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Abstract

Background and aim:: Hepatorenal toxicity is a very common ailment with
resultant deleterious burden on the overall body systems and high mortality
of Kigelia africana Ethanolic Leaf Extract on
Carbon Tetrachloride Induced Toxicity in
Adult Male Wistar Rats. American Journal
of Plant Sciences, 11, 1345-1359.
https://doi.org/10.4236/ajps.2020.119096

rate. Although myriads of drug agents are in circulation, its medical man-
agement is still inadequate as no effective treatment which inhibits disease
progression and complications, has been synthesized yet. Therefore, this

study focused on the potentials of Kigelia africana ethanolic leaf extract
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rats. Method: KAELE was subjected to phytochemical screening. Following
two-week acclimatization, thirty-six (N = 36) adult male Wistar rats were
grouped into six consisting of six animals each (n = 6). Group I was given
distilled water as control while groups II to VI received silymarin (100
mg/kg), CCl, (1 ml/kg), KAELE (100 mg/kg, 200 mg/kg and 400 mg/kg) re-
spectively. All groups pre-treated with silymarin and Kigelia africana ethanol
leaf extract lasted for a period of fourteen (14) days using a gastric tube. CCl,
was administered intraperitoneally to groups II, III, IV, V and VI 48 hours
after the last pretreatment on day 14. Post treatment, animals were sacrificed
and the blood obtained and sera used for biochemical analysis while the tis-
sues for histological evaluations. Results: The phytochemical tests revealed
the presence of flavonoids, tannins, steroids, terpenoids, saponins, glycosides,
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alkaloids, and phenols. There was a significant decrease (P < 0.05) in the level
of all serum liver enzymes (AST, ALT and ALP) in the extract-treated groups.
KAELE showed a dose-dependent hepato-protective property as it signifi-
cantly mitigated the effects of carbon tetrachloride on the liver function
markers studied (total bilirubin, conjugated bilirubin, albumin and total pro-
tein). KAELE showed the decrease necrotic hepatic plates around the portal
areas and damaged blood vessels with less fatty acids infiltrations in this
study. Conclusion: KAELE possesses hepatorenal protective potentials.
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1. Introduction

Some medicinal plants play major roles in the management of various liver dis-
orders along with other system related diseases. Liver which is the key organ
regulating homeostasis within the body by various functions is susceptible to in-
juries triggered by toxic chemicals and drugs among others [1] [2]. Although
newly developed drugs have been used to treat and manage chronic liver disor-
ders; these drugs often present with plethora of side effects [3]. Additionally,
metabolism disorders including serum electrolytes, urea and creatinine de-
rangement are possible in the presence of carbon tetrachloride over dosage [4].
Increased concentration of serum urea and creatinine is considered for investing
drug induced nephrotoxicity in mammals [5]. Several studies suggest that tradi-
tional herbs and micronutrients such as carotenoids and selenium may be useful.
Their therapeutic abilities are consequence of bioactive constituents present with
the propensity to elicit definite physiological activities when exposed to the hu-
man body [6]. These bioactive constituents range from alkaloids, tannins, fla-
vonoids, saponins, lignins, lignans, cyanogenic glycoside and phenolic com-
pounds among others. Plant derived natural products such as flavonoids, terpe-
noids and steroids have received considerable attention in recent years due to
their diverse pharmacological properties including antioxidant and hepatopro-
tective activity [7]. Kigelia africana is a genus of flowing plants in the family
bignoniaceous. The genus comprises only one species, K. Africana. It is widely
spread in Sub-Saharan Africa, although rare in some regions. The plant contains
naphthoquinones which are active against several protozoal species [8] [9] [10].
The bark of K africana Lam. (Benth) as powder is used in traditional medicine
for ulcers treatment, or for treatment of pneumonia and malaria. The ethanolic
stem bark extract of plant can stimulate a central nervous system in which by
this property the plant can be explored for therapeutic advantage [11], along-
side its antibacterial activity, antioxidant activity and antidiabetic activity [12]
[13]. The major constituents isolated from the polar extract of the fruit of K.

africana are verminosides and iridoids and series of polyphenols such as ver-
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bascoside. Also in vitro assays showed that verminoside had significant
anti-inflammatory effects [14]. The plant has many medicinal properties because
of the presence of many secondary metabolites which include iridoids, flavon-
oids, and napthoquinones and volatile constituents [15]. Hence the present
study investigated the phytochemicals and hepatorenal protective potential of
ethanolic leaf extract of K. africana in adult male Wistar rats.

