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ANTI-INFLAMMATORY PROPERTIES OF EXTRACTS FROM PLANTS
OF THE RUBIACEAE FAMILY

Abstract. Rubiaceae species are widely distributed, mainly concentrated in tropical regions. They contain various
alkaloids, flavonoids, and other active compounds that have significant therapeutic effects on many diseases. In this study
a meta-analysis of the existing experimental data on the therapeutic effects of Rubiaceae was conducted using Cochrane,
PubMed, Google Scholar, and Web of Science databases for report retrieval. The search contained “Gardenia”, “Hedyo-
tis”, “Morinda”, “Nauclea”, and “Paederia” species of Rubiaceae, which were used in animal inflammation models.
A total of 348 papers were analyzed, duplicate studies were removed, data reliability and adequate sample sizes were filtered.
Proinflammatory cytokines (PCs), and the expression of inflammatory gene NF-xB were used to evaluate the inflammatory
levels in two animal models, the Rubiaceae-treated (RT) and Inflammation Model (IM). Subgroup analysis was used to
explore: 1) the anti-inflammatory effects of different genera; 2) the anti-inflammatory effects of different extracts. The results
from meta-analysis show that Rubiaceae extracts exert significant anti-inflammatory effects in animal models, with the
RT group exhibiting lower levels of PCs (IL-1p, IL-6, TNF-a) and NF-«B expression than the IM group (p < 0.05). Subgroup
analysis found that Gardenia, Hedyotis, and Morinda all significantly reduced IL-1p and TNF-a levels, while only Morinda had
a notable inhibitory effect on IL-6; aqueous, ethanol, and terpenoid extracts all showed significant anti-inflammatory activity.
Substantial heterogeneity was observed, which subgroup and meta-regression analyses identified as being primarily due to
intergeneric differences. Begg’s and Egger’s tests indicated the presence of publication bias across the included studies. Further
in vivo and in vitro experiments are therefore required to verify the anti-inflammatory effects of various medicinal plants of the
Rubiaceae family.
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IPOTUBOBOCHAJIUMTEJBHBIE CBOMCTBA DKCTPAKTOB PACTEHU CEMENCTBA RUBIACEAE

