-70 nm) were cut with a
diamond knife using an ultra-microtome (MT6000-X L RMC, Inc.), mounted on copper grids and double stained
with uranyl acetate and lead citrate (Weakley, 1981 ). Grids were viewed and photographed using a transmission
electron microscope (JEOLJEM-1200 EX 11, Japan) operated at 60-70 kV (Regional Center for Mycology and
Biotechnology (RCMB), Al-Azhar University.

Results:-

Light microscopic findings of the liver:-
The liver of the control rat (Group 1) exhibited the normal histological architecture. The liver is composed of hepatic
lobules which are bounded by connective tissue. Each hepatic lobule is formed of hepatic cords radiating from a
central vein and separated by narrow hepatic sinusoids (Fig. 1a). The angle of the hepatic lobules is separated by the
portal area occupied by a branch of the hepatic vein, a branch of the hepatic artery, bile ductule and lymph vessels
(Fig. 1b). The hepatocytes are polyhedral in shape with acidophilic cytoplasm and rounded centrally located nuclei.
Hepatic sinusoids are lined with endothelial and Kupffer cells (Fig. la&b).

Figure 1(a-b):- Photomicrographs of liver section of control rats. (a): Showing hepatic cords radiating from the
central vein (CV) which is lined with endothelial cells (EN), the hepatic cords are separated by the hepatic sinusoids
(HS) lined by Kupffer cells (KC). (b):Showing cords of hepatocytes (H) separated by the hepatic sinusoids (HS).
Note the normal hepatic portal area (PA). (H&Ea-b X400).

H&Estained sections of the liver of rats treated with 100 ppmGA3daily for eight weeks showed loss of the normal
hepatocytes architecture, some nuclei appeared pyknotic or Karyolitic, and the hepatocyte cytoplasm showed
vacuolation and fatty degeneration (microvesicularsteatosis) as revealed in figures 2a&2b. Dilatation of the central
veins with destruction of the endothelial lining and congested, dilated hepatic sinusoids were also seen (Fig. 2a&b).
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Figure2(a-b):- Photomicrographs of liver sections of rats treated with 100ppm GA3 for 8 weeks. (a):Showing
dilated central vein (CV) with destruction of the endothelial lining (arrow head) and hepatocytes with vacuolated
cytoplasm (V) and pyknoticnuclei(PK).(b): Showing loss of the normal architecture of the hepatocytes, some
hepatocytes show microvesicularsteatosis (ST) and others show pyknotic (PK) andkaryolitic (K) nuclei. Note the
dilated and congested hepatic sinusoids (HS). (H&Ea X200; b X400).

On the other hand, liver sections from rats treated with GA3 200 ppm daily for eight weeks revealed obvious lesions
in the liver tissues. Some hepatocytes revealed necrotic changes including pyknotic nuclei, other hepatocytes
revealed karyolitic nuclei (Fig. 3a&b). Microvesicularsteatosis, necroinflammatory foci in-between the hepatocytes
and destruction of the hepatic strands were also observed. (Fig. 3a&c). The hepatic sinusoids appeared congested
and dilated, bile ductuleswere proliferated (Fig. 3a& c).Dilatation, congestion of portal and central veins with
aggregation of inflammatory cells were also detected (Fig. 3a, b&d).

R W TN SRS 3 i i ) @« v o Led 4 LA I v et

Figure 3 (a-d):- Photomicrographs of liver sections of rats treated with 200ppm GAS3 for 8 weeks. (a):Showing
congested portal vein (PV), proliferated bile ductules (BD), congested, dilated hepatic sinusoids (HS)
andmicrovesicularsteatosis (ST) in the hepatocytes. Some hepatocytes with pyknotic nuclei (PK)were also seen. (b):
Showing dilated and congested central vein (CV), lymphocytic inflammatory cells (IC) around the central vein,
dilated, congested hepatic sinusoids (HS), pyknotic nuclei (PK)in some hepatocytes, other hepatocytes show
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karryolytic nuclei(K). (c): Showing destruction of the hepatic strands, necroinflammatory foci in-between the
hepatocytes (IC), dilated, congested hepatic sinusoids (HS), microvesicularsteatosis (ST) in some hepatocytes and
pyknotic hepatocyte nuclei(PK). (d):Showing dilated, congested portal vein (CV), and severe inflammatory cell (IC)
infiltration in the portal area. (H&E a, b &c X400; d X100).