1.1. Materials and Methods

1.1.1. Plant Materials

The plant leaves were collected from the study area; Girei Local Government,
Adamawa State Nigeria. The study area lies on latitude 9°21'53.19" North and
longitude 12°3328.33" East, Google earth (2014). The fresh plant (leaf) was
identified and authenticated in the Department of Plant Science, Modibbo
Adama University of Technology Yola Adamawa State.

1.1.2. Preparation of Ethanol Extract

The fresh leaf of Kigelia africana was washed with tap water and then rinsed with
distilled water. The leaf of Kigelia africana was air dried under room tempera-
ture for 14 days, cut into small pieces and pulverized using pestle and mortar.
Powdered leaf was used for the preparation of ethanol extract. Ethanolic extract
was prepared by suspending 200 g of the powdered sample in 2 L of ethanol for
24 hours at room temperature, after which it was filtered using a filter paper and

then concentrated at 55°C using a water bath [16].

1.2. Ethical Approval

Animals were handled and used in concert with the guidelines of the National
Institute of Health guide for the care and use of laboratory animals (Washington
(DC): National Academies Press (US) [17].

1.3. Experimental Animals

Thirty-six (36) adult male Wistar rats between 120 - 180 g body weights were
obtained from the animal house of the National Veterinary Research Institute
(NVRI) Vom, Plateau State Nigeria. The animals were controlled and monitored
in plastic cages containing sawdust as bedding material with routine cleaning
and disinfection throughout the period of study. The animals were maintained

on standard laboratory diet and water ad libitum (Figure 1).

1.4. Experimental Design

Following two (2) weeks of acclimatization, thirty-six (N = 36) adult male Wistar
rats were grouped into six groups of six animals each (n = 6) as shown in Figure
2. All groups pre-treated with silymarin and Kigelia africana ethanol leaf extract
lasted for a period of fourteen (14) days using a gastric tube. CCl, was adminis-
tered intraperitoneally to groups II, IIL, IV, V and VI 48 hours after the last pre-
treatment on day 14.
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Figure 1. Possible mechanisms of action for KAELE in adult Wistar
rats. Polyphenols in KAELE decreases lipid peroxidation by mopping
off ROS and increased proliferation of healthy hepatocytes.

Experimental Design and
Treatments

Group I: Normal Group II: Positive Group Ill: Group IV: Kigelia Group V: Kigelia Group Vi:Kigelia
control control Negative control africana ethanol africana ethanol africana ethanol
leaf leaf leaf
2 ml/kg by
distille/dgwa\:’er CCLy 1 mi/Kg bw 100 mg/kg bw 200 mg/kg bw 400 mg/kg bw
Silymarin 100

mg/kg/day bw

Figure 2. Animal groupings and experimental design.

1.5. Preliminary Phytochemical Screening of Kigelia africana
Ethanol Leaf Extract

1.5.1. Qualitative Phytochemical Analysis

The leaf extract was screened for alkaloids, flavonoids, steroids, phenols, and

tannins, glycosides, and proteins. The tests for carbohydrate, glycosides, phenols

and tannins were carried out according to the method of Harbone [18]. Tests for

saponin, terpenoids and flavonoids were carried out according to the method

described by Senthilkumar and Reetha [19]. Alkaloids, proteins and steroids

were tested according to the method described by Nweze [20].

