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RENAL EFFECTS OF GOUTWEED (AEGOPODIUM PODAGRARIA L.) PREPARATIONS  IN RATS WITH THE Metabolic Disorders INDUCED BY FRUCTOSE AND Hydrochlorothiazide

RESUME

The influence of goutweed (Aegopodium podagraria L.) aerial part extract 
(1 g/kg) and tincture (1 and 5 ml/kg) was estimated in rats receiving excess fructose (10% drinking solution) combined with hydrochlorothiazide (20 mg/kg), with the determination of excretory renal function parameters in water-loading test, proteinuria (also in spontaneous diuresis) as well as uric acid exchange indices in oxonate-induced hyperuricemia in comparison with allopurinol. It has been shown that goutweed preparations do not cause abrupt disturbances of the excretory renal function, contribute to diuresis maintenance under the conditions of hyperuricemia, the extract and the tincture (1 ml/kg) exert antiproteinuric effect. As the extract significantly enhances kaliuresis, in connection with the possible hyperaldosteronism development further study of its dosage regimens is required.
Key words: goutweed (Aegopodium podagraria L.), extract, tincture, metabolic syndrome, fructose, hydrochlorothiazide.

INTRODUCTION
Bioactive substances of plant origin are a promising source of drugs with polytropic mechanism of action on the pathogenesis of the metabolic syndrome (MS) and other so-called ‘diseases of civilization.’ This mechanism is determined by their multi-component composition. In MS and diabetes mellitus type 2 along with normalization of carbohydrate metabolism it is expedient to influence on hyperuricemia and chronic inflammatory processes, which are important factors in pathogenesis of these states. In addition, organoprotective effects, especially nephroprotective and hepatoprotective, are desirable for potential antidiabetic drugs [7,23]. Therefore, much attention has been paid to the herbal drugs that combine the aforesaid types of pharmacological activity and in most cases are characterized by a high degree of safety.

The object of our study is goutweed (Aegopodium podagraria L., GW). It is a perennial plant of the Apiaceae family, which has long been consumed as vegetable and used in traditional medicine for the treatment of kidney diseases and metabolic disorders [6]. Dry extract and tincture obtained from its aerial part are standardized on hydroxycinnamic acids content and are proven to exert a beneficial effect on purine metabolism along with the expressed nephroprotective and hepatoprotective properties (the extract [5,11]), hypoglycemic effect (the tincture [8]). Moreover, both drugs have a favourable influence on the course of alloxan-induced diabetes in mice [10]. Effects of extract are to some extent mediated by potassium compounds, which is of special interest in view of the contribution of the unfavourable mineral composition of the diet to the pathogenesis of MS in particular and to an increase in non-infectious morbidity in general [12]. In addition, the severity of MS manifestations increases in magnesium deficiency [18], and the content of the latter in GW raw material is high [4]. Chronic inflammation processes associated with COX-2 are involved in MS pathogenesis [20], while anti-inflammatory properties of GW preparations, especially the tincture, were established [11]. Under the conditions of metabolic disorders that mimic the human metabolic syndrome, the hypoglycaemic effect of GW tincture was proven, and a relationship between the influence of the extract and tincture on the metabolism of electrolytes, uric acid (UA) and carbohydrates was estimated [22], so more detailed description of renal and metabolic effects of GW drugs on this model is expedient. 
The purpose of this study is to determine the effect of goutweed drugs (extract and tincture) compared with allopurinol on renal function and metabolism of uric acid on the model of metabolic disorders, similar to the human metabolic syndrome.

MATERIALS AND METHODS
The experiments were conducted in accordance with ‘Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection of animals used for scientific purposes.’
Metabolic disorders were caused in animals by the combined administration of fructose and hydrochlorothiazide (HCTZ). Male albino rats with the initial body weight 300 g approximately were used, they were kept under standard vivarium conditions in the Central Scientific-Research Laboratory of National  University of  Pharmacy. 