Liver sections fromgroup IVrats revealed preserved radially arranged hepatocytes around the central vein with
marked recovery of degenerative changes in the hepatocytes (Fig. 4). Liver sections from rats from the recovery
group V revealed partial restoration of the normal architecture of the liver tissue. Most of hepatocytes showed
ground glass appearance. However, few vacuoles and lipid droplets were observed in the hepatocyte cytoplasm (Fig.
5).

Figure 4:- Photomicrograph of a liver section of a rat treated with 100ppm GAS3 for 8 weeks then left without
treatment for another 8 weeks (recovery of low dose GA3) showing restoration of the normal appearance and
structure of hepatocytes (H) and central vein (CV). (H&E X 400).

Figure5:- Photomicrograph of a liver section of a rat treated with 200 ppm GAS3 for 8 weeks then left without
treatment for another 8 weeks (recovery of high dose GA3) showing dilated portal vein (PV), few lipid droplets
(LP), mild cytoplasmic vacuolization (V) and ground glass appearance of hepatocytes (H). (H&EX 400).

Ultrastructural findings of the liver:-

Ultrastructural examination of the liver of the control rats revealed that each hepatocyte exhibited a rounded large
central nucleus surrounded by an envelope of 2 membranes interrupted by nuclear pores; the nucleus possessed light
euchromatin and dark heterochromatin. The cytoplasm of the hepatocytes contained humerous mitochondria, rough
endoplasmic reticulum, Golgi apparatus and lysosomes. There are also glycogen inclusions and lipid droplets (Fig.
6a&b).

Figure 6 (a-b):- Transmission electron micrographs of liver of control rats. (a):Showing hepatocytes (H) and hepatic
sinusoids (HS). (b):Showing part of hepatocyte nucleus (N), the hepatocyte cytoplasm contains mitochondria (M),
rough endoplasmic reticulum (RER) and glycogen particles (GL). (TEM a X4000; b X15000).

Examination of the hepatocytes of animals of Group Il showed ultrastructural alterations. The nuclei of some
hepatocytes showed pyknosis, other nuclei appeared with ill-defined nuclear membrane (Fig. 7a&b). The cytoplasm

2681



ISSN: 2320-5407 Int. J. Adv. Res. 4(12), 2677-2687

of the hepatocytes showed polymorphic electron-dense mitochondria, partial fragmentation of the rough
endoplasmic reticulum, proliferation and dilatation of the smooth endoplasmic reticulum and many lipid droplets
(Fig. 7a &b).

Figure7 (a-b):- Transmission electron micrographs of liver of rats treated with 100 ppm GA3 for 8 weeks.
(a):Showing hepatocyte contains pyknotic nucleus (PK)and abnormal cytoplasm with electron dense small-sized
mitochondria (M), many lipid droplets (LP), fragmented rough endoplasmic reticulum (RER) and dilated smooth
endoplasmic reticulum (SER). (b):Showing hepatocytes contain increased lipid droplets (LP)and electron-dense
damaged mitochondria (M). (TEM a X8000; b X4000).

Ultrastructural examination of the liver sections from rats of Group 111 demonstrated obvious lesions. The nuclei of
some hepatocytes showed pyknosis with ill-defined nuclear envelope (Fig. 8b&c). Polymorphic  fused
mitochondrial, proliferation and dilatation of smooth endoplasmic reticulum, fragmentation of rough endoplasmic
reticulum and massive cytoplasmic lipid droplets were also seen (Fig. 8a-d). Dilated hepatic sinusoids with erosion
of the plasma membrane of the endothelial lining cell and partial to total loss of hepatocytes microvilli were detected
(Fig. 8a&b). Dilated bile canaliculi deprived of microvilli were also noted (Fig. 8c).