AnnoTtanms. Bunsr cemeiictBa Mapenossie (Rubiaceae) MUPOKO pacpOCTpaHEHBI MPEUMYIIECTBEHHO B TPOIHMYE-
CKHX pernoHax. OHM COzlepIKaT pa3InYHbIC aJIKAJIOUIbI, (DITABOHOM/IBI U IPyTHE aKTUBHbBIC COCIUHEHHS, 00Ia1afoIIne Bbl-
paKCHHBIM TEPAaNeBTUYECKUM JACHCTBHEM B OTHOLICHHHU LIMPOKOTO CIEKTpa 3a0osieBaHMM. B naHHOM MccienoBaHUM ObLI
MPOBEICH MeTa-aHaJIN3 IKCIIEPUMEHTAIBHBIX JAHHBIX O TepaneBTHYeCKuX 3 deKTax npeacraButeneit Rubiaceae Ha 0CHOBE
nHpopmaruu u3 6a3 nanueix Cochrane, PubMed, Google Scholar 1 Web of Science. Ilonck Bxirouyan Buasl pono Gar-
denia, Hedyotis, Morinda, Nauclea u Paederia. Becero 0bu10 mpoananusupoBano 348 pabot, ynaneHs! 1yOnupyromue ue-
ClIe/IOBaHuUs, IPOBeeHa (QHIIBTPALIUS JOCTOBEPHOCTH JAHHBIX U HAJMYUS aJIeKBaTHBIX pa3MepoB BbIOOpOK. [TokazaHo, 4TO
OIIEHKa YPOBHS BOCTAJICHHUS B OOJIBIIMHCTBE pabOT MPOBOIMIIACH HA IBYX TPYIIax KUBOTHBIX (TpyIine, 00padoTaHHOM mpe-
naparamMu Rubiaceae, 1 MOJICIILHOM TI'PYIIIE) ¢ UCIOIB30BAHUEM TECTOB Ha IPUCYTCTBUE MPOBOCIAIUTEIBHBIX IUTOKHHOB
1 DKCHPECCHIO BOCMAJIUTEIbHOr0 reHa NF-xB. BHyTpurpynmnoBoii aHaiau3 OblJ HAalpaBieH Ha M3ydeHHe: 1) MPOTHBOBOC-
MAJIUTEIBHOTO ICHCTBUS PAaCTEHNH pa3INYHBIX POIOB ceMelicTBa MapeHOoBEIe; 2) IIPOTHBOBOCIIAIUTEILHOTO IEHCTBHS pas3-
JIUYHBIX SKCTPAKTOB. Pe3ysibTaThl METaaHaIM3a MOKAa3aJl1, YTO SKCTPAKTHI PACTCHUH ceMelicTBa Rubiaceae OKa3bIBAIOT BbI-
paskeHHOE POTHBOBOCIAIMTEIILHOE ICHCTBHE HAa )KUBOTHBIX MOJICIISX: B I'pyIiIie, 00paboTaHHON MMH, HabIOHaIHChH Ooiee
HU3KHE yPOBHHU MPOBOCTANUTENbHBIX HUTOKHHOB (IL-1f, IL-6, TNF-0) u sxcnipeccun NF-xB 10 cpaBHEHHIO ¢ MOJEIbHON
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rpynnoii Bocrianenus (p < 0,05). BEyTpurpynmnoBoii aHaiu3 BBISIBIII, YTO IKCTPAKTHl pacTeHUH ponos Gardenia, Hedyotis
u Morinda noctosepuo cumxkanu yposuu IL-1f u TNF-0, Torna kak Tonbko pacteHus poga Morinda oxa3pIBaay BEIPaXKeH-
HOE HHTHOHpYIolIee JeHCTBHE 10 OTHOIEHUIO K 1L-6; BogHbIe, ’TaHOIBHBIE W TEPIIEHONIHBIE SKCTPAKTHI IEMOHCTPHPOBAITH
3HAQUUTENBHYIO MPOTHBOBOCIANINTENbHYIO aKTHBHOCTh. YCTAHOBIIEHO, YTO T€TEPOT€HHOCTh, OOHAPYKEHHASI B PE3yIbTaTe
BHYTPHUTPYMIIOBOrO aHalu3a U METaperpeccuy, B OCHOBHOM 00yCIIOBJI€Ha MEKBHUIOBBIMU paznunuusMu. TecTsl berra u Or-
repa ykasaJin Ha HaJu4ue MyOJIMKAallMOHHON CMELIIEHHOCTH B OTOOpaHHBIX HccienoBaHusx. [IpoBeneHHOe HcciieioBaHUE
MOKAa3aJI0, YTO HEOOXOIUMBI JTAIBHEHIITNE SKCIICPUMEHTSI in Vivo U in Vitro A NOATBEPKACHUS IIPOTHBOBOCIIAIUTEIHLHOTO
JEeUCTBHS pa3IUUHBIX JIEKaPCTBEHHBIX pacTeHUI cemelicTBa Rubiaceae.

KuroueBslie ciioBa: Rubiaceae, mpoTuBOBOCTIANINTENbHOE NeiicTBue, Gardenia, Hedyotis, Morinda, Nauclea, Paederia

Juast uutupoBanusi: [IpoTHBOBOCIaNUTENbHBIE CBOMCTBAa IKCTPAKTOB pacTeHUil cemeiicTBa Rubiaceae / Olcioanp
Ilon, A. @. BaxmeroBa, M. A. Muicneiika, B. B. Jlemuauuk / Becui HanbisHaneHait akagsmii HaByk bemapyci. Cepbis
Oisutariyaelx HaByK. — 2026. — T. 71, Ne 2. — C. 116—124. https://doi.org/10.29235/1029-8940-2026-71-2-116-124