The rats were randomly divided into 7 groups, each containing 6 animals:

1. Intact control (IC);

2. Fructose supplementation (F);

3. Fructose supplementation + hydrochlorothiazide (F+ HCTZ);

4. Fructose supplementation + hydrochlorothiazide + Aegopodium podagraria extract, 1 g/kg (F+ HCTZ+EXTR);

5. Fructose supplementation + hydrochlorothiazide + Aegopodium podagraria tincture, 1 ml/kg (F+ HCTZ+T1);

6. Fructose supplementation + hydrochlorothiazide + Aegopodium podagraria tincture, 5 ml/kg (F+ HCTZ+T5);

7. Fructose supplementation + hydrochlorothiazide + allopurinol, 10 mg/kg (F+ HCTZ+ALL).

Rats of IC group consumed tap water (after settling), while for the other groups the drinking water was substituted by 10% fructose solution (Macrochem Corp. (Ukraine), qualification ‘food’). According to [14] just this concentration of the solution should be used. To enhance the pathological changes, HCTZ (Chinoin Private Co. Ltd., Hungary) was administered to the animals, as proposed [21]. Thiazide diuretic under the conditions of MS formation prevents arterial hypertension, but increases the severity of disorders of lipid, carbohydrate, UA  metabolism, leads to a deficiency of potassium. It can accelerate the development of endothelial dysfunction, reduce NO availability, which in turn exacerbates insulin resistance. Allopurinol under the conditions of this model decreases uricemia and blood pressure, reduces the severity of hypertriglyceridemia, hyperglycemia, insulin-resistance. Counteraction to insulin resistance and arterial hypertension is also possible through removing hypokalemia caused by HCTZ [21]. Moreover, hyperuricemia and hyperkalemia are believed to be the primary mechanisms of the worsening of MS course under the influence of thiazide diuretics in the clinic. Removal of these factors is considered to be a promising way to increase the efficacy and safety of thiazides [21]. Such phenomena have attracted special attention due to the ability of GW preparations to counteract hyperuricemia and hypokalemia [11].
Since 10 mg/kg is the minimum dose of HCTZ, which is able to cause moderate hypokalemia in rats according to [21], the dose of 20 mg/kg was used, the diuretic was administered daily as a suspension (stabilized by polysorbate 80) made ex tempore. The animals of the IC and F groups received the equal volume of water intragastrically. GW preparations (extract as an aqueous solution at a dose of 1 g/kg or tincture after the removal of ethyl alcohol, at doses of 1 and 5 ml/kg, these doses appeared to be effective in previous experiments [11]) were administered intragastrically once a day beginning from the first day of fructose supplementation. The interval between the administration of HCTZ and GW preparations or allopurinol

was at least 40 minutes. The animals of the groups IC, F, F+HCTZ received water by the similar process. Allopurinol was given at a dose of 10 mg/kg, that is recommended [19] and appeared to be effective in our previous experiments [11].

At weeks 6–8, the status of excretory renal function (ERF) was determined in animals previously adapted to the conditions of the experiment, under the conditions of water diuresis (two-hour urine collection after administration of water loading by tap water at a rate of 3% of body weight [1]). The next day, oxonate-induced hyperuricemia was reproduced. Classic inhibitor of uricase potassium oxonate (Aldrich, Germany) was dissolved in water for injection and administered at a dose 250 mg/kg intraperitoneally, blood samples were taken from the tail vessels in 2 hours (when uricemia reaches maximum [19]), then UA excretion was determined [11] under the conditions of water diuresis as described above. After 10 weeks of experiments protein excretion was also determined under the conditions of spontaneous diuresis. HCTZ and the studied drugs were given 80 and 40 min before biochemical tests, respectively.

UA content in urine and blood plasma was measured photocolorimetrically by reaction with the phosphotungstic reagent. Standard kits from Fіlіsіt-Dіagnostika (Ukraine) were used. Urine samples were also used for the measurement of creatinine by Jaffe reaction, protein – by reaction with sulphosalicylic acid, sodium and potassium – by flame photometry method [3]. UA, creatinine, protein excretion were calculated, as well as Na+/ K+ ratio in urine [1].

Proceeding from distribution of data, medians, 25% and 75% percentiles (upper and lower quartiles) were calculated, such approach is recommended for biomedical research [2]. Also, the traditionally used arithmetic means and their standard errors (M±m) are given. The central tendency of independent samples were compared by the criterion of Mann-Whitney U. To determine the relationship between the individual parameters, the Spearman’s correlation coefﬁcient of  ρ was used.