1.5.2. Quantitative Phytochemical Analysis

Tannin and terpenoid were estimated as tannic acid according to the method of
Ferguson [21]. Terpenoid was also estimated by the method of Ferguson [21].
Estimation of alkaloid was carried out according to the method described by
Harbone [17]. Flavonoid was estimated according to the method of Bolun and
Kocipai-Abyazan [22], while saponin estimation was carried out as described by
Obdoni and Ochuko [23]. Total phenol was estimated using a spectrophotomet-
ric method as described by Edeoga [24].
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1.6. Animal Sacrifice

Animals were anaesthetized in a chloroform chamber following 24 hours fasting
and blood samples obtained via cardiac puncture using 5 ml syringes into plain
tubes from which sera were collected by centrifugation at 5000 rpm for 5 mi-

nutes. The sera were used for biochemical assessments.

1.7. Liver Biochemical Assessments

The colorimetric end-point method of Reitman and Frankel [25] was used for
assaying for AST and ALT levels in the samples, using Randox test kits. The
p-nitro-phenol method described in Bormers and McComb [26] was used to

evaluate ALP activity using Randox test kit.

1.8. Renal Biochemical Assessments

Jendrassik and Grof method described by Doumas [27] was used for assaying
direct bilirubin levels in the samples, using Randox test kit. The Biuret method
described in Reinhold [28] was used to evaluate total protein level using Randox
test kit. Albumin was assayed according to the method described by Reinhold
[28]. Ammonia was measured photometrically by Berthelot’s reaction while

creatinine was determined by the method of Jaffe [29].

1.9. Histopathological Examination

Livers were excised from experimental animals and weighed, then preserved
in 10% formalin solution for histological assessment. The specimens were
afterwards trimmed, washed and dehydrated in ascending grades of alcohol then
rinsed with xylol and embedded in paraffin. Sections of 4 - 6 microns were made

and stained with hematoxylin and eosin and the slides examined [30].

1.10. Statistical Analyses

All values were express as Mean = SEM (Standard Error of Mean). One-way

analysis of variance (ANOVA) was employed followed by Tukey post hoc test.

2. Results
2.1. Phytochemical Compositions of KAELE

Table 1 shows the phytochemical composition of KAELE with flavonoids having
the highest percentage of 24.08, followed by terpenoids, tanins and saponins.

2.2. The Effect of Pre-Treatment with Kigelia africana Ethanol
Leaf Extracts on Serum AST, ALT and ALP Levels in Adult Male
Wistar Rats

The serum level of AST, ALT, and ALP in Figures 3-5 significantly increased in
CCl, only treated group compared to normal (P < 0.05). There was a statistically
significant dose dependent decrease in the liver enzymes (P < 0.05) of all the
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extract treated groups compared to the CCL only treated group. However, these
serum liver enzymes were significantly increased in both CCl, only treated group
and the extract at 100 mg/kg compared to the silymarin (100 mg/kg) treated
group. Significant changes (P < 0.05) were observed with high dosage of extract

in Figures 3-5.
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Figure 3. Different superscripts (a, b) indicate statistical significant difference (£ < 0.05),
(c) indicate significant difference (2 < 0.05), compared to CCL4 treated group.
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Figure 4. Different superscripts (a, b) indicate statistical significant difference (£ < 0.05),
(¢) indicate significant difference (P < 0.05), compared to CCL4 treated group.
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Figure 5. Different superscripts (a, b) indicate statistical significant difference (P < 0.05),
(¢) indicate significant difference (P < 0.05), compared to CCL4 treated group.
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Table 1. Phytochemical compositions of Kigelia africana ethanol leaf extract.

Phytochemicals Qualitative Composition Percentage (%)
Alkaloids + 1.27 £ 0.01
Flavonoids + 24.08 + 0.42

Phenols + 5.05 £ 0.06
Terpenoids + 18.43 £ 0.52
Saponins + 12.41 £ 0.50
Steriods + 2.27 + 0.60
Tannins + 16.20 £ 0.18

Key: Present: +.