Introduction. The Rubiaceae family belongs to Angiospermae, Magnoliopsida, and Gentianales.
The Rubiaceae is widely distributed, mainly concentrated in tropical regions. The Rubiaceae is a large
plant family, ranking fourth in species diversity among angiosperms. It includes approximately 637 ge-
nera and 13,500 species [1]. The plants from Rubiaceae family were often used as herbs because they
include iridoids, indole alkaloids, anthraquinones, terpenoids, flavonoids, and other phenolic derivatives,
as well as secondary metabolite alkaloids with rich biological activity. These organic compounds have
important pharmacological effects and are used in research on the treatment of various diseases [1-3].
Among them, iridoids have been proven to have strong anti-inflammatory activity. Iridoids belong to
the monoterpenoid components of terpenoids, with typical binary rings, ene bonds, and ether bonds,
often connected to sugars to form cycloene ether terpenoid glycoside structures [4]. Iridoids are com-
monly found in Rubiaceae family, including Hedyotis, Gardenia, Morinda, Paederia, Lasianthus, and
other genera [1, 4, 5]. There are various types of iridoid compounds with complex structures, including
ordinary, cracked ring, dimer, and other types [1, 2]. It was found that the iridoids compound geniposide
extracted from Gardenia can alleviate LPS induced cellular inflammatory damage by inhibiting the ex-
pression of the NF-xB pathway [6]. It was used to treat skin inflammation, cardiovascular inflammation,
enteritis, and improve non-alcoholic fatty liver disease by enhancing animal antioxidant ability [7—10].
Moreover, glycosides from Paederia have been found to inhibit the production of nitric oxide (NO) by
inhibiting the NF-xB pathway, reducing the expression of Proinflammatory Cytokines (PCs), and alle-
viating the cyto-inflammation caused by lipopolysaccharide (LPS) [11].

In this study, extracts from five very important genera of Rubiaceae, Gardenia, Hedyotis, Morinda,
Nauclea, and Paederia, were included in the meta-analysis to explore the mechanisms of action of Ru-
biaceae compounds in treating different animal inflammatory diseases.

Materials and research methods. /nclusion criteria. The following inclusion criteria were applied:
1) research on evaluating inflammation in experimental animals; 2) research results published in Eng-
lish; 3) research results with clear animal numbers, mean values, and standard deviations. Previously,
this approach has been used in studies investigating the effects of plant-derived medicines on hypogly-
cemia [12], silver nanoparticles on inflammatory diseases [13], and flavonoids as antidiabetic and anti-
inflammatory agents [14].

Exclusion criteria. Typical criteria that were previously designed elsewhere [12—14] were used, in-
cluding the following: 1) conference abstracts, comments, editorials, and letters; 2) treatment of human
patients, in vitro, or other unrelated research; 3) researches without English full text; 4) studies that can-
not obtain/extract data; 5) studies with sample size less than 5; 6) research without clear drug extraction
methods; 7) studies that have been withdrawn.

Reports search. The following steps were carried out: 1) retrieving keywords in various databases,
classifying and organizing qualified reports, and deleting duplicate reports; 2) analyzing the topic and
abstract of the reports, and excluding reports that do not meet the research criteria according to the stan-
dards; 3) studying independently screened, extracted, and collected reports according to the inclusion and
exclusion criteria mentioned above, while recording the number and reasons for the excluded reports.

Quality assessment. Review Manager 5.4 (Cochrane Collaboration, UK) was used to evaluate the qua-
lity of selected reports. The evaluation process includes: 1) random sequence generation (selection bias);
2) allocation concealment (selection bias); 3) blinding of participants and personnel (performance bias);
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4) blinding of outcome assessment (detection bias); 5) incomplete outcome data (attrition bias);
6) selective reporting (reporting bias); 7) other bias.

Statistical analysis. Origin 2019b (OriginLab Corporation, USA) was used to extract data from bar
charts in various reports (Mean and SD). Review Manager 5.4 and Stata SE 17 (StataCorp LLC, USA) were
used for meta-analysis. A random-effects model was used during meta-analysis when 12 > 50 % (indica-
ting high heterogeneity). Otherwise, a fixed-effects model was used. For subgroup analysis, each subgroup
included at least 2 reports. Meta-regression with 95 % Cls was performed for all subgroup analyses. Begg’s
and Egger’s tests were applied to assess publication bias when the number of included reports was >10.

Results. Reports screening and study characteristics. By searching for keywords Gardenia or
Hedyotis or Morinda or Nauclea or Paederia, and “Inflammation” or “Inflammatory” in the title and ab-
stract. By reading the title and abstract, 32 references were remained (Fig. 1). After full-text screening,
13 reports were excluded due to unclear extract (z = 1), insufficient evaluation indicators (n = 7), unclear
number of animal samples (n = 3), lack of inflammation evaluation (» = 1), and incomplete animal in-
dividual samples (n = 1). (Fig. 1). Finally, 19 studies were selected that were suitable for this study and
were organized according to the characteristics of the reports (Table 1).