RESULTS AND DISCUSSION

As can be seen from Table 1, against the background of excess fructose consumption (group F) only a tendency to increased saluresis was evident. The ability of the kidneys to excrete water loading was preserved, as opposed to the ability to concentrate urine – significant disorders of reabsorption processes were observed under the conditions of spontaneous diuresis, which was considered in the article [22]. Long-term use of HCTZ did not lead to an essential saluretic effect (Table 1), that is in accordance with the modern views about the absence of significant changes in extracellular fluid volume in course use of thiazide diuretics [15]. Under the conditions of water loading, in contrast to spontaneous diuresis negative correlation between diuresis and creatinine in urine was not observed in intact animals, such dependence appeared against the background of HCTZ and became statistically significant in groups F + HCTZ + T1 and F + HCTZ + ALL. There were no statistically significant differences between groups in plasma creatinine level after 10 weeks of experiments (mean values ​​in all groups did not exceed 51 μmol/l) [22].

GW extract, unlike the tincture and allopurinol, reduced diuresis (statistically significant differences with data of groups IC and F), caused multifold and highly statistically significant augmentation in kaliuresis with a corresponding decrease in Na+/ K+ ratio in urine. The latter is considered to be a sign of strengthening of mineralocorticoid control of distal tubules [17]. Involvement of aldosterone in the implementation of these effects is quite possible in respect that potassium content in the extract is high [4], and high dose of this preparation was given each day. These results are fully consistent with the results of experiments under the conditions of spontaneous 24-hour diuresis [22]. In that report we described in detail the relationship between changes in electrolyte and carbohydrate metabolism against  the background of the possible aldosteronism that increases hypokalemia caused by HCTZ and reduces the beneficial effects of the extract. GW tincture also manifested kaliuretic action (still it was weaker compared with the effect of the extract), especially in high dose. It also corresponds to the data obtained in spontaneous diuresis [22]. Other indicators of ERF were not changed by GW tincture (Table 1). Allopurinol showed a tendency towards augmentation in natriuresis (with significant inter-individual differences), thereby increasing Na+/K+ ratio in urine, in contradistinction to spontaneous diuresis, when similar changes were mainly caused by kaliuresis reduction [22].
In contrast to the data in the literature [21], under the conditions of spontaneous diuresis the development of proteinuria was not observed under the influence of fructose and HCTZ (Table 2). Since the protein content in 24-hour urine samples of the animals of all groups was reduced in accordance with increased urine output [22], protein excretion both as the absolute value and after adjustment to 1 ml of glomerular filtrate remained unchanged, negative correlation between diuresis and protein in the urine was maintained (Table 4). Excretion of protein, standardized by creatinine excretion, even decreased against the background of fructose, as creatinine excretion augmented significantly compared with the intact rats value [22]. However, in water loading test HCTZ caused a significant increase both in the concentration of protein in the urine and its excretion (Table 2). In F group unphysiological positive correlation between diuresis and urine protein appeared (Table 4), which may be predictive of pathological changes. GW extract, GW tincture at a dose of 1 ml/kg, and allopurinol counteracted the augmentation of protein concentration in the urine and its excretion (Table 2). In spontaneous diuresis against the background of GW extract the level of protein in the urine was minimal among all groups, and the lowest standardized indicators of its excretion were observed accordingly. Hypokalemia caused by HCTZ is considered as a leading factor in renal damage [21], but against the background of the extract the reduction of blood potassium content was not combined with a decrease in creatinine clearance, increment of azotemia [22], on the contrary antiproteinuric effect was registered. This corresponds to a powerful nephroprotective properties and antiproteinuric effect of this preparation (associated not only with the polyuria elimination, but with the true influence on the content of protein in the urine), which has been proven in several renal injury models [11]. The extract and the tincture also reduced proteinuria under the conditions of alloxan-induced diabetes [9].

As for UA metabolism, neither fructose, nor HCTZ significantly changed its baseline excretion (Table 3). Against the background of the extract a tendency towards reduction in its excretion was observed, including the value standardized for creatinine excretion, and besides the extract eliminated negative correlation between diuresis and UA content in the urine, which appeared under the influence of HCTZ and is not inherent in intact animals under the conditions of water diuresis. After the administration of the tincture the dose-dependent increase in renal UA excretion took place (statistically significant differences from groups F, F+HCTZ+EXTR, and F+HCTZ+T1). This corresponds to the data about uricosuric effect of GW tincture [5,11].

