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Cellular infiltration Valproic acid is a broad spectrum anti- convulsant drug, established as a long — term treatment for
Cell necrosis epilepsy and has toxic effect on kidney tissues. This study aimed to investigate the histological
Hydropic degeneration changes that may occur in the kidney in association with prolonged administration and overdose
Oedema treatment of valproic acid. 35 albino mice were used, they were divided into four groups, group(l)
Valproic acid included 5 animals and served as control group, group(ll) included 10 animals and given progressive

doses of valproic acid for ten weeks, starting with (15mg/kg/day) as minimum recommended dose
and ending with (60mg/kg/day) as maximum recommended dose, group(I11) included 10 animals
and received an overdose (120mg/kg/day) for one week, group(lV) included 10 animals and treated
exactly as group(ll) then the animals were left for recovery for three weeks. The animals were
sacrificed at the end of each period and the kidney tissue was excised. The drug induced many
histological changes in kidney tissues, including inflammatory cellular infiltration, cell necrosis,
cloudy swelling, hydropic degeneration, hemorrhage areas, oedema, and collagen deposition. The
study concluded that valproic acid has multiple toxic effects on kidney tissues as far as the
histological studies concerned and the effects were dependent on the dose and on the duration of
treatment. Incomplete recovery was recorded after discontinuation of the drug.
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1. Introduction:

Valproic acid is a broad-spectrum anti- convulsant drug [1],
established as a long — term treatment for epilepsy [2], marketed in
Europe in 1968 and in the United States 10 years later [3]. Widely
used in treatment of various seizure disorders and some psychiatric
condition [4,5]. Some of anti-convulsant drugs that are widely used
such as valproic acid can cause adverse renal effects and their use are
usually associated with dilatations in distal and proximal tubules
[6,7].

Valproic acid affects the kidney functions after prolonged treatment,
a significant increase was observed in the catalytic activities of
gamma — glutamyltransferase and alkaline phosphatase in urine [8].
Scientists have shown that the dilatations in the distal tubules in
cortex and some infiltrations around the glomeruli [7]. Other
Scientists have found that sodium valproate leads to adverse renal
effects such as Fanconi syndrome and interstitial nephritis in a
Japanese girl with epilepsy [9]. A case of acute interstitial nephritis
caused by sodium valproate, have also been demonstrated by name
the author [10]. The study demonstrated that renal biopsy revealed
interstitial nephritis in the renal tubular basement membrane [11].
Long-term use of valproic acid leads to multiple organ damage,
including tubulointerstitial nephritis [12]. Other researchers found
that the use of valproic acid only cause degenerative changes
especially in renal glomerular basal membrane and foot process,
but when they used both valproic

acid and folic acid or valproic acid and vitamin E showed relatively
normal ultra-structure [13]. Others demonstrated that alternations in
human renal functions such as increased in urine volume and PH
were associated with valproic acid treatment[8,14].

2. Materials and methods:

2.1. Experimental animals:
35 adult female albino mice weighing 22-26g were used in this
experiment and were housed at room temperature.

2.2. Experimental design:

Mice were divided into the following groups:

Group (1) ( Control): this group included 5 animals, which received
normal saline orally.

Group (I1): included 10 animals and received therapeutic dose of
valproic acid. The dose was adjusted for mice according to the
formula of [15,16] and was found to be 15 mg/kg/day. The drug was
administered orally, using the original gastric tube with a syringe
needle head [17]. Animals in this group were given a daily
therapeutic dose of valproic acid, starting with 15 mg/kg/day and
increased gradually to end with 60 mg/kg /day as following: (15
mg/kg/day for one week — 30 mg/kg/day for one week — 45
mg/kg/day for two weeks — 60 mg/kg/day for six weeks ).

Group ( H1): This group included 10 animals , and received daily
overdose of valproic acid (twice the maximum recommended dose)
(120 mg/kg/day ) for one week .