348 of records
identified through
data base searching

215 of records after
duplicates removed

e

133 of records
screened

32 of full-text articles
assessed for
eligibility

19 of studies
included in
qualitative synthesis

(meta-analysis)

101 of records
excluded

PN
Unclear extract (1)
S,

Insufficient evaluation
indicators (7)

13 of full-text articles
excluded

N
Unclear number of

animal samples (3)

No evaluation of
inflammation (1)

Non-complete animal
individual sample (1)

Fig. 1. Scheme of literature screening procedures for preliminary data analysis

Table 1. Basic characteristics of the included studies

Animal, n Inflammation Outcomes

Genera, Author, Year (RT/IM) model Extracts Proinflammatory cytokines Genes/Proteins
Gardenia, Chen X.-Y. [et al.], .\ .
2022 [15] R, 19/19 Dermatitis Terpenoids | TNF-a, IL-1B, IL-6 -
Gardenia, Cheng S. [et al.], Cardiovascular .
2019 [16] M, 10/10 inflammation Terpenoids | TNF-a MAPK
Gardenia, Cui Y. [et al.], 2019 R, 10/10 Enteritis Aqueous TNF-a, IL-2 NF-xB
[17] extracts
ZGO“&“’F;]’“’ DengR.[etal], g 1515 Arthritis Terpenoids | IL-1p, IL-17 NF-xB, MAPK
Gardenia, Li H. [et al.], Cardiovascular . AMPK, ACC,
2022 [18] M, 55 inflammation | \cPenoids | IL-1B, IL-18 NLRP3
Gardenia, Sun Q. [et al.], Cardiovascular . .
2023 [19] R, 30/30 inflammation Terpenoids | TNF-a, IL-6, IL-1B NF-kB, iINOS
Hedyotis, Dai M. [et al.], . Aqueous
2017 [20] M, 26/26 Hepatitis extracts TNF-a, IL-1B, IL-6 -
Hedyotis, Li Y. [et al.], .. Aqueous TNF-a, IL-6, IL-17,
2022 [21] M, 6/6 Nephritis extracts MCP-1 STAT
Hedyotis, Liu R. [et al.], . Ethanol
2018 [22] M, 15/15 Pneumonia extracts TNF-a, IL-1P NF-xB
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End of the Table 1

Geners, Autho, Year Wiy | e | B evtkines | Geneuprateim
ijly ‘[’;’;] Wang L-F-[etall, g 10/10 | Arthritis gci‘rlae;’t‘;s TNF-a, IL-1B, IL-18 ;isﬁge'l’
Z;egyt[)zlia, Ye J.-H. [et al.], M. 8/8 Nephritis eAX(?[:lzé)thls ;’/II\CI:I;-_T IL-1B, IL-6, B
Xgrr llzd;/[K[SS;r}al;(l)zz ps) |M o6 isr?;ztl:lnni‘lcation Sftl;l::(t)l TNF-a, IL-1, IL-6 zcvg);(cg OS.
%%’E‘;gi LiangJ. fetall, 1y g6 Enteritis f;?;’:zl TNF-a, IL-6, [L-17 -
?i”;iﬁ’”"z’bﬂa[‘;;)]sman W-N- R 606 Arthritis fftl;‘l‘t’l TNF-a, IL-1B -
%Ozr(;”[‘;g] Zhang Q-fetall, |p 1010 | Arthritis Terpenoids | IL-1B, IL-6, IL-17 -
]2\[5’2”261[6;‘9’])(“ H. [etal], M,18/18 Pneumonia 2{‘1‘:;;‘;5 TNF-a, IL-1B, IL-6 -

g ‘i‘;‘ﬁr "230’3"[?0‘}1‘31“ M-P R 66 Nephritis S;Ef"a':t’; TNF-a, IL-1B, IL-6 NF-xB
ggfjgﬁ’ Hou Sh-X. fetal ], R, 10/10 Nephritis Terpenoids | TNF-a -
ggf j g;ﬁ’ Zhu W.[etal ), R, 10/10 Nephritis Terpenoids | MCP-1 NF-kB

Note. RT/IM — Rubiaceae-treated group/Inflammation model group; R — rats; M — mice; TNF — tumor necrosis factor;
IL — interleukin; MCP — monocyte chemoattractant protein; MAPK — mitogen-activated protein kinase; AMPK — adenosine
5'-monophosphate (AMP)-activated protein kinase; NF-xkB — nuclear factor kappa-B; NLRP — nucleotide binding domain
and oligomerization domain (NOD)-like receptor thermal protein; STAT — Signal transducer and activator of transcription;
Caspase— cysteinyl aspartate specific proteinase; COX — cyclooxygenase.