The decrease in urine output and renal excretion of UA in hyperuricemia (Table 3, p <0.05 compared with IC group) indicated a beginning of exhaustion of kidneys functional reserves under the influence of fructose. Against the background of HCTZ a significant decrease in the urine volume (but not UA excretion) was also registered. After administration of all of the investigated preparations diuresis did not differ significantly from the IC group value, UA excretion also was not changed, although negative correlation between diuresis and UA content in the urine was enhanced. Fructose per se, as well as in combination with HCTZ did not change the severity of hyperuricemic action of uricase inhibitor. However, against the background of fructose negative correlation between UA excretion (in oxonate-induced hyperuricemia, but not the baseline) and uricemia, that was observed in IC group and may be considered as a sign of involvement of renal mechanisms in the regulation of blood UA content [5]), changed to positive. Similar changes were present in group F+HCTZ+ALL, which is consistent with the predominant contribution of extrarenal mechanisms (i.e. inhibition of UA synthesis) in the implementation of allopurinol action. In group F+HCTZ+T5 as in group F, uricemia positively correlated with UA baseline excretion. GW preparations did not reduce the level of the UA in oxonate-induced test at week 10, although the extract exertred hipouricemic action (proceeding from basal UA content in the blood [22]). Allopurinol significantly reduced UA content in the blood and its excretion  (both baseline and against the background of hyperuricemia, Table 3), as expected. 

It should be noted that the severity of potassium oxonate action in intact animals was twice lower compared to previous experiments results [11]. Along with this, it is worth mentioning that there were no increment in azotemia, glycemia [22], and proteinuria in spontaneous diuresis against the background of fructose and HCTZ (that is not consistent with the results [21]). These phenomena can be associated with the specifity of salt regimen: for a long time animals were on the standardized diet, while diet high in sodium contributes to the development of pathological processes and approximates the model to a real clinical situation. It is known that the negative effect of fructose is less pronounced under the conditions of  a diet with a normal Na+/ K+ ratio (1:3) or chloride-free diet [16], as opposed to a diet with high sodium content [13]. These features of the model, along with the specific mode of the extract dosing (administration of a significant amount of potassium, which is present in extract solution, once a day is not very favourable for the implementation of potassium compounds protective influence [12,21]) might cause lack of severe pathological changes in F and F+HCTZ groups, and it might be problematic to detect a protective effect against a such background. This causes the expediency of further in-depth studies of GW preparations metabolic effects.

CONCLUSIONS

Favourable metabolic effects of goutweed preparations were partially confirmed against the background of excess fructose and hydrochlorothiazide. These preparations contribute to the maintenance of excretory renal function under the conditions of hyperuricemia but do not disturbe this function it normouricemia, the extract and the tincture at a dose of 1 ml/kg exert antiproteinuric effect. Because of high potassium content in the extract with the appropriate increase in kaliuresis and disturbance of homeostasis, further studies of this preparation dosing regimen are required.
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Table 1

Influence of course administration of goutweed drugs and allopurinol on excretory renal function in water loading test 

in rats receiving fructose and hydrochlorothiazide, M±m; Q50 (Q25–Q75); n=6​–12
	Indices 
	Intact animals
	Fructose 
	Fructose + hydrochloro-thiazide
	Fructose + hydrochloro-thiazide + extract,

1 g/kg
	Fructose + hydrochloro-thiazide + tincture, 1 ml/kg
	Fructose + hydrochloro-thiazide + tincture, 5 ml/kg
	Fructose + hydrochloro-thiazide
+ allopurinol,

10 mg/kg

	Diuresis in water loading test, 
ml/100 g for 2 h
	2.46±0.11

2.42 
(2.27–2.55)
	2.48±0.12

2.34 
(2.25–2.83)
	2.53±0.31

2.86 
(1.81–3.22)
	1.69±0.16****####

1.72 
(1.43–1.98)
	2.14±0.14&
2.10
(1.89–2.49)
	2.49±0.19&&&&
2.59 
(2.03–2.70)
	2.27±0.25

2.09 
(2.72–2.95)

	Creatinine excretion, 

μmol/100 g for 2 h
	4.06±0.44

3.89
(3.45–4.26)
	4.13±0.48

3.61
(3.50–4.02)
	3.89±0.33

4.17
(3.78–4.34)
	3.75±0.28

3.87
(3.16–4.31)
	3.72±0.23

3.92
(3.26–4.10)
	4.00±0.35

4.32
(3.20–4.64)
	4.39±0.31

4.23
(3.68–4.66)

