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S-Allyl Cysteine Mitigates Kidney Dysfunctions in the Rat Models of
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R0 S T G RO N [ISNEH| Preeclampsia (PE) is a pregnancy complication with
the signs of kidney damage. The effect of S-Allyl-cysteine (SAC) on inflammatory
cytokines was evaluated to prevent PE-induced renal complications.

Wistar rats were divided into seven groups: 1) control, 2)
PE, 3) EC, 4) PE+SAC50, 5) PE+SAC200, 6) EC+SAC50, and 7) EC+SAC200. In
Groups 1-3, the rats received saline by gavage for 9 consecutive days, starting on the
day 11 of gestation (G11). In Groups 4-7, the rats received SAC (50 or 200mg/kg) by
gavage for 9 days, starting on G11. The rats in PE and EC groups were injected with
Lipopolysaccharides on G14. The rats in EC groups were injected with
pentylenetetrazol (PTZ) on G16 and G18. On G20, urine, blood, and kidney samples
were collected for biochemical analysis.

In PE and EC groups, creatinine clearance, urine protein/creatinine ratio and
proteinuria significantly increased compared to the control rats. Administration of
SAC significantly reduced protein excretion and the protein/creatinine ratio in the
urine specimen of all treated groups.

The results showed significant increase in the renal concentration of IL-1p and TNF-
a in the PE and EC rats. Administration of 200 mg/kg SAC significantly decreased
IL-1B and TNF-a in all treated groups. SAC (200mg/kg) significantly decreased
malondialdehyde and ameliorated histological changes in PE and EC groups; it also
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mitigated kidney dysfunctions in experimental PE and EC.
The ameliorative effect of SAC may be mediated by its antioxidant

and modulatory effects on cytokines, such as IL-1$ and TNF-o.
S-allyl cysteine, TNF-q, IL-1p, Kidney, Ppreeclampsia

Copyright © 2021, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License which permits
copy and redistribution of the material just in noncommercial usages with proper citation.

Introduction

Preeclampsia (PE) is an important cause of maternal
morbidity and mortality worldwide; it occurs in 2-8% of
all pregnancies and complicates them (1). However, the
causes of PE are not well documented, but placental
abnormalities and maternal inflammatory responses to
pregnancy are known to contribute to the pathogenesis of
PE (2). PE is a pregnancy complication characterized by
new-onset hypertension, proteinuria, edema and signs of
damage to other organs system such as liver and kidneys.

In women with a history of normal blood pressure, PE
usually develops after 20 weeks of gestation (1); when
seizures develops, it is known as eclampsia (EC). PE is
regarded as a two-stage process; the first stage is asym-
ptomatic, marked by abnormal placentation and the
release of placental factors into the maternal circulation.
The second is a symptomatic stage, that leads to
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endothelial dysfunction and clinical syndromes, such as
renal impairment and proteinuria (3). The kidneys are the
main organs affected by PE. Therefore, assessment the
amount of proteinuria and its causes is of critical signi-
ficance (2).

Circulating cytokines are found to be elevated in
maternal plasma during pregnancy (4). Local production
of pro-inflammatory cytokines and the presence of such
cytokines in the systemic circulation lead to a subclinical
general inflammatory response in normal pregnancy. In
PE, inflammatory responses are exaggerated (5). Althou-
gh the pathophysiological mechanisms responsible for the
PE have not been clearly understood; maternal serum
TNF-a and interleukins such as IL-6, play a major role in
PE (6). The mentioned inflammatory cytokines are
thought to link placental ischemia with the occurrence of
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renal dysfunction symptoms in PE (7). The circulating
levels of TNF-a in PE are higher than those of gestational
hypertension, suggesting an association between TNF-a
levels and PE severity (8). Such elevations in pro-infla-
mmatory cytokines could lead to endothelial dysfunction,
which in turn leads to hypertension, increased total
peripheral resistance and renal function alterations (9).