Risk of bias. After bias risk assessment of the 19 included studies, the main sources of bias were
detection bias (100 % unclear risk of bias; Fig. 2), as none of the studies mentioned whether double-blind
design was adopted. In addition, there was unclear risk of performance bias (10.53 %) and reporting bias
(68.42 %; Fig. 2).

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

T T T 1
0 25 50 75 100

Percentage, %
B3 Low risk of bias B3 Unclear risk of bias

Fig. 2. Risk of bias (random sequence generation — selection bias due to inadequate generation of a randomized sequence;
allocation concealment — selection bias due to inadequate concealment of allocations prior to assignment; blinding of
participants and personnel — performance bias due to knowledge of the allocated interventions by participants and personnel
during the study; blinding of outcome assessment — detection bias due to knowledge of the allocated interventions by
outcome assessors; incomplete outcome data — attrition bias due to amount, nature or handling of incomplete outcome data;
selective reporting — reporting bias due to selective outcome reporting; other bias — bias due to problems not covered)

Meta-analysis for outcomes. After screening the common detection indicators across included stu-
dies, only the pro-inflammatory cytokines IL-1B, IL-6, and TNF-a were evaluated for anti-inflammatory
activity in 5 or more studies, with 13 studies for IL-1p, 10 for IL-6, and 15 for TNF-a. Therefore, meta-
analysis was performed only for these indicators, and forest plots were constructed (Fig. 3). The vertical
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IL-1B IL-6 TNF-a NF-xB
Std. Mean Difference Std. Mean Difference Std. Mean Difference Std. Mean Difference
IV.Random. 95%CI IV, Random, 95% Cl IV, Random, 95% CI IV, Random, 95% CI
Gardenia; Chen X.-Y. [et al.] 2022 [15] - - = o
Gardenia; Cheng S. [et al.] 2019 [16] - -
Gardenia; Cui Y. [et al.] 2019 [17] —-— —-
Gardenia; Deng R. [et al.] 2018 [6] =
Gardenia; Li H. [et al.] 2022 [18] ——
Gardenia; Sun Q. [et al.] 2023 [19] - - - =
Hedyotis; Dai M. [et al.] 2017 [20] —-— - -
Hedyotis; Li Y. [et al.] 2022 [21] - -1
Hedyotis; Liu R. [et al.] 2018 [22] — -
Hedyotis; Wang L.-F. [et al.] 2021 [23] — -
Hedyotis; Ye J.-H. [et al.] 2015 [24] - = -
Morinda; Krisshnakumar N.M. [et al.] 2022 [25] ——&— _ —_— —
Morinda; Liang J. [et al.] 2020 [26] - _——
Morinda; Wan Osman W.N. [et al.] 2017 [27] —_— - -~
Morinda; Zhang Q. [et al.] 2020 [28] —— --
Nauclea; Xu H. [et al.] 2022 [29] -- -— -
Paederia; Borgohain M.P. [et al.] 2017 [30] _— _— U
Paederia; Hou, Sh.-X. [et al.] 2014 [31] _
Paederia; Zhu W. [et al.] 2012 [32] —-
Total (95% Cl) < < © <
40 5 0 & -20 -0 5 A0 5 5 20 -0
[RT] [iM] [RT] i) [RT] [I] [RT] [IM]
Heterogeneity 1’=93% Heterogeneity 1?=92% Heterogeneity 1’=90% Heterogeneity 1’=77%