	Sodium excretion, 

μmol/100 g for 2 h
	13.8±1.75

12.9 
(10.0–17.7)
	28.8±8.86

15.0
(11.9–27.5)
	26.7±9.44

19.2
(13.5–25.5)
	20.2±7.70

11.0 
(8.51–20.0)
	27.7±10.2

16.4 
(14.0–25.8)
	21.4±4.47

19.7 
(12.9–24.8)
	40.6±11.0

28.5 
(9.72–73.3)

	Potassium excretion, 

μmol/100 g for  2 h
	34.1±7.54

32.1
(22.4–34.6)
	44.3±4.66

44.0
(36.0–52.5)
	51.5±10.5

43.6
(30.0–67.8)
	126±22.3****####^^^

102
(79.6–174)
	64.4±6.55**#&&

64.0
(56.3–68.7)
	80.6±5.33****####^

82.1
(75.5–86.8)
	51.1±9.51&&&&¶

50.0
(31.0–64.9)

	Urine Na+ /K+ ratio
	0.520±0.124

0.472
(0.261–0.733)
	0.707±0.202

0.370
(0.278–1.182)
	0.496±0.110

0.386
(0.298–0.541)
	0.193±0.078*##^
0.097
(0.060–0.194)
	0.423±0.151&
0.289
(0.233–0.347)
	0.271±0.053^
0.263
(0.169–0.333)
	0.968±0.263&&&

0.664
(0.293–1.682)


Note. Statistically significant differences when compared to intact control group value – *  (p<0.05); ** (p<0.02); **** (p<0.005); when compared to fructose group value – #  (p<0.05); ## (p<0.02); #### (p<0.005); when compared to the group ‘fructose + hydrochlorothiazide’ value – ^ (p<0.05); ^^^ (p<0.01); when compared to the value of animals receiving the extract – & (p<0.05); && (p<0.02); &&& (p<0.01); &&&& (p<0.005); when compared to the value of animals receiving the tincture at a dose of 1 ml/kg –$$ (p<0.02); when compared to the value of animals receiving the tincture at a dose of 5 ml/kg – ¶ (p<0.05); n –quantity of animls in a group.

Table 2

Influence of course administration of goutweed drugs and allopurinol on urinary protein excretion 
in rats receiving fructose and hydrochlorothiazide, M±m; Q50 (Q25–Q75); n=6​
	Indices 
	Intact animals
	Fructose 
	Fructose + HCTZ
	Fructose + HCTZ + extract, 1 g/kg
	Fructose + HCTZ + tincture,1 ml/kg
	Fructose + HCTZ + tincture, 5 ml/kg
	Fructose + HCTZ
+ allopurinol,

10 mg/kg

	Water loading 

	Urine protein, g/l
	0.37±0.07

0.34
(0.23–0.55)
	0.24±0.03

0.25
(0.17–0.25)
	0.44±0.03####

0.41
(0.40–0.48)
	0.32±0.04^
0.31
(0.24–0.40)
	0.25±0.04^^^^
0.22
(0.17–0.33)
	0.40±0.08##
0.31
(0.28–0.38)
	0.35±0.06^
0.29
(0.24–0.39)

	Protein excretion, 
mg/1 μmol of creatinine
	0.88±0.16

0.86
(0.48–1.26)
	0.59±0.08

0.64
(0.37–0.75)
	1.08±0.19#
1.04
(0.66–1.38)
	0.52±0.06^
0.54
(0.45–0.65)
	0.52±0.06^
0.50
(0.40–0.62)
	0.94±0.13#&&&$$

0.84
(0.70–1.15)
	0.72±0.08¶
0.63
(0.59–0.77)

	Protein excretion, 

mg/100 g for 2 h
	0.22±0.04

0.22
(0.14–0.33)
	0.14±0.01

0.13
(0.11–0.18)
	0.29±0.05##
0.28
(0.18–0.39)
	0.16±0.02^
0.15
(0.13–0.19)
	0.14±0.01^^^
0.17
(0.11–0.17)
	0.23±0.03##$$
0.22
(0.17–0.25)
	0.17±0.03^
0.14
(0.13–0.17)

	Spontaneous diuresis

	Urine protein, g/l
	2.44±0.29
2.60
(2.36–2.70)
	1.00±0.21****

0.81
(0.71–1.14)
	0.82±0.10****

0.90
(0.68–0.98)
	0.60±0.12****

0.66
(0.40–0.82)
	0.86±0.22****

0.95
(0.45–1.11)
	0.88±0.05****&

0.89
(0.87–0.98)
	0.84±0.24***

0.74
(0.40–1.24)