Figure8 (a-d):- Transmission electron micrographs of liver of rats treated with 200 ppm GA3 for 8 weeks.
(a):Showing hepatocytes and hepatic sinusoid, the hepatocytes cytoplasm contains proliferated smooth
endoplasmic reticulum (SER) abnormal mitochondria (M) and increased lipid droplets (LP). The hepatic sinusoid
(HS) appeared dilated, congested with erosion of the plasma membrane of the endothelial lining cell (arrow). Notice
the destruction of the hepatocytes microvilli (MV) projecting in the space of Disse. (b):Showing hepatocytes and
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hepatic sinusoid (HS), the hepatocyte revealedpyknotic nuclei(PK), coalescence of the mitochondria (M) and short
stacks of rough endoplasmic reticulum (RER). Hepatic sinusoid (HS) appear with destructed hepatocytes microvilli
(arrow). (c):Showing hepatocytes and bile canaliculus (BC), with widened lumen and complete loss of microvilli.
The hepatocytes showed pyknotic nuclei (PK), fragmented rough endoplasmic reticulum cisternae (RER),
proliferated smooth endoplasmic reticulum (SER) and polymorphic mitochondria (M). (d):Showing high
aggregation of lipid droplets (LP) in the hepatocyte cytoplasm giving the cytoplasm a rather vacuolated appearance,
proliferated smooth endoplasmic reticulum (SER), fragmented rough endoplasmic reticulum (RER) and fused
mitochondria(M). (TEM a X 4000; b & ¢ X6000; d X4000).

The electron microscopic study of the recovery group 1V showed marked improvement of the hepatocytes. The
hepatocytes almost restored their normal appearance and structure; their nuclei appeared vesicular with homogenous
chromatin distribution and peripheral nucleolus (Fig. 9). The mitochondria, rough endoplasmic reticulum and
glycogen almost retained their normal appearance (Fig. 9).

However, ultrastructure examination of the liversections of rats from group V revealed partial restoration of the
hepatocyte appearance as their nuclei appeared vesicular and the cytoplasm contained numerous mitochondria; some
mitochondria showed electron-dense matrix. Rough endoplasmic reticulum and glycogen particles almost retained
their normal appearance (Fig. 10). The hepatocyte cytoplasm although displayed few lipid droplets; and some
hepatic sinusoids appeared with swollen endothelial cell were also noted (Fig. 10).
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Figure 9:-A transmission electron micrograph of a liver from a rat treated with 100 ppm GA3 for 8 weeks then left
without treatment for another 8 weeks (recovery of low dose GA3)showing good recovery of the hepatocyte. The
rough endoplasmic reticulum (RER), mitochondria (M) and glycogen particles (GL) almost return the normal
appearance. Large centric euchromatic nucleus (N) with peripheral nucleolus (Nu) is also noticed. The hepatocyte
cytoplasm with few vacuoles (V) is still seen. (TEM X5000).

Figure 10:-A transmission electron micrograph of a liver of a rat treated with 200 ppm GAS3 for 8 weeks then left
without treatment for another 8 weeks (recovery of high dose GA3)showing partial restoration of the hepatocyte
organelles, mitochondria (M), rough endoplasmic reticulum (RER) and glycogen inclusions (GL) appear with nearly
normal appearance. Notice the presence of few lipid droplets (LP). The hepatic sinusoid (HS) with swollen
endothelial cell (EN) was also noted. (TEMX5000).

Discussion:-

It is well known that the liver is the first target organ in toxicological prospects regarding its role in detoxification,
biotransformation and excretion of xenobiotic. After enteric uptake of injurious materials, it is the first organ to be
exposed to such hazards via the portal circulation (Katzung, 1990).

Results obtained in the present study showed that gibberellic acid induced many histopathological changes in the
liver of rats. Similarly, Abdelhamid et al. (1994) reported that feeding chickens with GA3 led to numerous
histological lesions in different organs including liver and that two-week withdrawal period did not ameliorate its
effect.