Fig. 3. Forest plot used for meta-analysis (effect of size estimates are depicted by filled squares, with horizontal whiskers
corresponding to 95 % Cls. The filled diamond indicates the overall mean effect size)

line at 0 indicates no difference between the RT group and the IM group. Each green square represents
the standardized mean difference (SMD) of an individual study, the horizontal line represents its 95 %
confidence interval (CI), and the diamond at the bottom indicates the pooled effect size and 95 % CI.
When the 95 % CI of an individual study lies entirely to the left of 0 (negative region) and does not cross
the vertical line, the level of the indicator in the RT group is significantly lower than that in the IM group
(p <0.05). If the 95 % CI lies entirely to the right (positive region) without crossing the line, the level in
the RT group is significantly higher than that in the IM group (p < 0.05). If the 95 % CI crosses the verti-
cal line, the difference between the two groups is not statistically significant. As shown in Fig. 3, no sig-
nificant differences in pro-inflammatory cytokine levels between the RT and IM groups were observed
in some studies, including Sun Q. et al. (2023) [19] for IL-1B and TNF-a, Ye J.-H. et al. (2015) [24] for
IL-6, and Li Y. et al. (2022) [21] and Wan Osman W. N. et al. (2017) [27] for TNF-a. However, the over-
all pooled effects (diamonds) were all located to the left of the vertical line, indicating that pro-inflam-
matory cytokine levels were significantly lower in the RT group than in the IM group (p < 0.05). While
a total of 6 studies detected the expression of nuclear transcription factor NF-xB, the results showed
that the expression of NF-xB in the RT group was significantly lower than IM group (p < 0.05). As the
meta-analysis results for all four indicators showed substantial between-study heterogeneity (I> > 50 %),
a random-effects model was employed for the pooled analysis. To explore the potential sources of this
heterogeneity, subgroup analyses were subsequently performed.

Subgroup analysis and meta-regression test. Subgroup analyses were performed to evaluate the an-
ti-inflammatory activity of different genera within the Rubiaceae family and to investigate the effects of
different extraction methods on anti-inflammatory efficacy, with the aim of exploring potential sources
of between-study heterogeneity. Due to the availability of sufficient data, only IL-1pB, IL-6, and TNF-a
were included in the subgroup analysis.

Analysis of anti-inflammatory effects of different plants was carried out. Subgroup analysis was
performed to explore the anti-inflammatory effects of different Rubiaceae genera. The results showed
that Gardenia, Hedyotis, and Morinda all significantly reduced IL-1p levels (p < 0.05; Fig. 4). Similarly,
Gardenia, Hedyotis, and Morinda all significantly decreased TNF-a levels (p < 0.05; Fig. 4). For IL-6,
subgroup analysis revealed that only the Morinda subgroup showed a significant reduction (p < 0.05),
whereas Gardenia and Hedyotis did not exhibit a significant effect (p > 0.05; Fig. 4). This finding differs
from the overall pooled analysis results. After subgroup analysis, the between-study heterogeneity for
IL-6 and TNF-a was reduced to 1> < 50 % (IL-6: 1> = 0 %; TNF-a: I> = 30.9 %; Fig. 4). Meta-regres-
sion analysis showed that the p-values for both IL-1p and TNF-a were <0.05 (IL-1B: p = 0.037; TNF-a:
p =0.033; Fig. 4), suggesting that intergeneric differences may be one of the key sources of the observed
heterogeneity.
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Std. Mean Difference Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI IV, Random, 95% C1 IV, Random, 95% CI

Gardenia
Gardenia; Chen X.-Y [et al.] 2022 [15] - - -
Gardenia; Cheng S. [et al.] 2019 [16] o
Gardenia; Cui Y. [et al.] 2019 [17] _
Gardenia; Deng R. [et al.] 2018 [6] -
Gardenia; Li H. [et al.] 2022 [18] - —
Gardenia; Sun Q. [et al.] 2023 [19] - -- E
Subtotal * - >
Hedyotis
Hedyotis; Dai M. [et al.] 2017 [20] - -= -
Hedyotis; Li Y. [et al.] 2022 [21] _— - -4
Hedyotis; Liu R. [et al.] 2018 [22] —-
Hedyotis; Wang L.-F. [et al.] 2021 [23] —_— —-—
Hedyotis; Ye J.-H. [et al.] 2015 [24] - - .
Subtotal R i <G <
Morinda
Morinda; Krisshnakumar N.M. [et al.] 2022 [25] ———— —_— —_—
Morinda; Liang J. [et al.] 2020 [26] - —_—
Morinda; Wan Osman W.N. [et al.] 2017 [27] —_— ——
Morinda; Zhang Q. [et al.] 2020 [28] —-— -
Subtotal e -S> e GiiR—
Paederia
Paederia; Borgohain M.P. [et al.] 2017 [30] —
Paederia; Hou Sh.-X [etal.] 2014 [31] —_—
Subtotal R