	Protein excretion, 

mg/100 g for 24 h
	7.75±1.34

6.94

(6.27–9.00)
	6.69±0.68

7.07

(6.71–7.63)
	6.65±1.23

5.78

(4.67–8.79)
	6.22±1.09

6.42

(4.11–8.02)
	6.24±1.24

6.04

(4.16–6.:2)
	6.26±0.82

5.45

(4.71–7.72)
	6.02±1.35

6.00

(5.20–7.30)

	Protein excretion, 

mg/1 μmol of creatinine
	0.314±0.056

0.298

(0.24​2–0.419)
	0.207±0.025*

0.214

(0.195–0.218)
	0.197±0.031

0.201

(0.139–0.262)
	0.162±0.030*

0.150

(0.103–0.223)
	0.188±0.032*

0.192

(0.119–0.242)
	0.197±0.013

0.190

(0.171–0.217)
	0.198±0.048

0.180

(0.136–0.279)

	Protein excretion, 

μg/1 ml of glomerular filtrate
	10.6±1.58

9.92
(9.12–12.1)
	10.6±1.96

9.98
(7.00–13.6)
	8.79±1.70

10.6
(4.79–11.2)
	7.79±2.44

7.40
(3.19–9.80)
	8.64±1.67

7.91
(6.00–10.1)
	8.76±1.88

8.93
(5.87–10.4)
	10.2±3.47

15.4
(2.81–15.5)


Note. Statistically significant differences when compared to intact control group value – *  (p<0.05); *** (p<0.01); **** (p<0.005); when compared to fructose group value – #  (p<0.05); ## (p<0.02); #### (p<0.005); when compared to the group ‘fructose + hydrochlorothiazide’ value – ^ (p<0.05); ^^^ (p<0.01);  ^^^^ (p<0.005); when compared to the value of animals receiving the extract – & (p<0.05); &&& (p<0.01); when compared to the value of animals receiving the tincture at a dose of 1 ml/kg –$$ (p<0.02); when compared to the value of animals receiving the tincture at a dose of 5 ml/kg – ¶ (p<0.05); n – quantity of animls in a group; HCTZ – hydrochlorothiazide. 
Table 3

Influence of course administration of goutweed drugs and allopurinol on uric acid metabolism and kidney function markers 
in rats receiving fructose and hydrochlorothiazide, M±m; Q50 (Q25–Q75); n=6​–12

	
	Indices 
	Intact animals
	Fructose 
	Fructose + hydrochloro-thiazide
	Fructose + hydrochloro-thiazide + extract,

1 g/kg
	Fructose + hydrochloro-thiazide + tincture, 1 ml/kg
	Fructose + hydrochloro-thiazide + tincture, 5 ml/kg
	Fructose + hydrochlorothiazide
+ allopurinol,

10 mg/kg

	Baseline values
	Uric acid excretion, 

μmol/100 g for 2 h
	0.89±0.09

0.85
(0.75–1.03)
	0.77±0.05

0.81
(0.65–0.89)
	0.79±0.12

0.79
(0.44–1.09)
	0.66±0.07

0.60
(0.57–0.77)
	0.73±0.06

0.75
(0.60–0.85)
	0.95±0.08#&&$
0.92
(0.84–0.98)
	0.50±0.06****###^$¶¶¶
0.50
(0.38–0.67)

	
	Uric acid excretion, 

μmol/1 μmol of creatinine for 2 h
	0.22±0.02

0.21
(0.19–0.25)
	0.20±0.02

0.22
(0.16–0.24)
	0.20±0.02

0.20
(0.18–0.25)
	0.18±0.02

0.16
(0.15–0.21)
	0.20±0.01

0.21
(0.18–0.21)
	0.25±0.02&$
0.23
(0.21–0.24)
	0.12±0.02****###^^^&$$$$¶¶¶¶

0.12
(0.08–0.15)

	Oxonate-induced hyperuricemia
	Diuresis in hyperuricemia, 
ml/100 g for 2 h 
	2.72±0.16

2.77
(2.60–3.00)
	2.10±0.14*
1.94
(1.88–2.25)
	2.20±0.08*
2.26
(2.01–2.30)
	2.45±0.17

2.47
(2.25–2.60)
	2.31±0.25

2.16
(2.01–2.69)
	2.10±0.30

2.21
(1.51–2.63)
	2.30±0.17

2.45
(2.05–2.58)