Light microscopic examination of liver sections of GA3 treated rats for 8 weeks showed cytoplasmic vacuolization
of the hepatocytes, fatty degeneration (microvesicularsteatosis) with inflammatory cells in between the hepatocytes
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and pyknotic hepatocyte nuclei. The hepatic sinusoids appeared congested, dilated. Also, dilated central and portal
veins with many inflammatory cells were also noticed. These findings come in accordance with the findings of Sakr
et al. (2003) who reported that GA3 induced histopathological changes in the liver such as cytoplasmic
vacuolization of the hepatocytes with pyknotic nuclei, congested blood vessels and inflammatory leucocytic
infiltrations. The intrahepatic, central and portal veins and the hepatic sinusoids were noticed in the present work to
undergo marked injury indicated by dilatation of their lumina and aggregation of blood cells in some of them. The
above mentioned observation come in agreement with that obtained by Troudi et al. (2010) who stated that in rats
exposed to GA3, the intrahepatic blood vessels, central and portal veins were congested and their lining epithelia
were eroded. Authors also noticed massive inflammatory cellular infiltrations in several areas of the lobules and
stated that such injuries were more obvious in the peripheral lobular zones than the pericentrally located ones. The
results of the present work paralleled to Hussien et al. (2011) who revealed, mild piecemeal necrosis of hepatocytes,
pyknotic nuclei and inflammatory cellular infiltrates in rats received 75 ppm of GA3 daily in drinking water for six
weeks.. The histological alterations observed in the present work come in accordance with those obtained by Hassan
et al. (2013)who reported that the liver of animals treated with GA3 showed dilated central vein with degeneration
of endothelial cells, vacuolation of the hepatocyte cytoplasm, congested sinusoids and severe lymphocytic
infiltration in the portal region. Among the pathological symptoms observed in the present work was the remarkable
abundance of leucocytic infiltrations in the liver of GA3-treated animals. Mohamed (2015) also revealed vacuolated
hepatocytes with pyknotic nuclei and inflammatory cellular infiltrations. The central and portal veins appeared
congested and dilated with dilated blood sinusoids in liver of animals treated with GA3.

These leucocytic infiltrations were considered as a prominent response of the body tissue facing any injurious
impacts (Abdel-Rahaman and Zaki, 1992).In the current study, hepatocytes showed severe cytoplasmic
vacuolization. The cytoplasmic vacuolation had been subjected to wide speculations by many investigators. Zhang
and Wang (1984) correlated the vacuolar degenerative changes with the marked disturbances which take place in
lipid inclusions as a result of injurious treatments. Sherlock and Dooley (2002) demonstrated that cytoplasmic
swelling and vacuolization are one of the most important primary responses to all forms of cell injury. They
occurred due to increased permeability of cell membranes leading to an increase of intracellular water. As water
sufficiently accumulates within the cell, it produces cytoplasmic vacuolization.

One of the characteristic features observed in the present work was the remarkable abundance of lipid droplets in the
hepatocyte cytoplasm. The increase in fat was explained by Mori (1983) who stated that increased lipid in the
hepatocytes after exposure to drugs or toxins could be due to impaired synthesis of lipoproteins or due to the
abnormal transport of lipoproteins via Golgi apparatus and its secretory vacuoles. Lipid accumulation in the
hepatocytes is well known as a pathological change that occurs in the cells under a variety of deleterious conditions
and could be due to an alteration in the metabolism of the hepatic cells (Wheater et al., 1990). Dilatation of hepatic
sinusoids, presently, observed was also explained by Klatskin and Conn (1993) who suggested that dilatation of the
blood sinusoids would be due to the direct toxic effect of the toxin on the blood sinusoids leading to their dilatation.