Total (95% Cl) > < Res
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Heterogeneity 1’=84.3% Heterogeneity 1?=0% Heterogeneity ’=30.9%
Meta-regression test Coefficient: -3.046; Std. err.: 1.246; Coefficient: -0.440; Std. err.: 2.100; Coefficient: -2.050; Std. err.: 0.849;
[95% conf. interval]: -5.864, -2.273; [95% conf. interval]: -5.580, 4.699; [95% conf. interval]: -3.899, -0.200;
t: -2.44; P: 0.037. t:-0.21; P: 0.841. t: -2.42; P: 0.033.

Fig. 4. Subgroup analysis of effects of different genera

An analysis of the anti-inflammatory effects of different extracts was carried out. Subgroup analysis
was performed according to different extract types, including aqueous extracts, ethanol extracts, and ter-
penoid compound extracts. The results showed that all three types of extracts in the RT group significantly
reduced the levels of IL-1B, IL-6, and TNF-a in animals (p < 0.05; Fig. 5). Within the subgroups, the
between-study heterogeneity for IL-6 and TNF-a was reduced (IL-6: I? = 0 %; TNF-a: IZ = 27.8 %; Fig. 5).
However, meta-regression analysis revealed no statistically significant association between extract type
and effect size for any of the three indicators (p > 0.05; Fig. 5). These findings suggest that extract type
may contribute to the observed heterogeneity, although this could also be attributable to random variation.

Publication bias. The Begg’s test and Egger’s test were used to analyze IL-1pB, IL-6, and TNF-a data
to determine publication bias. The analysis results of IL-1p showed significant publication bias (Begg’s

Std. Mean Difference Std. Mean Difference Std. Mean Difference
IV, Random, 95% C1 IV, Random, 95% Cl IV, Random, 95% Cl

Aqueous extracts
Gardenia; Cui Y. [et al.] 2019 [17] —
Hedyotis; Dai M. [et al.] 2017 [20] — - -
Hedyotis; Li Y. [et al.] 2022 [21] - -
Hedyotis; Wang L.-F. [et al.] 2021 [23] —_— -
Hedyotis; Ye J.-H. [et al.] 2015 [24] -- -1 -
Nauclea; Xu H. [et al] 2022 [29] —-— - -
Subtotal -5 > *
Ethanol extracts
Hedyois; Liu R. [et al.] 2018 [22] —_— —_
Morinda; Krisshnakumar N.M. [etal.] 2022 [25] ——— L IS ——
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Morinda; Wan Osman W.M. [et al.] 2017 [27] — ——
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Gardenia; Cheng S. 2019 [16] —_
Gardenia; Deng R. [et al.] 2018 [6] ——
Gardenia; Li H. [et al.] 2022 [18] —_—
Gardenia; Sun Q.[et al] 2023 [19] -t - -
Morinda; Zhang Q. [et al.] 2020 [28] —— --
Paederia; Hou Sh.-X. [et al.] 2014 [31] —_—
Subtotal © <> -8

Total (95% CI) < & P

40 5 5 10 -20 -10 10 A0 5 5 10
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Heterogeneity 1?=89.1% Heterogeneity ’=0% Heterogeneity 1?=27.8%
Meta-regression test Coefficient: 1.707; Std. err.: 1.106; Coefficient: -0.205; Std. err.: 1.388; Coefficient: -0.818; Std. err.: 1.149;
[95% conf. interval]: -0.728, 4.141; [95% conf. interval]: -3.406, 2.995;  [95% conf. interval]: -3.301, 1.664;
t: 1.54; P: 0.151. t: -0.15; P: 0.886. t:-0.71; P: 0.489.