2.3. The Effect of Pre-Treatment with Kigelia africana Ethanol
Leaf Extracts on Serum Conjugated Bilirubin, Total Bilirubin,
Total Albumin and Total Protein Levels in Adult Male Wistar
Rats

In Table 2 serum CB, TB, albumin and TP were all increased significantly (P <
0.05) in the CCl4 control groups compared to both the normal control and sily-
marin treated group. CB, TB, albumin and TP were also significantly higher (P <
0.05) in 100 mg/kg extract treated group compared to both normal control and
silymarin treated group. CB, TB, albumin and TP levels in the extract treated
groups; 200 and 400 (mg/kg) were significantly lower compared to the 100
mg/kg extract treated group.

2.4. Effect of Pre-Treatment with Kigelia africana Ethanol Leaf
Extract on Some Kidney Function Parameters

The level of Na* (mmol/L), K* (mmol/L), CI" (mmol/L), HCO; (mmol/L), Ur
(mmol/L), and Cr (mmol/L) in Table 3 showed a significant increase in CCl
control and 100 mg/kg extract treated group compared to normal control. Al-
though the levels of theses electrolytes were decreased in all the extract treated
groups, however, the decrease was only statistically significant in 400 mg/kg

treated group compared to CCl, only treated group.

2.5. Effect of Pre-Treatment with Kigelia africana Ethanol Leaf
Extract on Liver Histology

Figure 6 shows a well preserved liver architecture consisting of normal hepa-
tocytes (NH) with well-preserved cytoplasm, prominent nucleus and well
brought out central vein. Figure 7 shows coarse surrounding hepatocytes with
active blood circulation and well organized portal areas. In Figure 8, there is
abnormality in the liver architecture characterized by necrosis of hepatic lobules
and plates (HN) around the portal areas with destruction of blood vessels.

Damaged nuclei appear with ovoid nuclei, prominent nucleoli and acidophilic
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cytoplasm. Additionally, there is also moderate presence of fatty acids (MF) and
changes consistent with inflammatory cells. Figure 9 shows hepatic lobules dis-
playing necrosis of hepatic plates denoted by FC around the portal area with
marked destruction of blood vessels. There is also marked presence of fatty
changes and some inflammatory cells. Figure 10 shows normal hepatic lobules
(NH) displaying hepatic plates with moderate sinusoidal spaces. Its hepatocytes
are ovoid and vesicular with some prominent nucleoli and slight coarse granular
acidophilic cytoplasm. It also shows central vein containing blood (CV) with
signs of moderate necrosis within the surrounding plates. Figure 11 shows
hepatocytes with ovoid vesicular and prominent nucleoli indicated by (NV). It
also shows coarse granular acidophilic cytoplasm, a well-organized portal areas
and active blood circulation. Its central vein (CV) contains blood with moderate
number of polymorphs within the sinusoidal spaces as well as a near normal

liver architecture.

Table 2. Effect of the Pre-treatment with Kigelia africana Ethanol Leaf Extracts on Some Non-enzyme Biochemical Markers.

Treatment C.B (umol/L) T.B (umol/L) ALB (g/L) T.P (g/L)
Normal 5.87 £ 0.12 13.60 £ 0.10 38.67 + 0.14 58.33 +0.25
Silymarin 6.75 % 0.34 14.23 £ 0.58 42.00 £ 0.14 62.00 + 0.14
CCls control 58.45 + 0.48% 41.48 +0.19% 97.67 £ 0.75% 155.33 £ 0.19®
100 mg/kg/day KAELE 38.75 £ 0.75® 28.68 + 0.61* 65.50 £ 0.77° 88.33 £ 0.22%
200 mg/kg/day KAELE 10.80 + 0.56° 16.17 + 0.56° 43.50 + 0.42° 64.83 + 0.91°
400 mg/kg/day KAELE 8.73 £ 0.17 15.93 + 0.19° 41.00 £ 0.21° 61.67 + 0.22°

Values are expressed as mean + SEM (n = 5). Superscript (a, b and c) = significant changes (2 < 0.05) compared to normal, slimarin and CCls control, re-
spectively. T.B = Total bilirubin, C.B = Conjugated bilirubin, T.P = Total protein, ALB = Albumin, KAELE = Kigelia africana Ethanol Leaf Extract.