In the present work, ultrastructural findings in liver of GA3-treated rats revealed polymorphic, atrophied, electron-
dense mitochondria with, proliferation of smooth endoplasmic reticulum, vesiculation and fragmentation of the
rough endoplasmic reticulum, increased lipid droplets, cytoplasmic vacuoles and loss or destruction of hepatocyte
microvilli. The above mentioned observations are in agreement with the results obtained by Abd ElI Maksoud et al.
(1996) who recorded that oral administration of GA3 revealed significant ultrastructural changes in the liver cells in
the form of appearance of large areas of rarified cytoplasm with disappearance of cellular organelles. In this
concern, Kendry and Laszlo (1975)concluded that the alteration of the rough endoplasmic reticulum constitutes the
main adverse effect of drug and toxins affecting the liver due to its important role in protein synthesis. Mohamed
(2015) also revealed that in the liver of male albino rats treated with GA3 ultrastructural changes manifested as
rarified cytoplasm, degenerated vacuolated mitochondria, dilated rough endoplasmic reticulum, and activated
Kupffer cells.

The interpretation of the cytoplasmic swelling and vacuolations had been subjected to wide speculations by many
investigators. Sherlock and Dooly (2002) demonstrated that cytoplasmic swelling and vacuolization are one of the
most important primary responses to all forms of cell injury. They occurred due to increased permeability of cell
membranes leading to an increase of intracellular water. As water sufficiently accumulates within the cell, it
produces cytoplasmic vacuolization.
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Many earlier studies disclosed that mitochondrial dysfunction contributed to apoptosis via the production of reactive
oxygen species (Mignotte and Vayssiere, 1998). For interpretation of the mechanism of mitochondrial swelling
reported in this study, Jaeschke et al. (2002) mentioned that oxidative stress had contributed to the opening of the
mitochondrial permeability transition pore (PTP) which led to the formation of a high-conductance channel; in the
inner mitochondrial membrane, and led to mitochondrial swelling and subsequent release of cytochrome c from the
intermembrane space. PTP opening appears to be associated with apoptosis or necrosis according to the presence or
deficiency of ATP (Lemasters, 2002).

Also, Attia et al. (2014) revealed that the appearance of many cytoplasmic changes might reflect the association
between GA3 and oxidative stress. As regarding the follow up period in this study, H&E stained liver sections of the
recovery groups showed marked and partial recovery in groups IV and V, respectively.

The ground glass appearance of hepatocytes detected in the recovery period of this study coincides with Droge
(2002) who mentioned that the glass appearance reflect adaptation of cells upon recovery. Also, these results agree
with Kimball (2008) who stated that the ground glass appearance of liver cells was considered as adaptive
mechanism and occurred as a result of increased synthesis of cellular organelles such as mitochondria and RER
probably to increase function of individual hepatocytes.

Abundant SER in the recovery period could be also explained by Benedetti (2005) who stated that it takes part in the
synthesis of phospholipids for building of cell membrane and membranes of cell organelles.

On the other hand the increased RER was explained by Kimball (2008) who mentioned that RER had a very
important role in the synthesis and packaging of proteins. Some of these proteins might be used by the cell to
synthesize membrane, and other cell organelles. This was considered as a structural-functional response to enable
cells to release the oxidative stress secondary to GA3 toxicity.Abdelhamid et al. (1994) reported that feeding 2-
weeks old broiler chicks on gibberellic acid (GA3)- containing diets (0, 1, 5, 25 and 125 ppm) for 3-weeks led to
numerous histological lesions in different organs. Two-week withdrawal period did not ameliorate the negative
effects of GA3.  Also, Abou-zeid and Abd-Ellah (2015) suggested that the toxic effects of GA3 were dose-
dependent. While, after GA3 stoppage, 8 weeks period of follow up showed incomplete recovery of these toxic
effects. So, gibberellic acid should be used cautionary.

Mohamed (2015) revealed that GA3 has histological and immunohistochemical effects on albino rat liver cells and
that green tea has a minimal protective effect.

Conclusion:-

From the aforementioned results and the previously mentioned results it can conclude that GA3 was a potent pro-
oxidant that induced a significant hepatotoxicity in adult male albino rats following 8 weeks of daily exposure. On
the other hand, 8weeks period of follow up was insufficient for complete recovery of these toxic effects.

Recommendations:-

1. Gibberellic acid (GA3) usage should be under strict control.

2. More studies are needed to explore other hazardous effects of GA3 on other body systems and organs.

3. Other studies with prolonged periods of GA3 administration are recommended to learn more about its toxic
effects.
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