The occurrence of endothelial dysfunction in PE and
other hypertensive disorders is associated with an
increased endothelin-1, reactive oxygen species, and lipid
peroxidation and decreased bioavailable nitric oxide (9).
Antioxidants may play protective role in lipid pero-
xidation and PE prevention ; however, the prevention effi-
cacy of antioxidants has not been confirmed yet (10).

S-Allyl cysteine (SAC) is a non-toxic and water-soluble
compound of garlic (11). SAC has antioxidant property
both in vivo and in vitro. Previous studies have shown the
in vivo beneficial effects of SAC in numerous exper-
imental studies; they have also mentioned to neuropro-
tective (12), renoprotective (13), hepatoprotective (14),
and cardioprotective effects (15).

According to the above information, SAC may ame-
liorate PE-induced renal damages. The results of previous
studies have demonstrated that aqueous extract of garlic
with antioxidant properties, can ameliorate ischemia-
reperfusion (IR)-induced renal injury and oxidative stress
(16). Thus, the current investigation aimed to examine the
potential protective effect of SAC to prevent PE-induced
renal complications.

Materials and Methods

Study design

Thirty-five female Wistar rats (10-week-old and
weighing 200-240 g), with no pregnancy history were
obtained from the animal facility of Urmia University of
Medical Sciences, Urmia, Iran. The rats were kept in
standard conditions as follows: 12h normal light/dark
cycle, 20-22°C, and food and water ad libitum. All the rats
were handled according to the Principles of Laboratory
Animal Care (NIH publication No. 85-23, revised in
1985); the study was approved by the Ethics Committee
of Urmia University of Medical Sciences (ethical code:
IR.UMSU.REC.1395.209).

A week later, each female rat was mated with a sexual
experienced male rat in a separate cage. The date of
vaginal plaque formation was considered as the first day
of pregnancy. Pregnant rats were divided into seven
groups: 1) control group which received 1 ml of normal
saline by gavage for 9 consecutive days, starting on day
11 of gestation (G11) and an intraperitoneal (IP) injection
of saline (0.2 ml) on G14. The second group (PE) was
treated like the control group, except that they received an
injection of LPS 1 mg/kg, IP (instead of saline) on G14.
The third group (EC) was treated like the PE group in
addition to pentylenetetrazol (PTZ) 40 mg/kg injection, IP
on G16 and G18. The fourth (PE-SAC 50) and the fifth
(PE-SAC 200) groups were treated as the PE group in
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addition to being gavaged with SAC (50 or 200
mg/kg/day, respectively) for 9 days from G11 to G19,
instead of saline. The last two groups (EC-SAC 50, and
EC-SAC 200) were treated as the EC group, as well as
being gavaged with SAC (50 or 200 mg/kg/day,
respectively) for 9 days from G11 to G19.

As described above, the PE and EC experimental
models were developed according to Huang Q methods
(17). On G20, all the rats were anesthetized with ketamine
(60 mg/kg) and xylazine (20 mg/kg). Urine samples were
collected from the bladder by a syringe; blood was taken
by puncturing the heart. The kidneys were dissected
immediately. The right kidney was considered for histolo-
gical experiments and kept in formalin. The left kidney
was frozen and kept at -80°C for MDA, IL-1B, and TNF-
o analysis.

Serum and urine analysis

Serum and urine were collected and kept frozen until
biochemical analysis assay. Serum and urine BUN and
creatinine were measured by an auto analyzer. Glom-
erular filtration rate (GFR) was calculated using the
creatinine clearance equation. Urine protein and urine
protein excretion (UPE) were measured by a commercial
kit (Pars Azmoon, Iran). Furthermore, UPE was dete-
rmined by a quantitative reaction with bromocresol green
(BCG) (18), by means of the serum albumin of bovine as
the standard. In order to measure the UPE, 10 pL of the
urine sample and standard were blended with 1 ml of
BCQG, then the absorbance was read at 625 nm.