Fig. 5. Subgroup analysis of effects of different extracts
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Table 2. Publication bias test results

Outcome indicators p-value of Begg’s test p-value of Egger’s test
IL-1P <0.001 0.033
IL-6 0.069 0.032
TNF-a 0.001 0.138

N o te. When the p-value is no more than 0.05, it suggests that the analyzed data has a pronounced publication bias within
the 95 % CL.

p=<0.05; Egger’s p <0.05; Table 2). The Begg’s test showed that there was no publication bias in IL-6 (p > 0.05;
Table 2), while there was publication bias in TNF-a (p < 0.05; Table 2). The Egger’s test showed that IL-6
(p <0.05; Table 2) had publication bias, while TNF-a (p > 0.05; Table 2) did not have publication bias. Over-
all, there was a publication bias in the study of animal inflammation models treated with Rubiaceae.

Discussion. Rubiaceae plays an important role in regulating inflammatory factors and cellular im-
mune signaling pathways. PCs and intracellular inflammatory pathways were analyzed in this study.
PCs are a type of cytokine that promotes immune responses in the body during the inflammatory pro-
cess [33]. Under normal immune function, their levels can directly reflect the level of animal inflam-
mation [33]. PCs are involved in regulating vascular endothelial permeability, promoting endothelial
surface adhesion, and recruiting white blood cells, lymphocytes, and monocytes [33]. While they also
promote the development of inflammation and tissue damage, leading to pathological changes [34, 35].
Three types of PCs, IL-1B, IL-6, and TNF-a, were included in the meta-analysis in this study. IL-1j,
IL-6, and TNF-a are involved in the development of various inflammatory diseases. Among them, IL-1
not only directly promotes cellular inflammatory response, but also induces the secretion of IL-6, and
TNF-a to enhance inflammatory response [33—35]. The excessive development of inflammation un-
doubtedly brings damage and dysfunction to organisms, especially in inflammation caused by excessive
immunity, such as rheumatoid arthritis, lupus erythematosus and delayed allergic reactions [35].

Among the 19 studies included, 6 were included in the meta-analysis. The results showed that Ru-
biaceae can inhibit the expression of NF-xB (Fig. 3). NF-«kB is a key signaling pathway that regulates
cellular inflammation. PCs can activate the Toll-like receptors on cells and activate the NF-«xB signaling
pathway through phosphorylation of /xB [36]. The activation of NF-xB can induce cellular inflammation
and apoptosis [36]. In chronic inflammation, overexpression of NF-xB is an important cause of sustained
cellular inflammation [36]. The anti-inflammatory mechanism of Rubiaceae compounds is complex, and
more experiments on molecular mechanisms underlying this mechanism are needed to explore its thera-
peutic potential for treatment of specific inflammatory disorders.

This study mainly includes research on animal experiments, and most of the included reports do
not mention laboratory double-blind settings, so it has a high risk of detection bias. In the process of
conducting meta-analysis on various data, heterogeneity remained at a high level. Therefore, the study
conducted subgroup analysis by genera, extracts, and treated diseases, and conducted meta-regression
analysis. However, only in genera subgroups, meta-regression analysis shows that genera differences
may be one of the sources of heterogeneity. Moreover, after grouping by extracts, the heterogeneity did
not change. The subgroups contain aqueous extracts, ethanol extracts, and terpenoids. Terpenoids are
easily soluble in water, ethanol, and methanol, so they are also abundant in both aqueous and ethanol
extracts [5], which indirectly indicates that iridoids are important substances for Rubiaceae to exert anti-
inflammatory effects. Due to the lack of quantitative analysis of all organic compounds in each report,
the reference of drug dosage cannot be accurately included in the meta-analysis, which may be one
of the sources of heterogeneity.

Conclusion. Nineteen studies were finally included in this meta-analysis from an initial 348 relevant re-
ports, indicate that most published research lacks standardized experimental design and complete quantita-
tive data eligible for meta-analysis. Rubiaceae plants exert significant anti-inflammatory efficacy in animal
models of cardiovascular, digestive, urinary and respiratory inflammatory diseases, primarily by regulating
the expression of key PCs (IL-1B, IL-6, TNF-0) and inhibiting the NF-xB signaling pathway. Subgroup
analyses and meta-regression indicated that high heterogeneity mainly stems from intergeneric differences.
Eligible reports on Nauclea and Paederia available for this study are limited, and combined with the pre-
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sence of publication bias revealed by Begg’s and Egger’s tests, these all demonstrate that the anti-inflamma-
tory activity of Rubiaceae plants requires further verification through more rigorous animal experiments.
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