Table 3. Effect of Pre-treatment with Ethanol Leaf Extract of Kigelia africana on some Kidney function parameters.

Groups Na* (mmol/L) K* (mmol/L) CI” (mmol/L) HCO, (mmol/L) Ur (mmol/L) Cr (mmol/L)
Groupl
140.17 £ 0.34 4.08 £ 0.50 99.17 £ 0.25 24.50 £ 0.33 3.97 £0.19 70.50 £ 0.18
(Normal control)
GrouplI
. 142.67 £ 0.18 4.52 +0.33 100.50 = 0.61 26.83 £ 0.15 6.67 + 0.42 81.67 £ 0.82
(Sil 100 mg/kg)
GrouplII
192.83 + 0.21* 11.67 £ 1.05* 194.33 + 0.48%* 47.50 £ 0.10* 14.47 £ 0.33% 140.67 = 0.91%*
(CCl4 only)
GrouplV ’
187.50 + 0.48 *¢ 9.43 + 0.42* 121.00 + 0.33%* 37.83 £ 0.16* 10.13 £ 0.81%* 113.50 + 0.50*
(100 mg/kg/day)
GroupV
164.33 + 0.98 7.53 £0.34 106.83 = 0.46 34.83 £ 0.38 9.15 £+ 0.58 97.83 + 0.68
(200 mg/kg/day)
GroupVI b b b b b b
150.17 £ 0.65 5.37+£0.72 101.83 + 0.49 29.33 £0.21 6.68 + 0.49 85.83 £ 0.37
(400 mg/kg/day)

Values are expressed as mean + SEM (n = 5). Superscript (a), (c) and (b) = significantly different (P < 0.05) compared control and silymarin and CCl, re-

spectively.
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Figure 9. (100 mg/kg Ext) (H & E x400).
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Figure 10. (200 mg/kg Ext) (H & E x400).
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Figure 11. (400 mg/kg Ext) (H & E x400).

3. Discussion

The effect of K. africana ethanol leaf extract on carbon tetrachloride induced
hepatorenal damage was investigated in this study. The elevated levels of the
liver enzymes and other bio-indicators of hepatic toxicity from CCl, treatment
would be from the damage exerted by the said compound on hepatic tissue
membranes and deleterious alterations in membrane permeability of the hepa-
tocytes [31] [32].

The dose dependent activity of the extract of K. africana on the hepatic bio-
markers could be attributed to a possible pre fortification of the hepatic defense
mechanisms against the burden of CCL toxicity. CCL, has been reported to be
metabolized to trichloromethyl radical by CYP2E1 culminating in the formation
of trichloromethyl peroxy radical, as well as autocatalytic lipid peroxidation
provoked by the hepatic cellular membrane exposure to the formed radicals. It
has also been shown to interfere with calcium balance causing the activation of
enzymatic degradation and cytotoxicity. Additionally, it has been reported to
cause sustained regenerative and proliferative changes in liver post toxicity
which eventually causes an overwhelming repercussion on the DNA repair me-
chanism as increased cell division is directly proportional to increase in
frequency of genetic damage [33].

The Phytochemical screening of the extract in this current study has revealed
the presence of significant polyphenolic compounds which could have played
some vital roles in the mechanism of the extract against hepatic and renal toxic-
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ity.

Therefore, the activity of the K. africana on hepatorenal toxicity could have
been from attenuating action of compounds like flavonoids on the ROS gener-
ated from CCL toxicity hence mitigating lipid peroxidation as well as cellular
membrane destruction in this study. Flavonoids have negligible antioxidant ac-
tivity which could either be directly or indirectly from uric acid formed during
the depolymerization of flavonoid [34]. The pro inflammatory responses to CCL,
treatment could also have been inhibited by the flavonoid content of K. africana
in this study. This is possible via its inhibitory activity on pro inflammatory en-
zymes such as cyclooxygenases and lipoxygenases capable of generating ROS
and RNS. Flavonoids have been shown to exhibit their actions through effects on
common membrane permeability, and by inhibition of membrane-bound en-
zymes such as the AT-Pase and phospholipase [35] and this property may possi-
bly explain the mechanisms of antioxidative action of K. pinnataleaf extract.