Group (1V): The animals of this group were treated exactly as group
(1), then the drug intake was stopped and the animals were left for
recovery for three weeks .

2.3. Histological examination:

Animals of all the above groups were sacrificed following mild
diethyl ether anesthesia and the kidney tissue was excised (from each
animal rapidly) and immediately fixed in 10% neutral phosphate-
buffer formalin and processed for paraffin method [18]. And then
stained by different stains as following:

I-Hematoxylin and Eosin stains [19,18]: to demonstrate the general
histological structure of kidney.
I1-Masson's Technique[19]:to demonstrate collagen fibers.

After staining the specimens were examined under a CARL
ZEISS research microscope and photographed with a digital camera
attached.

3. Results:
Group | ( Control):

Hematoxyline & Eosin stained sections of kidney cortex taken
from control group, showed the normal morphological appearance of
the kidney cortex with normal renal corpuscle and renal tubules
(fig.1), as well as corticomedullary junction (fig .2). Regarding the
Masson's trichrome stained sections, normal distribution of fine
collagen fibers surrounding renal tubules and renal corpuscle were
observed (fig.3).

Group 11 (10 weeks of treatment):

Stained sections of Hematoxylin & Eosin showed heavy focal
areas and diffused inflammatory cellular infiltrate in the cortex
(fig.4), some associated with blood vessels and some between renal
tubules (fig.5), as well as in between corticomedullary junction
(fig.6). The glomeruli also showed heavy cellular infiltration (fig.7).
Extensive cloudy swelling with hemorrhage areas were also observed
in renal tubules of corticomedullary junction (fig.8). Necrosis of renal
tubules was also observed. The cortex region also showed many
hemorrhage areas (fig.9). The stained sections with Masson's
trichrome revealed many areas of heavy deposition of collagen fibers
with heavy cellular infiltrates between kidney tubules (fig.10).
Group |11 (Overdose treatment):

Sections stained with Hematoxylin & Eosin showed extensive
focal areas of heavy cellular infiltrates, most of them were associated
with blood vessels in the cortex (fig.11). The glomeruli also showed
extensive cellular infiltrates (fig.12), as well as in the
corticomedullary junction (fig.13). In addition some areas of the
cortex showed moderate oedema associated with cellular infiltrates
(fig .14). Severe hemorrhage areas extended between renal tubules of
the cortex (fig.15), as well as within the Bowman's space of renal
corpuscle were also seen  (fig.16). The renal tubules of
corticomedullary junction showed many prominent changes i.e. some
tubules showed extensive hydropic degeneration and cloudy swelling
(fig.17), other tubules showed complete degeneration with diffused
inflammatory cells (fig.18). Regarding Masson's trichrome stain,
many focal areas showed heavy deposition of collagen fibers between
renal tubules in kidney cortex (fig.19), as well as surrounding many
renal corpuscle (fig.20).

Group IV( Recovery):

Stained sections with hematoxylin and Eosin showed persistent of
heavy inflammatory cells associated with some glomeruli (fig .21),
As well as persistent of hydropic degeneration in some renal tubules
in corticomedullary junction. Some areas of the cortex still showed
mild deposition of collagen fibers between renal tubules as showed
by Masson's trichrome stain (fig.22).
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(Fig.1): Micrograph of normal kidney (control group) showing
normal renal corpuscles (red) & renal tubules (green) (H&E X 400).
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(Fig.2):  Section of corticomedullary junction (control group)
showing normal renal tubules (yellow) (H & E X400).
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(Fig.3): Micrograph of kidney cortex (control group)showing normal
distribution of collagen fibres surrounding renal corpuscle (red) &
renal tubules ( yellow) (Massons' trichrome X 400).
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(Fig.4): Micrograph of a section in renal cortex(CO)(after ten weeks
) showing heavy focal areas of cellular infiltrates ( black) & diffused
inflammatory cells ( red) ( H&E X 100).
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(Fig.5): Micrograph of the renal cortex (after ten weeks) showing
extensive cellular infiltrates associated with blood vessels (BV) (
red) & renal tubules (yellow) (H&E X 400).
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(Fig.6): Section after (ten weeks) in cortico- medullary junction
(CMJ) showing heavy cellular Infiltrates between renal tubules
(yellow) with hemorrahage areas