As it was mentioned before, the left kidneys were kept
at -80°C and then homogenized. The TNF-a amount of the
homogenized kidney tissue was measured by an ELISA
kit following the manufacturer’s instructions (Glory
Science Co., Ltd, China). About 100 mg of renal tissue
was homogenized in 1 mL of PBS and 0.05% Tween 20.
Then, the samples were centrifuged and the supernatant
was immediately used for the ELISA assay. The lowest
assay sensitivity of the kit was 2.13 ng/L. Kidney tissue
IL-1P was measured by the ELISA kit (Glory Science
Co., Ltd, China), following the manufacturer’s instruct-
tions using standard diluent buffers designed for use with
mouse serum or plasma.

To measure lipid peroxidation, the MDA amount of the
homogenized kidney tissue was measured. Malondiald-
ehyde-thiobarbituric (MDA-TBA) acid reactive subst-
ance levels were determined following the manufacturer’s
protocol (Zist Koshan TBARS Assay Kkit, Iran).

Histopathological analysis

The paraffin-embedded right kidney tissue samples
were cut into 5-um-thick sections, and then used for
Periodic Acid-Schiff's base (PAS) staining. PAS staining
identifies matrix and basement membrane constituents.

Data analysis

Distribution of data was checked by the Kolmogorov-
Smirnov test. The normally distributed data were analyz-
ed by means of parametric methods. One-way analysis of
variance (ANOVA) with post-hoc Tukey test was perfor-
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med for multiple comparisons. The results were expressed
as mean = SEM, and p< 0.05 was considered as
statistically significant.

Results

Effect of SAC on kidney function test in PE and
EC

Kidney function was evaluated by measuring the kid-
ney creatinine clearance, proteinuria, and the urine
protein/creatinine ratio. As shown in Table 1, in PE and
EC groups, creatinine clearance (p<0.01 and p<0.001,
respectively), urine protein, and urine protein/creatinine
ratio (p<0.001) significantly increased compared to the
healthy control rats. There was no significant difference
in terms of creatinine clearance in PE+SACS50 and
PE+SAC200 compared to PE rats.

Table 1. Urine protein, protein creatinine ratio, creatinine clearance and kidney tissue MDA content in control as well as PE

and EC rats (with or without SAC treatment)

Cr clearance

Urine protein

Protein/ Creatinine MDA (nmoVl/ml)

ml/min/g mg/mg

Control 0.85+0.04 18.8+6 0.38+0.08 413+4.4
PE 1.20£0.1* 532.3491.3"" 13.9+1.4™ 51.4+7.6

EC 1.26+0.16™" 834.5+149.7" 23.7£2.6™ 57.2+10.9™
PE+SAC50 1.04+0.06 169.6£20# Tff 4.4+0.6"%11 42.1+4.4
PE+SAC200 0.99+0.14 128.4+25.3%# 11t 3.1+0.5%% 39.242.5
EC+SAC50 0.98+0.12F 198.2:£41 9T T1### 4.5+0.6777## 45.5+3.8F
EC+SAC200 0.94+0.177# 165.6::19.3711### 3.540.06111## 43.143.11

The values are presented as mean + SE; PE (preeclampsia), EC (eclampsia), SAC (S-allyl cysteine), MAD (malondialdehyde);
*, 1, and # show the significance compared to the control, PE, and EC groups, respectively; (*,} , and # indicate p<0.05; **, 11,

and ## show p<0.01; ***, +1+, and ### designate p<0.001)

SAC200 mg/kg significantly (p<0.01) reversed the EC-
induced alterations in creatinine clearance and urine
protein/creatinine ratio changes. Proteinuria significantly
increased in PE and EC rats compared to the control rats
(p<0.001). Nevertheless, the administration of 50 and 200
mg/kg SAC significantly reduced 6-h UPE compared to
PE and EC groups (p<0.001).

Effect of SAC on kidney tissue MDA in PE and
EC rats

As shown in Table 1, kidney MDA content as a marker
of lipid peroxidation was significantly higher in EC rats
compared to the control group (p<0.01). There was no
significant difference in MDA content between PE and
healthy control rats (p=0.15). Administration of SAC (50
and 200 mg/kg) resulted in a significant reduction in lipid
peroxidation of EC rats (p < 0.05).