The result of K. africana in this current study could also have been buttressed
by the terpenoids content of the extract. This compound is lipophilic [36] which
make hepatocytes membrane highly permeable to it, allowing for more effective
action and inhibition of cellular mechanisms exacerbating ROS production.
Terpenoids have also been associated with decreased cellular proliferation
through activation of necrotic and apoptotic pathways. This action could have
helped in mitigating the burden of hyperplasia from CCl, treatment in this cur-
rent study, thus alleviating the damage on DNA repair mechanisms of the hepa-
tocytes and renal cells [37]. Terpenoids have also been reported to mitigate in-
flammation through myriads of actions like inhibition of pro inflammatory en-
zymes among others [38]. Saponins and phenols also present could have contri-
buted to the overall resistance offered against the toxic effect of CCL, however,
the mechanism of action remains elusive.

This is in tandem with the popular opinion that serum levels of transaminase
return to normal with the healing of hepatic parenchyma and the regeneration
of hepatocytes. Effective control of ALP levels points towards an improvement
in the secretory mechanism of hepatic cells. It would not be out of place to state
that ALT is more specific for liver damage than AST as mentioned earlier, the
increase in ALT activity is usually due to hepatocellular injury and accompanied
by an increase in AST. An increase in ALP reflects the pathological alteration in
biliary flow [39] [40].

The results of bilirubin and total protein in this study suggest an improvement
in the hepatic cell’s secretory mechanism, as also evident by the result of the ex-
tract on liver architecture. Additionally, the considerable rise in level of plasma
albumin and total proteins in this study could have been from increases in the
plasma protein thiols activities, as good hepatoprotective effects. The result of
this study posits a possible membrane stabilizing activity of the K. africana on
hepatocytes.

Also, many metabolism disorders including serum electrolytes, urea and

creatinine derangement are possible in the presence of carbon tetrachloride over
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dosage [4]. Increased concentration of serum urea and creatinine are considered
for investing drug induced nephrotoxicity in animals and man [5]. Serum
creatinine is an important indicator of real health disease because it is easily
measured by-product of muscle metabolism. Creatinine is primarily synthesized
in the liver and kidney and after phosphorylation turns to a high energy com-
pound “phosphocreatine”. Creatinine, a by-product of catabolism of phospho-
creatine is chiefly filtered out of the blood by the kidneys. Therefore, if the filtra-
tion is deficient there is a rise in creatinine level in the blood. The decline in
kidney filtration ability evidenced by the results of creatinine and electrolytes
observed from CCl, treatment was reversed by the extract in a dose depended
fashion. The result of blood urea nitrogen (BUN) is synonymous to creatinine in
this study in that it is made in the liver and filtered out by the kidney. Urea, a
waste product of protein catabolism can rise when the kidney is defective. How-
ever, heart failure, dehydration, poor circulation or a diet high in protein can
also make BUN level higher. A lower BUN level signals chronic liver disease
though it is not used as a signal but confirmatory. The elevation of urea and
creatinine levels in the serum is taken as the index of nephrotoxicity.

The abnormality of the liver architecture with injuries and fatty changes is
consistent with the result of liver enzymes which infers disintegration of hepa-
tocytes from CCl, as well as cellular regeneration from KEALE administration.
Nadro and Onoagbe [41] reported folkoric uses of the plant leaves in the man-

agement and control of jaundice in some parts of the North East of Nigeria.

4. Conclusion

In conclusion needless to say that the efficacy of any hepatoprotective drug is
dependent on its capacity of either reducing the harmful effects or restoration of
normal hepatic physiology. Kigelia africana ethanolic leaf extract mitigates the

toxic effect of CCls on hepatorenal functions in this study.
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