(black) (H&E X 400).
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(Fig. 7): Micrograph of renal cortex (after ten weeks ) showing many
glomeruli with heavy cellular infiltrates (black) & necrotic renal
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(Fig. 8): section of cortico-medullary junction ( ten weeks ) showing
extensive cloudy swelling (yellow) with extensive hemorrhage areas

(Fig. 9): Micrograph of section ( ten weeks) showing extensive
hemorrhage areas in cortex (CO)( black) & in (CMJ) yellow) (H&E
X 100).(

(Fig. 10): Micrograph of kidney cortex (ten weeks) showing heavy
deposition of collagen fibers between renal tubules (red) (Massons'
trichrome X 400).
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(Fig. 11): Micrograph of renal cortex (CO) (overdose group)
showing extensive focal areas of heavy cellular infiltrates with blood
vessels (black) H&E X 400).

. 5

(Fig. 15): Micrograph after (overdose treatment) showing severe
hemorrhage areas (black) extended between renal tubules of cortex
(green), blood vessel (BV) & cellular infiltration (yellow) (H&E X

400).
55
(Fig. 12): Micrograph of renal cortex (CO) overdose group) showing . @ ??‘ NIXNT o
extensive cellular infiltrates within the glomeruli ( green) & around g B e SRate .
it (yellow) with hemorrahge areas (black) ( H&E X 400). (Fig. 16): Micrograph of a section in renal cortex (overdose group)

showing severe hemorrhage within the Bowmans' space of two renal
corpuscles & glomeruli (GL) (black) (H&E X 400).

D

(Fig. 13): This section after (overdose treatment) in corticomedullary
junction showing heavy cellular infiltrates between renal tubules

(yellow) & extensive hydropic degeneration (black)( H&E X 400). ) ) S . ) - )
(Fig. 17): Higher magnification of (CMJ) (overdose group) showing

extensive hydropic degeneration & cloudy swelling (black)( H&E X
1000).
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(Fig. 14): Micrograph of a section after (overdose treatment) in renal
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cortex showing interstitial oedema (black) & diffused inflammatory ,
cells (red )
(H &I(E X2100). (Fig. 18): Micrograph of a section in(CMJ) (overdose group)

showing complete degeneration of renal tubules (yellow) & with
inflammatory cells(black) (H&E X 400).
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(Fig. 19): Micrograph of a section in renal cortex (overdose group)
showing many focal areas of heavy deposition of collagen fibers (red)
between renal tubules (yellow) (Massons' trichrome X 400).

showing heavy deposition of collagen fibers between renal tubules
(red) & surrounding renal corpuscles (yellow) (Massons' trichrome

X 400).
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(Fig. 21): Micrograph of a section in renal cortex (recovery group)
showing persistent of heavy inflammatory cells surrounding the renal
corpuscle & renal tubules (yellow) ( H&E X 400).

(Fig. 22): This section of a renal cortex (recovery group) showing
mild deposition of collagen fibers (red) between renal tubules
(yellow) (Massons' trichrome X 400).

4. Discussion:
In the present study the animals that received normal saline were

used as a control of the experiment, and showed a typical
morphological and histological picture of normal kidney [20,21]. The
term interstitial nephritis, tubulointerstitial disease are frequently
used to describe those situations in which the predominant
morphological changes that occur in the renal interstitium (i.e.
inflammatory cells, oedema, or fibrotic changes) and renal tubules
(a variable degree of tubular damage, such as necrosis) [22]. All
animals that were treated with an overdose of valproic acid for one
week only died. This result is in accordance with that of many
investigators which demonstrated that cerebral oedema, respiratory
depression, multiorgan failure, abnormal heart rhythms, hemorrhagic
pancreatitis and coma are associated with overdose treatment, and
may even lead to death [23,24,25,26,27 and 1].