Effect of SAC on the kidney level of TNF-a in PE
and EC

The kidney tissue content of TNF-a significantly
increased in PE and EC rats compared to the healthy
control group (p<0.001). SAC 200 mg/kg significantly
prevented TNF-a elevation in PE and EC rats (p<0.01).
Also, SAC 50 mg/kg significantly decreased kidney TNF-
a only in EC rats (p<0.05), but the effect was non-
significant in the PE group (as shown in Fig. 1).
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Figure 1. Tumor necrosis factor-alpha (TNF-a)
concentration in kidney tissue homogenate; the values are
expressed as Mean + SE; PE (preeclampsia), EC (eclampsia),
SAC (S-allyl cysteine); *, T, and # show the significance level
compared to the control, PE and EC groups, respectively; (*,
T, and # indicate p<0.05; **, +1 and ## show p<0.01; ***, +++
and ### designate p<(0.001).

Effect of SAC on the kidney level of IL1-p in PE
and EC
As displayed in Fig. 2, kidney tissue IL1-f significantly
increased in PE and EC rats compared to the healthy
control (p<0.01). SAC administration at both doses of 50
and 200 mg/kg significantly attenuated the changes in
kidney IL1-B in EC rats (p<0.01). In PE rats, only the 200
mg/kg dose of SAC significantly declined kidney IL1-
(p<0.01).
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IL-1B {pg/ml}

Experimental Groups

Figure 2. Concentration of interleukin 1 beta (IL 1p) in
kidney tissue homogenate; the values are expressed as Mean
+ SE; PE (preeclampsia), EC (eclampsia), SAC(S-allyl
cysteine); * , T, and # show the significance compared to the
control, PE, and EC groups, respectively; (*,7 and # indicate
p<0.05; **, ¥+ and ## show p<0.01; ***, +++ and #H#
designate p<0.001).

Effect of SAC on kidney morphological changes
in PE and EC

PE and EC led to alterations in area of glomerular
surface, mesangial expansion and moderate condensing of
the glomerular basement membrane (Fig. 3). The
accumulation of glomerular matrix augmented in PE and
EC rats compared to the control. Treatment with 50 and
200 mg/kg of SAC significantly reduced mesangial
expansion. There was no significant difference between
the effect of 50 and 200 mg/kg of SAC in this regard. As
shown in Fig. 3, PE- and EC-induced pathological
changes in kidneys were significantly alleviated in the
SAC-treated rats

T e ) ecmpdn
ﬂ“/ ‘?‘ \1 4{ _kf? T ‘i 1‘/ i

Figure 3. Photomicrographs of PAS staining of renal
tissues; SAC (S-allyl cysteine); arrows show the mesangial
matrix accumulation in nuclei-free areas of the mesangium
in glomeruli (Magnification: x400)

Discussion

In this study, the potential protective effects of SAC
to prevent renal complications associated with PE and
EC were investigated. The results revealed that PE and
EC caused a significant increase in creatinine cleara-
nce, proteinuria and the protein/creatinine ratio. Admi-
nistration of SAC significantly prevented PE-induced
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kidney functional alterations. Although the etiopath-
ology of urinary protein excretion in PE and EC has not
been still entirely understood; the most often suggested
mechanisms in this regard are the likely rises in
capillary pressure of glomerulus, adjustments in glom-
erular filtration barrier selectivity, and changes in
proximal tubular reabsorption (19, 20).

Michael Cackovic et al. (2008) reported, that loss of
glomerular filter charge selectivity in PE led to increa-
sed excretion of total proteins, but reduced relative
excretion of TNF-a. PE is linked with decreased clear-
ance of TNF-a compared to other proteins, regardless
of increased systemic levels (21). Placental changes set
up the key factors accountable for the development of
the disease and its harshness (22). TNF-a is the potent
cytokine in PE, which is likely a consequence of the
pathophysiological changes linked with severe PE. In
this regard, systemic level of this protein plays a key
role in starting and preserving the pathophysiologic
mechanism of PE. Furthermore, the degree of kidney
damage that characterizes severe PE may be an
important regulator of the systemic TNF-a levels.