	
	Uric acid excretion, 

μmol/100 g for 2 h
	10.5±1.04

9.79
(8.79–11.9)
	7.86±1.21*
7.58
(6.00–9.90)
	9.96±1.23

11.4
(6.09–12.3)
	10.0±0.72

10.1
(9.47–10.8)
	9.65±0.69

9.67
(8.98–10.7)
	9.70±0.95

8.89
(7.75–10.6)
	7.04±0.63*&&&$$¶

6.38
(6.18–7.94)

	
	Plasma uric acid, μmol/l
	0.141±0.003

0.140
(0.137–0.147)
	0.136±0.030

0.101
(0.090–0.153)
	0.142±0.010

0.140
(0.126–0.156)
	0.171±0.032

0.149
(0.129–0.193)
	0.148±0.011

0.159
(0.139–0.176)
	0.162±0.031

0.150
(0.116–0.217)
	0.074±0.015*#^^^&&& $$$¶
0.064
(0.048–0.085)


Note. Statistically significant differences when compared to intact control group value – *  (p<0.05); **** (p<0.005); when compared to fructose group value – #  (p<0.05); ### (p<0.01); when compared to the group ‘fructose + hydrochlorothiazide’ value – ^ (p<0.05); ^^^ (p<0.01);  when compared to the value of animals receiving the extract – & (p<0.05); && (p<0.02); &&& (p<0.01); when compared to the value of animals receiving the tincture at a dose of 1 ml/kg – $  (p<0.05); $$ (p<0.02); $$$ (p<0.01); $$$$ (p<0.005); when compared to the value of animals receiving the tincture at a dose of 5 ml/kg – ¶ (p<0.05); ¶¶¶  (p<0.01); ¶¶¶¶ (p<0.005); n – quantity of animls in a group.

Table 4

Spearman’s coefﬁcients of  ρ correlation between the individual parameters of the excretory renal function
in rats receiving fructose and hydrochlorothiazide treated with goutweed drugs and allopurinol

	Indices 
	Intact animals
	Fructose 
	Fructose + hydrochloro-thiazide
	Fructose + hydrochloro-thiazide + extract,

1 g/kg
	Fructose + hydrochloro-thiazide + tincture, 1 ml/kg
	Fructose + hydrochloro-thiazide + tincture, 5 ml/kg
	Fructose + hydrochlorothiazide
+ allopurinol,

10 mg/kg

	Diuresis – creatinine content in urine (baseline)
	+0.29
NS
	–0.13
NS
	–0.62
NS
	–0.64
NS
	–0.89
p<0.01
	–0.19
NS
	–0.95
p<0.001

	Diuresis – protein content in urine 

(water loading test)
	–0.31
NS
	+0.63
p=0.05
	+0.37
NS
	–0.29
NS
	–0.56
NS
	–0.40
NS
	–0.90
p<0.001

	Diuresis – protein content in urine 
(spontaneous diuresis)
	–0.50
NS
	–0.66
NS
	–0.56
NS
	–0.30
NS
	–0.83
p<0.05
	–0.67
NS
	–0.20
NS

	GFR– protein excretion (spontaneous diuresis)
	+0.70
NS
	–0.54
NS
	+0.70
NS
	–0.90
(p<0.05)
	+0.20
NS
	+0.38
NS
	–0.10
NS

	Diuresis – uric acid content in urine (baseline)
	+0.31

NS
	–0.22
NS
	–0.67
p<0.05
	–0.12
NS
	–0.71
p<0.05
	–0.45
NS
	–0.57
p<0.05

	Diuresis – uric acid content in urine (hyperuricemia)
	–0.43

NS
	–0.29

NS
	–0.19

NS
	–0.60

NS
	–0.83

p<0.01
	–0.74

p<0.02
	–0.55

NS

	Baseline excretion of uric acid – uric acid content 
in blood
	–0.30

NS
	+0.77

p<0.05
	–0.14

NS
	–0.60

NS
	+0.03

NS
	+0.75

p<0.05
	+0.26

NS

	Excretion of uric acid 
in hyperuricemia – uric acid content in blood
	–0.80

p<0.05
	+0.82

p<0.01
	+0.60

NS
	+0.60

NS
	+0.35

NS
	+0.57

NS
	+0.77

p<0.05


Note. NS – p > 0.05; GFR – glomerular filtration rate.