The interstitial cellular infiltrates were of variable density,
whereas the inflammatory cells were predominantly lymphocyte, but,
neutrophilis and macrophages were also present. The later cells are
commonly found in association with the process of chronic
inflammation [28,29]. However the presence of interstitial cellular
infiltrates may be related to the direct effect of one or more of
valproic acid metabolites on the lining epithelium of the renal tubules
with secondary activation of lymphocytes.

This study has shown , that as a result of the longer duration of
treatment there was a steady increase of tubulointerstitial injury, such
changes were found in association with some drug and heavy metals
which induce direct tubulointerstitial nephritis [30].

The hemorrhage areas ranging from few to moderate, extensive
and severe in animals that were treated for ten weeks and the
overdosed animals. Hemorrhage may result from trauma, chronic
disease process affecting the wall vessels such as atherosclerosis and
acute process affecting the vessels wall such as bacterial toxin, drug
toxin, and many other factors. Hemorrhage associated with nephritis
have been reported by [30], they demonstrated that congestion of
blood capillary with interstitial hemorrhage may be due to the rupture
of the endothelial wall of greatly dilated capillaries.

The renal tubules in the cortex and corticomedullary junction

which showed tubular dilatation and vacuolization (i.e. cloudy
swelling and hydropic degeneration) was found to be associated with
early injury [28] and it is reversible and probably has no influence
on renal function. Researchers have demonstrated that the cytoplasm
of some or many of the proximal tubules epithelial cells may be filled
with fine vacuoles in acute tubular necrosis or in patients treated with
hypertonic solution such as dextran or mannitol [30] , they
demonstrated that the vacuolization of the cells is due to dilatation
and swelling of the endoplasmic reticulum and mitochondria which
was described as a cloudy swelling [30]. With further swelling of
organelles the cells become waterlogged the true vacuoles appear in
the cytoplasm , the cells are said to exhibit hydropic degeneration
[30].
The interstitial tissue of animals after ten weeks of treatment and
overdose group showed mild to moderates oedema with mild
inflammatory cells. Oedema means an abnormal accumulation of
fluid in the interstitim with cellular infiltration, resulting in separation
of renal tubules from each other. This happens when small blood
vessels in renal tissue leak fluid, or when the blood loses a protein
called albumin. The protein albumin keeps fluid in the blood vessels
[28,31]. In this study the flattened lining tubular cells with small
dense nuclei, may indicate cellular necrosis and ultimately tubular
necrosis. our result are in accordance with that of [31,32] which have
demonstrated that tubular necrosis is usually associated with cellular
Necrosis.

The heavy collagen deposition was observed after ten weeks of
treatment and in the overdose group, was in accordance with that
found by [33] who showed that the most common disturbance in
extracellular matrix resulting from new metabolic disturbance and
the use of pharmaceuticals, this represent the major lesion of renal
disease (fibrosis) and is characterized by deposition of matrix
components particularly the interstitial collagen. The marked
increase of collagen fibers may be attributed to the stimulation of
fibroblastic potential of interstitial fibroblast — like cells (type 1
interstitial cells), resulting in increased synthesis of collagen fibers.
It has been shown that type 1 cells quite likely are responsible for the
secretion of small bundles of collagen and reticular fibers that
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normally present in the interstitium [34,35]. These changes have also
shown to be associated with diabetes mellitus [32].

5.Conclusion:

As aresult of our study it can be concluded that valproic acid
has multiple toxic effects on kidney tissues as far as the
histological studies concerned and the effects were dependent
on the dose and on the duration of treatment. The interstitial
tissue, the renal tubules in cortex, the corticomedullary junction
and the glomeruli, exhibit the most important changes in all
groups. Regarding the recovery group, the discontinuation of
drug for three weeks result in an incomplete recovery. The
animals models have provided a basis for further studies in
human.
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