Some studies have shown an aberrant lymphocyte
Th1/Th2 cytokine balance in PE. Cytokines such as IL-
4, IL-10 and TNF-o induce an overstated maternal
systemic response of inflammation, characterized by
hypertension and proteinuria (23, 24). Overall, the
results of the present study are consistent with those of
the previous studies, which have reported higher level
of TNF-a in PE compared to the uncomplicated
pregnancies; kidney structural and functional anoma-
lies have been also reported as a result of TNF- a
elevation (8, 25).

In pregnancy, a more violent inflammatory reaction
occurs after PE and EC. To date, no exact mechanism
underlying the changes in the glomerulus of the animal
model of PE and EC has been reported. Various stimuli
such as TNF-a and IL-1p, which released by activated
macrophages (26) can change the glomerular filtration
barrier (27). Leukocytes and intrinsic renal cells could
be the source of intra-renal and circulating TNF-a (28).

The results of the present study indicated significant
increase in TNF-a and IL-1 B in the kidney tissue after
PE and EC induction by LPS administration, suporting
a generalized inflammatory condition in PE and EC.
Treatment with SAC significantly reversed TNF-a and
IL-1p alterations in the kidney tissue. A few studies
have previously examined serum IL-1f levels during
PE (29). Kalinderis et al. (2011) reported significant
elevated level of serum IL-1B in PE, highlighting the
inflammatory background of PE (30). Consistent with
the present study, they showed that intrinsic renal cells
are the major source of IL-1p synthesis, and also IL-1f
can induce mesangial cell proliferation and extracell-
ular matrix production in normal and disease rat kidney

31).

Previous studies have shown that IL-1p is the major
pro-inflammatory cytokine-mediating glomerular inj-
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ury (32). The findings of the present study are in line
with those of prior reports, which reported that SAC
pretreatment of LPS-challenged mice dose-depen-
dently mitigates inflammatory cytokines in the kidney
tissue (33). Another animal models have been confir-
med the nephroprotective effects of SAC on nephron-
pathies such as cyclosporine A (CsA)-induced nephr-
ontoxicity (34), ischemia and reperfusion-induced
renal damage (35).

As mentioned before, although the exact etiology and
pathogenesis of PE still remain obscure, it is now
unanimously accepted that inflammation and oxidative
stress caused by placental dysfunction are a common
underlying cause of PE (36). The antioxidant properties
of garlic and some garlic-derived compounds including
SAC, such as its well-known capability to scavenge
reactive oxygen species, lipid peroxidation inhibition
(12) and block the H,O»-induced NF-kB activation are
well recognized (37). Moreover, it has also been
suggested that the antioxidant mechanisms of SAC are
related to an increased amount of the endogenous
antioxidant of reduced glutathione (12).

Recent evidence suggests that human PE is an
endothelial cell disorder, due to toxic oxygen injury
(38). Our results demonstrated that the LPS-induced
EC in rats significantly increased the kidney tissue
MDA content as a reliable index of lipid peroxidation,
while treatment with SAC significantly decreased the
MDA content of the kidney. However, the ameliorative
effect of SAC treatment in LPS-induced EC and renal
injury may be due to an increase in antioxidant
capacity. A previous study reported an increase in
kidney MDA content following endotoxin admini-
stration (33). The histological analysis of the present
study revealed that both PE and EC might affect the
kidney of adult rats by disorganization of the glome-
rulus and matrix mesangial expansion. Moreover, in
this experimental model for PE, microvasculature dam-
age is inevitable, at least in the glomerular microvan-
sculature. The results of the histological studies
confirmed the LPS-induced biochemical changes.
Furthermore, SAC administration reversed PE and EC-
induced renal complications.

Conclusion

Taken together, SAC is capable of alleviating LPS-
induced PE and EC renal complications through
mitigation of renal oxidative stress and inflammation;
its favorable effect exhibits a dose-dependent pattern.
Clinical investigations may prove that SAC has
beneficial effects on human PE.
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